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Abstract
To evaluate soil organic carbon (SOC) and total nitrogen (TN) stocks of ash, alder and oak tree stands in Karacabey �oodplain forest and adjacent Calabrian
pine forest, grassland, cropland and sand dune in relation to soil depths (0-130 cm), a study in three replicate sites for each tree and the adjacent sites was
carried out in northwest Turkey. The results indicated that among the tree species, alder stands had the greatest SOC (3.97%) and TN (%0.328) and total
accumulation of SOC (405 Mg ha-1) and TN (34.4 Mg ha-1), followed by ash tree (%3.11, %0.302, 393 Mg ha-1 and 26.2 Mg ha-1 respectively) and oak (%2.43,
%0.220, 293 Mg ha-1 and 28.6 Mg ha-1 respectively). However, the grassland showed the highest cumulative SOC densities within 0-130 cm depth (678 Mg ha-

1) compared to the tree species. It also showed higher TN densities (27.5 Mg ha-1) than the ash tree and the Calabrian pine stands, whereas lower than the
alder and oak stands. The sand dunes showed the lowest SOC and TN values. Compared to the soil depth of 0-30 cm, mean SOC and TN stored in 30–130 cm
soil depth accounted for 58% and 40% in ash stands, 41% and 45% in alder stands, 52% and 56% in oak stands, 57% and 66% in Calabrian pine stands
respectively. Thick alluvial soil and dry climate in the region could be responsible for the better root system development, and thus much higher SOC and TN
stocks into deeper soil layers.

Introduction
Increased atmospheric concentration of greenhouse gases (especially carbon dioxide) due to anthropogenic emissions is now widely acknowledged by the
scientists as a major cause of worldwide climate change (Hertzberg and Schreuder 2016). It has been estimated that CO2 levels are rising at a rate of 2.0 ± 0.1
ppm per year in the last decade (IPCC 2014). The IPCC estimates atmospheric concentration of carbon dioxide will rise to between 540 and 940 ppm by the
year 2100. Hence, it is inevitable to reduce the CO2 concentration in the atmosphere. Forests can play an important role in mitigating elevated atmospheric
CO2 concentrations and preventing global warming since they are the largest carbon reservoir in terrestrial ecosystems (Dixon et al. 1994; Schimel et al. 2001).
For that reason, Annex I countries under the United Nations Framework Convention on Climate Change (UNFCCC) should report the national emissions and
removal of greenhouse gases associated with the forest sector in the Agriculture, Forestry, and Other Land-Use (AFOLU) (IPCC 2006; UNFCCC COP 15 2009).
Many developing countries, including Turkey, have reported on the carbon stocks from all carbon pools. Terrestrial forests ecosystems are mostly subject to
many studies due to their important role in the global carbon (C) �ux. Although it is estimated that wetlands cover approximately six to nine per cent of the
Earth’s surface and contain about 35 per cent of global terrestrial carbon (Mitra et al. 2005), the role of wetlands in carbon sequestration and storage has
generally been underestimated and not completely understood. There are still uncertainties about the overall carbon balance in wetland systems, about their
existing carbon stocks and even about the global area of wetlands, which have been historically underappreciated. Since the early 1700s, it has been
estimated that 87% of global wetland area has been lost (Davidson 2014). Land use change, pollution, water extraction, and landscape modi�cation have
threatened global wetland areas (van Asselen et al. 2013). A wetland’s ability to capture carbon can be undermined by such disturbances, but critically, those
disturbances can result in microbial breakdown, demineralization and ultimately release of signi�cant amounts of carbon that had already been stored
(Atwood et al. 2017). It has been reported that conversion to agricultural land for cropping and grazing can lead to 80–96% reduction in wetland SOC (Sigua et
al. 2009).

Some types of wetlands play a particularly important role as carbon stores. These include temperate and tropical peatlands, vegetated inter-tidal wetlands and
forested wetlands (�oodplain forests). It has been stated that �oodplains (approximately 0.5–1% of the global land area) are responsible for a range of 0.5–
8% of global SOC stocks ((Naiman et al. 2005; Cierjacks et al. 2010; Sut�n et al. 2016).

