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ABSTRACT

This study analyzes the relationship between the vertical distribution of root carbon and soil organic carbon
(SOC) content in the semi-arid grasslands of Olur sub-basin, Turkey. Three elevation levels and two
different aspects were selected. Root carbon (0-30 cm) and SOC (0-15 and 15-30 cm) were calculated in 44
sampling points and are analyzed on per ha basis. Simple regression equations were used to calculate the
relationship between SOC and root carbon at each site. A one-way ANOVA was conducted to try to answer
the research question. The results showed that the root carbon content generally increased with elevation
and the SOC content decreased as soil depth and elevation increased. There was asignificant relationship
between SOC and root carbon at all elevation levels. When all data pooled, SOC and root carbon strongly
correlated due to strong relationship between them (R?= 0.608). Moreover, sunny aspects stored more root

carbon and SOC than shaded aspects.
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INTRODUCTION

Grassland ecosystems are one of the most
important biomass sources on earth (40 %) and
are estimated to contain more than one-third of
the world’s carbon (C) reserves (Shantz, 1954;
Menke and Bradford, 1992; Scurlock et al.,
2002; Haferkamp and Macneil, 2004; Reynolds
et al.,2005; Mara, 2012). 30 % of world soil
carbon from a comparison of soil organic matter
(Batjes and Sombroek, 1997; Scurlock et al.,
1998), which play an important role in
regulating the global carbon cycle. The area of
Turkey’s grasslands is approximately 14,6
million hectares, covering 27 percent of the
country’s total land (Tuik, 2016b).

Soil organic carbon (SOC) can be both a carbon
sink and carbon source and has an important
role in the global C cycle within terrestrial
ecosystems(Wiesmeier et al., 2012; Jandl et al.,
2014; Li et al., 2013; Gray et al., 2015; Song et
al., 2016; Stockmann et al., 2013; Weissert et
al., 2016). Soil organic carbon (SOC) is portion
of soil organic matter (SOM) (Brady and Weil,
2002), which in practical terms is any material
from biota in soils excluding living plant roots.
It has a strong influence on soil quality, soil
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structure