Forests that grow on the �oodplain are called “�oodplain forests” to differentiate them from upland forests. About 60% of the wetlands are estimated to be the
�oodplain forests. Floodplain forests are Europe's most threatened natural ecosystems. They are considered as 'priority forest habitat type' in the Annexe I of
the European Habitats Directive. Floodplain forest ecosystems are host to very high diversity of plant species, including trees and shrubs, and home to a wide
range of fauna (Daily 1997). Unfortunately, �oodplain forests are getting less and less in Europe and 90% of their original area has disappeared and they are
in critical condition (Hughes et al. 2003). Floodplain forest ecosystems serve a critical function in the global carbon (C) cycle due to their important role in C
sink management relative to other terrestrial ecosystems (Cartisano et al. 2013; Nath et al. 2017). Despite their importance for ecosystem and human services,
biomass storage and dynamics in �oodplain forest ecosystems remain poorly understood (Melack et al. 2009). The �ood regime, or �ood pulse, is considered
a major driver of spatial variability in C storage and productivity of �ooded forests (Junk 1989).

Turkey has also some �oodplain forests in several regions, especially in the Marmara and Black Sea Regions, but unfortunately only 11.400-hectare �oodplain
forests has remained in Turkey. There are several riverine and �oodplain forests in the northern part of Turkey, some of which have already been studied in
terms of ecology and biology (Pamay 1967; Çiçek 2002). However, there has been no study available in Turkey comparing soil organic carbon and nitrogen
stocks of �oodplain forest to surrounding terrestrial forests or to land use types under similar climate conditions. Quanti�cation of the changes in pool size
and �uxes of C and nitrogen is fundamental to the understanding of the effects of land-use change on the �oodplain forest ecosystem functions. Therefore,
we set up a detailed study in Bursa Karacabey �oodplain forests to investigate the variations in SOC and TN contents and stocks: (1) among tree species in
Karacabey �oodplain forests using ash, alder and oak tree species (2) between the �oodplain forests and the surrounding terrestrial environments (Calabrian
pine forest, grassland, cropland and sand dune); (3) between soil depths (0–10 cm, 10–20 cm, 20–30 cm, 30–60 cm, 60–100 cm and 100–130 cm).

Materials And Methods

Study Area
This study was carried out in Karacabey Floodplain Forests (40º23´38´´- 40º21´43´´N, 28º23´02´´- 28º34´21´´E) which is the third-largest wetland in Turkey
(Fig. 1). Its neighboring Kocaçay Delta in the northwestern Bursa province is home to hundreds of �ora and fauna that come alive with rich diversity in the
spring and summer months. The Kocaçay Delta covers an area of 42.000 hectares in the region. It is formed by the uni�cation of the Susurluk River and
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Nilüfer Stream as they empty into the Marmara Sea. It has a great importance for the natural life since it has two shallow lagoons namely Dalyan and
Arapçiftliği, large sand dunes, swamp, open areas (grasslands, croplands) and �oodplain forests (Fig. 1).

The unique Karacabey �oodplain ecosystem is formed by the accumulation of sediments deposited by creeks and streams �owing into the sea. The water
level varies based on the rise and fall of groundwater during certain periods throughout the year. Total size of the Karacabey �oodplain is approximately 3800
ha. (Akay et al. 2017). It includes a variety of habitats; sand dunes (623 ha), swamp (532 ha), lakes (760 ha), grasslands (390 ha), croplands (545 ha) and
�oodplain forests (950 ha). The �oodplain forests are not only dependent on rainfall and air humidity but more on ground water. Ministry of Forestry and
Water Affairs described the area as “the �oodplain is similar to the mangrove forests of tropical regions”.

A semi humid climate is generally characteristics to the study region. According to previous year’s meteorological data (2007–2020), mean annual
precipitation was 719 mm and mean temperature was 15.5 0C. Although the most dominant tree species in the �oodplain forests are ash tree (Fraxinus
angustifolia Vahl.), alder (Alnus glutinosa (L.) Gaertn., oak species (Quercus robur, Quercus cerris, Quercus pubescens), a wide variety of vegetation types is
also reported in the Kocaçay Delta by Ursavaş and Keçeli (2018, 2019) mostly dominated with Quercus spp., Carpinus spp., Acer spp., Alnus glutinosa, Salix
alba, Castanea sativa, Sambucus nigra, Hedera helix, Populus tremula., Cornus spp., Erica arborea, Ruscus acuelatus, Tilia tomentosa, Fraxinus spp., Pinus
spp. Dozens of animal species call Karacabey �oodplain forest home, from wild horses and boars to a range of waterfowl including �amingos, black storks
and herons. The "�ooded forest" attracts ecotourists to the region for bird watching, photography, nature walks and camping (URL-1).

Field survey and soil sampling
Three subplots (replicates – 20 m × 20 m) located approximately 300 m. apart were identi�ed and sampled for three tree species (ash tree, alder and oak) in
Karacabey �oodplain forests, for one tree species (Calabrian pine) in the terrestrial forests as well as for grasslands, croplands and sand dunes. Total subplots
were 21.

In the �oodplain forest plots, three mature and taller trees in each plot were used to determine mean stand age, stand height and diameter breast height.
Annual growth ring in the trunk of the trees was counted to determine the tree age A Blume-Leiss altimeter was used to measure the tree heights. A diameter
tape was used to measure diameter at the breast height (DBH). Canopy cover was visually decided in each plot and then this determination was corrected by
measurements of stem number and DBH. Some information about the studied plots in the �oodplain forests is presented in Table 1.

Table 1
Basic information of the study subplots.

Tree species DBH (cm) Height (m) Age (yr) Canopy closure Humus type

Ash tree 24 (14.4–43) 13 (9.5–16.5) 62 (54–87 50–69 (medium) Mull

Alder 38 (22.5–63) 20 (15.5–24.5) 65 (50–80) 50–69 (medium) Mull

Oak 48 (36–60) 30 (25–35) 80 (70–120) 30–49 (low) Mull

Calabrian pine 36 (30–43.1) 20 (19–21) 36 (33–40) 50–69 (medium) Moder

Soil samples were collected in summer (July) 2019, when the soil had minimum moisture and the water table was at the lowest depth (150 cm). The soil
samples were collected from 6 different soil depths (0–10 cm, 10–20 cm, 20–30 cm, 30–60 cm, 60–100 cm and 100–130 cm) using a soil auger (5-cm
diameter). More representative soil samples were achieved by mixing the soil samples from the same layer in each plot.

A soil pro�le was also taken in each plot, and soil samples were collected along each pro�le for bulk density measurements at depths of 5 cm, 15 cm, 25 cm,
45 cm, 80 cm and 115 cm. All soil samples were placed into plastic bags and brought to the laboratory for soil chemical and physical analyses.

Analysis of soil samples

In order to remove stones, roots, large organic particles and macro fauna, moist soil samples from the �eld were dried under the laboratory conditions and
then crushed by hand and sieved using a less than 2 mm stainless soil sieve. After that they were bulked to give a single representative soil sample for each
soil depth.

Soil pH was determined by a combination glass electrode in H2O (soil-solution ratio 1:2.5) (Gülçür 1974). Electrical conductivity (EC) was determined in 1:1
soil water extract by using conductivity meter and expressed as dS/m (Allen 1989). Soil organic matter was determined by the modi�ed Walkley-Black method
as described by Kalra and Maynard (1991). Soil texture was determined by Bouyoucos’ hydrometer method (Bouyoucos, 1962). Soil bulk density was
determined by the undisturbed core sampling method (Blake 1965). Percent total pore space was computed from the values of bulk density (BD) and particle
density (PD) (assuming a particle density of 2.65 g cm− 3) as described by Hillel (2004). Soil bulk density was used to calculate soil organic C and N stocks.

A CNH-S elementary analyser (Eurovector EA3000-Single) was used to determine mean SOC and TN in the soil samples (Vesterdal and Raulund-Rasmussen
1998). Volume, bulk density, soil carbon and nitrogen content of the soil were used to calculate the SOC and TN pools as Mega gram C or N in per hectare (Mg
/ ha) (Lee et al. 2009). Dry mass of the soil was found as follows:

Dry soil mass (Mi) = bulk density (BDi) x thickness of the soil depth (Ti) x 104

Soil organic carbon or nitrogen stock (kg C or N ha-1) in the soil depth was found as follows:

C or N mass to the soil depth (i) = Carbon or nitrogen concentration x Mi
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Statistical analysis
ANOVA was used to analyze for differences in SOC and TN contents and stocks between all sample plots (the four tree species, grassland, cropland and sand
dune) and between the six soil depths using the SPSS® (software v. 11). Tukey’s honestly signi�cant difference (HSD) test (α = 0.05) was used to analyze the
differences between mean values.

Results

General soil properties
Mean values of soil pH, electrical conductivity, moisture, porosity, bulk density, organic matter and soil texture (clay, silt and sand) from four tree species (alder,
ash tree, oak and Calabrian pine) and from four land use types (forest, grassland, cropland and sand dune) in relation to soil depths are shown in Table 2. All
soil properties varied signi�cantly (p < 0.001) according to the land use types. However, only electrical conductivity (p < 0.05), soil organic matter (p < 0.01) and
bulk density (p < 0.001) varied signi�cantly with the soil depths (Table 3). For all land use types, electrical conductivity, porosity and soil organic matter
decreased with increasing soil depths, whereas soil bulk density increased (Table 2).

Table 2
Mean values of soil properties from four tree species and land use types

Land use type pH EC

(dSm− 1)

Moisture (%) Soil organic matter

(%)

Porosity

(%)

BD

(g cm− 3)

Clay (%) Silt (%) Sand (%)

Ash tree 8.25 1.365 35 8.66 56 1.26 28 13 59

Alder 8.78 0.502 28 7.41 51 1.42 17 14 69

Oak 7.98 0.139 19 7.38 36 1.85 14 10 76

Calabrian pine 7.28 0.061 8 5.38 34 1.72 21 34 46

Grassland 8.26 1.157 22 7.86 38 1.69 30 10 60

Cropland 7.86 0.150 15 8.40 36 1.75 23 27 51

Sand dunes 8.76 0.543 16 0.67 28 1.94 5 7 89

Table 3
Two-way ANOVAs showing signi�cant differences in soil characteristics

Source pH EC

(dSm− 1)

Moisture

(%)

Porosity

(%)

BD

(g cm− 3)

Clay

(%)

Silt

(%)

Sand

(%)

Land use types (LUT) 8.462*** 42.813*** 86.220*** 111.86*** 36.880*** 39.237*** 158.55*** 57.450***

Soil Depth (SD) 0.346NS 3.289* 2.170NS 26.591*** 17.558*** 0.824NS 0.964NS 0.134NS

LUT * SD 0.621NS 1.551NS 0.745NS 4.228*** 0.931NS 0.572NS 0.734NS 0.411NS

Source SOM

(%)

SOC

(%)

TN

(%)

SOC

(Mg C ha− 1)

TN

(Mg N ha− 1)

     

Land use types (LUT) 12.137*** 19.860*** 18.200*** 8.628*** 6.027***      

Soil Depth (SD) 4.748** 34.130*** 34.067*** 2.968*** 9.668***      

LUT * SD 0.191NS 3.972*** 3.416*** 1.331NS 1.268NS      

Values represent F values. *p(F) < 0.05; **p(F) < 0.01; ***p(F) < 0.001

EC electrical conductivity, BD bulk density, SOM soil organic matter, SOC soil organic carbon, TN total nitrogen

It was noted that soils in the study sites were alkaline and vary from the forest soils of other sites. Three dominant soil texture were seen as sandy clay, sandy
loam and sandy clay loam. The Calabrian pine site had the lowest soil pH (7.98), while the alder site had the highest soil pH (8.78). Electrical conductivity and
moisture were also lowest in the Calabrian pine site (0.061 dSm− 1 and 8% respectively), while they were highest in the ash tree soil (1.365 dSm− 1 and 56%).
The sand dune site showed the lowest soil organic matter and porosity (0.67% and 28% respectively), whereas it showed the highest bulk density (1.94 g cm− 

3). The ash tree site had the highest organic matter (8.66%) and porosity (56%), but lowest soil bulk density (1.26 g cm− 3). The lowest clay (5%) and silt (7%)
were noted in the sand dune site, whereas it had the highest sand (89%). The highest clay (28%) was seen in the ash tree site, while the Calabrian pine site had
the highest silt (34%) and the lowest sand (46%).

Mean SOC and TN content



Page 5/14

The main effects of the land use types and soil depths on the SOC and TN contents were all signi�cant (p < 0.001). Land use type x soil depth interaction was
also signi�cant (p < 0.001) for the SOC and TN contents indicating that it behaved in different ways according to soil depth on different land use types (Table
3).

Among the four tree species, the SOC and TN contents in the alder site were highest (3.97% and 0.328% respectively) followed by the ash tree site (3.11% and
0.302% respectively), the oak site (2.43% and 0.220% respectively), and the Calabrian pine site (1.01% and 0.087% respectively), within 0-130 cm soil depth.

The grassland site showed lower SOC content (2.79%) than the alder and ash tree sites, but higher than the oak and Calabrian pine site. The cropland site also
had higher SOC content (1.70%) than the Calabrian pine site, but lower SOC content than the other three tree sites (alder, ash tree and oak). Both the grassland
and cropland sites showed higher TN content (0.210 and 0.155% respectively) than the Calabrian pine site, but lower TN content than the other three tree sites.
The sand dune site had the lowest SOC (0.53%) and TN (0.022%) content compared to all three tree species, grassland and cropland sites.

Mean SOC content decreased with the soil depth in the three tree sites, the grassland and the sand dunes sites, and the greater content was in the 0–30 cm
topsoil (Fig. 2). The distribution of SOC content along the soil pro�le in the cropland site was, however, stable at the �rst three soil depths (0–30 cm), and then
it sharply decreased in the 30–130 cm. Below 30 cm, mean SOC in the cropland did not show any variation with the soil depth (Fig. 2).

The SOC contents in the �rst 0–30 cm depth averaged 6.76% in the alder site, 5.39% in the ash tree site, 3.32% in the oak site, 1.53% in the Calabrian pine site,
4.03% in the grassland site, 2.58% in the cropland site and 0.73% in the sand dune site.

A decrease of TN contents from the upsoil to the deeper soil along the pro�le followed the pattern of SOC (Fig. 3). As noted for the SOC, the distribution of TN
in the cropland site was also only stable at the �rst three soil depths (0–30 cm) and then sharply decreased and stabilized in the bottom soil layers (60–130
cm). The greater TN was also in the upsoil of 0–30 cm. The TN contents in the �rst 0–30 cm depth averaged 0.539% in the alder site, 0.507% in the ash tree
site, 0.292% in the oak site, 0.117% in the Calabrian pine site, 0.315% in the grassland site, 0.237% in the cropland site and 0.031% in the sand dune site.

Overall, soil C/N ratios in the four forest tree species decreased with the soil depths (Fig. 4). This result was correlated with much higher SOC within the topsoil
layers in the forest tree species. There were signi�cant variations (p < 0.001) in soil carbon to nitrogen ratios among the four trees along the soil pro�le. In
general, within 0–30 cm, the alder and Calabrian pine sites had higher C/N ratio than the oak and ash tree sites. Within 30–100 cm, the alder and oak sites
showed higher C/N ratio than the Calabrian pine and the ash tree sites. As seen within 0–30 cm, the alder and Calabrian pine sites had higher C/N ratio than
the oak and ash tree sites, within 100–130 cm.

In the cropland site, the SOC/TN ratio was relatively stable along the pro�le in the cropland site, while it showed a slight increase to stable level along the soil
pro�le in the grassland site (Fig. 4).

Mean SOC and TN stocks 

The main effects of the land-use types and soil depths on the SOC and TN stocks were all signi�cant (p < 0.001). Land use type x soil depth interaction was
not signi�cant (p > 0.05) for the SOC and TN contents indicating that it behaved in similar way according to soil depth on different land-use types (Table 3).

Among the four tree species, the cumulative SOC densities over area within 0-130 cm depth were highest in the alder site (405 Mg ha-1), followed by ash tree
site (393 Mg ha-1), oak forest (293 Mg ha-1) and the Calabrian pine site (162 Mg ha-1) (Fig. 5a). The trend of cumulative TN density was very consistent with
SOC among the four tree species. The alder site had the highest TN (34.4 Mg ha-1), followed by oak site (28.6 Mg ha-1), ash tree site (26.2 Mg ha-1) and the
Calabrian pine site (15.9 Mg ha-1) (Fig. 5b). The differences in SOC and TN stocks among the four tree species were generally signi�cant (p < 0.001) at each
soil depth (Fig. 5ab).

The grassland site showed the highest cumulative SOC densities within 0-130 cm depth (678 Mg ha-1) compared to the three tree sites (Fig. 5a). It also
showed higher TN densities (27.5 Mg ha-1) than the ash tree and the Calabrian pine sites, but lower than the alder and oak sites (Fig. 5b). The cropland site
had higher cumulative SOC and TN densities (259 Mg ha-1 and 23.2 Mg ha-1 respectively) than the Calabrian pine site, but lower densities than the other three
tree sites and the grassland site. The sand dune site had the lowest SOC (63 Mg ha-1) and TN (2.53 Mg ha-1) densities compared to all tree species, grassland
and cropland sites.

The percentage contributions of the SOC and TN stocks in the 0-30-cm, 30–60 cm, 60–100 cm and 100–130 cm soil layer are shown in Fig. 6. Among the four
tree species, the upper 30 cm alone contributed 59%, 48%, 43% and 42% for SOC in the alder, oak, ash tree and Calabrian pine sites respectively, while 60%,
55%, 44% and 34% for TN in the ash tree, alder, oak and Calabrian pine sites respectively. As for the grassland, cropland and sand dune sites, the upper 30 cm
alone contributed 28%, 49% and 68% for SOC respectively, while 57%, 51% and 72% for TN respectively.

The percentage contributions of the SOC and TN stocks in the alder and oak sites and the sand dune site continually decreased with the soil depths (Fig. 5ab).
Within 30–60 cm, the contribution percentages also sharply decreased in the other tree species, the grassland and the cropland sites. However, below 60 cm,
the contribution percentages were either stable or slightly increased in ash tree, the Calabrian pine the grassland and the cropland sites (Fig. 6ab).

Mean SOC, TN and stocks had a strong relationship (p < 0.01) with soil properties (Table 4), except for soil pH, soil texture. Mean SOC exhibited a positive
signi�cant relation with total N, porosity, SOM, electrical conductivity and soil moisture but showed negative correlation with soil bulk density (p < 0.01).
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Table 4
Pearson correlation coe�cient between soil organic carbon and total nitrogen stocks and soil characteristics

  TN SOC TN-stc. SOC-stc. BD Porosity SOM pH EC Moisture Clay Silt Sa

TN 1                        

SOC 0.957** 1                      

TN-stc. 0.628** 0.637** 1                    

SOC-stc. 0.277** 0.435** 0.631** 1                  

BD -0.679** -0.634** -0.343** -0.257* 1                

Porosity 0.666** 0.634** 0.334** 0.272** -0.884** 1              

SOM 0.679** 0.646** 0.454** 0.276** -0.487** 0.527** 1            

pH 0.177NS 0.178NS 0.166NS 0.095NS -0.101NS 0.106NS 0.025NS 1          

EC 0.373** 0.364** 0.108NS 0.111NS -0.454** 0.428** 0.229* 0.445** 1        

Moisture 0.555** 0.524** 0.342** 0.337** -0.746** 0.797** 0.394** 0.396** 0.638** 1      

Clay 0.180NS 0.191NS 0.246* 0.371** -0.345** 0.383** 0.404** -0.170NS 0.289** 0.327** 1    

Silt -0.067NS -0.120NS -0.031NS -0.175NS 0.012NS -0.086NS 0.147NS -0.480** -0.452** -0.492** 0.233* 1  

Sand -0.074NS -0.047NS -0.140NS -0.124NS 0.212* -0.191NS -0.352** 0.418** 0.112NS 0.108NS -0.780** -0.790** 1

Discussion
The results from this study indicated that soil properties (physical and chemical) analysed in this study signi�cantly (p< 0.001) differed among the four land
use types (forest land, grassland, cropland and sand dune) and between the forest tree species (ash tree, alder, oak and Calabrian pine) in Karacabey
�oodplain forests. Soil properties also showed signi�cant differences with soil depths except for soil pH, moisture and soil textures (clay, silt and sand) (Table
3). Land use type x soil depth interaction was only signi�cant (p<0.001) for the porosity, SOC and TN contents indicating that they behaved in different ways
according to soil depth on different land use types. 

Effects of soil depth on soil properties

In general, the soil properties including porosity, soil organic matter, soil organic carbon and total nitrogen contents and stocks decreased with increasing soil
depths, whereas only soil bulk density increased (Table 2). As stated in many studies, less organic matter and weight of the overlying horizons can mostly
result in higher soil bulk density in the inner soil layers (Grüneberg et al. 2014). In this study, mean SOC, TN and stocks showed a decrease with soil depth with
more content near the soil surfaces. It seemed that the availability of more organic matter from aboveground vegetation (trees, grasses, bushes) contributed to
have more SOC, TN and stocks in the topsoil. Especially, forest trees can increase root turnover and continuously provide plant litters in the upper layers
(Kimmins 2004), which enhance the SOC and TN (Wu et al. 1993). Similar result was also noted by Soleimani et al. (2019) which is in agreements with our
results.  

Effects of land use type on general soil properties

Several researchers have examined the soil physical and chemical properties in various terrestrial landscapes such as upland forests, grasslands, and
agricultural areas (Lepcha and Devi 2020; Francaviglia et al. 2017; Zhang et al. 2014). In Turkey, most studied showed a signi�cant difference in the soil
general properties (for example pH, texture, moisture, bulk density) with land-use type (Sariyildiz et al. 2016; Göl and Yilmaz, 2017; Kucuk et al. 2019), but the
others found no signi�cant variations in soil properties with land-use types (Evrendilek et al. 2004; Korkonc 2014). However, studies focusing on forested
wetland landscapes are limited. Under the forested wetland landscapes, our results indicated a signi�cant difference in the soil general properties with land-
use type (Table 3). 

We found signi�cant variations in the soil general properties among the three �oodplain forest trees (alder, ash tree and oak). In general, alder and ash tree
species showed similar soil properties compared to oak tree which had lower soil properties except for the bulk density and sand content (Table 2). However,
compared the �oodplain forest tree species to the upland tree species (the Calabrian pine site) and other land use types (grassland, cropland and sand dune
sites), the three �oodplain tree species clearly had higher pH, EC, moisture, organic matter, porosity and sand, but lower silt than the upland Calabrian
pine forest (Table 2). Soil bulk density was lower in alder and ash tree site than that in oak and Calabrian pine site, while clay content was higher in ash tree
and Calabrian pine sites than that in alder and oak sites. Similar results were reported by Tecimen and Kavgaci (2009) who studied some soil and forest �oor
characteristics of �oodplain forest, thermophile forest and sand dune at Igneada �oodplain forest in Turkey. They found that the �oodplain forests had higher
sand (64%), clay (20.1%), organic carbon (5.619%) and total nitrogen (0.213%) than the thermophile forest (52.4%, 12.6%, 4.191%, 0.154% respectively), while
it had lower soil bulk density (907.8 g l-1) than that in the thermophile forest (970.7 g l-1). The sand dunes had the highest sand content (91%) and BD (1257 g
l-1), while it showed the lowest clay (5.1%), organic carbon (0.478%) and total nitrogen (0.062%). 
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The upland Calabrian pine site also showed lower general soil properties compared to the grassland and cropland sites except for silt content which was
higher in the Calabrian pine site. On the other hand, the lowest organic matter, porosity, clay and silt contents were noted in the sand dune sites, whereas it had
the highest bulk density and sand content. 

The differences in soil bulk density of the land use types in this study could be attributed to the variation in the soil texture in the study sites (Dumig et al.
2006; Zhang et al. 2014; Francaviglia et al. 2017; Lepcha and Devi 2020). Additionally, compaction of the cropland soils by the continuous use of machinery
could further contribute to the higher bulk density of subsoil. Loss of organic matter and a decline of soil aggregation by the cultivation were reported as
causes of the increased bulk density (Lal 1987). 

Effects of land use type on SOC and TN contents and stocks

Several researchers have studied the soil capacity to store OC and TN in various terrestrial environments (e.g., forests, prairies, and farmland) (Kondo et al.
2017; Don et al. 2007) and measured their variability based on land use types (Wiesmeier et al. 2015; Rodríguez-Murillo et al. 2001). Most studies have
generally focused on the changes in SOC and TN of the topsoil layer (0–30 cm), which store the highest SOC and the greatest microbial activity (Umrit et al.
2014; Hao et al. 2015). On the other hand, inconsistent results for the in�uence of land-use change on SOC and TN have been previously reported (Binkley et
al. 2004; Specht and West, 2003). Conversion from natural forest or perennial grassland to agricultural land was reported to decrease SOC by 20–43% (Wei et
al. 2014). Similarly, conversion of forest to grassland induce large variation in SOC dynamics, leading to carbon losses of 10–55% (Wei et al. 2014; Perrin et al.
2014; Yang et al. 2015).

Forested wetlands are usually not considered when assessing opportunities for managing ecosystems to enhance terrestrial C and N storage. For
example, nationally in Turkey, soil organic carbon stocks have been estimated to be 55.68 Mg C ha-1 for forests, 49.77 Mg C ha-1 for grassland, 35,96 Mg C ha-

1 for cropland and 49,71 Mg C ha-1 for wetlands (Agriculture and Forest Ministry Soil Organic Carbon Project, 2008). This approach assumes that wetland
forests do not have substantially different soil organic carbon than terrestrial forests. However, this present study has shown that the �oodplain forests and
adjacent grassland sites or even cropland site generated from the �oodplain forest can store more carbon stocks in soils than the terrestrial forest
ecosystems. 

We measured and accounted for deeper SOC and TN in this study. Accounting for the SOC and TN stocks of deeper soil layers in our study represents this
ecosystem service that forested wetlands provide. Especially, limiting carbon stock estimates to the upper soil pro�le of 0–30 cm vastly underestimates
wetland carbon and nitrogen storage capacity. Hansen and Nestlerode (2014) re�ected this in their study where they reported soil carbon densities to a depth
of 10–15 cm in the Gulf of Mexico coastal region of 34–47 Mg C ha−1. However, by assessing soils to 120 cm, Nahlik and Fennessy (2016) showed for the
coastal areas that SOC was greater than 340 ± 94 Mg C ha−1. Batjes (2011) reported for the forested wetland sites under native vegetation (0 to 120 cm
depth) that SOC stocks were 135 Mg ha-1 and 74 Mg ha-1 for warm temperate-moist and –dry climate regions respectively. We found that the highest SOC
stocks to a depth of 130 cm was in the grassland site, followed by alder >ash tree >oak >cropland > Calabrian pine > sand dune sites (Figure 5a). The highest
percent of TN stocks was found in alder site, followed by oak > grassland > ash tree > cropland > Calabrian pine > sand dune sites (Figure 5b). In general, the
higher SOC and TN under the �oodplain forest trees and grassland can be attributed to the addition of organic matter to the surface soil from above biomass
and �ne root density of naturally grown grasses and shrubs in grasslands or animal grazing (Wickland et al. 2013). Grazing on the open areas within the
�oodplain forests is widespread (Liu et al. 2009; Oates et al. 2008; Yao et al. 2010; Wickland et al. 2013). Our results show that grassland (natural/fallow) is
more bene�cial to surface OC storage than the terrestrial forest, forested wetlands or cultivated cropland. Previous studies also (Yeasmin et al. 2020; Jin et al.
2014; Don et al. 2011; Chen et al. 2007; Guo and Gifford 2002) revealed similar results with much higher SOC under tropical grassland than the adjacent
forests Lugo and Brown (1993). Tate et al. (2000) reported that OC storage in grassland soil was 13% higher than in forest and crop land soil. A review by
Conant et al. (2001) stated that SOC increased nearly 70% with the transformation of native rain forests to grassland. On the other hand, our results have
shown that conversion of the �oodplain forest to the cropland resulted in a signi�cant reduction in SOC and TN stock (alder site 405 Mg C ha−1 and 34.4 Mg N
ha−1 → cropland site 259 Mg C ha−1 and 23.2 Mg N ha−1). 

Higher total N in soils of the alder site could be related to the nitrogen-�xing ability of this tree species. Rothe et al. (2002) showed that soil total nitrogen
content was increased with the presence of nitrogen �xing species. Higher SOC and stocks in the �oodplain forests of our study are in agreement with the
previous studies which showed that forested wetland areas, for example riparian zones, can signi�cantly store more SOC than near terrestrial forests (Kern
1994; Davis et al. 2004; Ricker et al. 2013).  The upper 1.30 cm of �oodplain forest soils from our study contained 405 Mg C ha−1 while the average upland
SOC pool was only 162 Mg C ha−1 (Figure 5a). Floodplain forest ecosystems are more humid and distinctively biodiverse than the adjacent Calabrian pine
forest. Soil moisture and soil clay showed a positive correlation with SOC in our study indicating that wet and �ne textured soils typically contain more organic
carbon. Additionally, in the study area, it can be seen that organic matters on the upslopes can be delivered by hillslope erosion and debris �ows, which bury
organic matter under mineral sediment in the �oodplain forests. A number of researchers also stated that in riparian areas, the mosaic of organic carbon
distribution is due to the erosional and depositional disturbances, and partly through the redistribution of litter and POM by �uvial processes (Pinay et al. 1992;
McClain et al. 2003; Hall et al. 2009; Ramos Scharrón et al. 2012).

Conclusion
The results of the present study from Karacabey �oodplain region have shown that land use types, tree species, and soil depth signi�cantly vary soil organic
carbon and total nitrogen stocks. Floodplain forest ecosystems with thick litter layers and naturally grown grasses and shrubs in grasslands with the �ne root
density tend to increase SOC and TN, and result in storing more carbon and nitrogen and also provide better soil health and fertility for the restoration.
However, soil fertility decreases in the sand dune sites due to less organic matter inputs, and in the cropland sites due to intensive land management practices.
The results have also revealed that relative to the conventional soil carbon and nitrogen studies of 30-cm depth in terrestrial forest ecosystems, alluvial hydric
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�oodplain soils contain signi�cantly higher SOC and TN at the depths of 30 cm to 130 cm than the adjacent non hydric �oodplain soils. These results indicate
that deeper SOC and TN storage capacity of �oodplain forests should be taken into an account when �oodplain forest C and N stocks are estimated. As
shown in our study, below soil layers of the �oodplain forests can have substantial quantities of C and so the restoration and protection of �oodplain forests
should promote active C sequestration in the region.
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Figures

Figure 1

The location of the research area (▲) according to the grid system of Turkey (Henderson, 1961), and land-use types (Akay et al., 2017).
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Figure 2

Mean SOC stocks at each depth for the tree species and the land-use types. The bars without the same letter (the lower case letters) indicate the difference is
signi�cant (p < 0.001) with the soil depths and among the land-use types for each soil depth (the upper case letters).

Figure 3

Mean TN stocks at each depth for the tree species and the land-use types. The bars without the same letter (the lower case letters) indicate the difference is
signi�cant (p < 0.05) with the soil depths and among the land-use types for each soil depth (the upper case letters).
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Figure 4

The C–N ratios expressed as SOC/TN at each depth for the tree species and the land-use types. 

Figure 5

Mean SOC and TN densities with cumulative depth for the tree species and the land-use types. The error bars indicate the standard deviations of the means.
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Figure 6

The proportional distribution of SOC and TN with depth in the tree species and the land-use types. The error bars indicate the standard deviations of the
means.
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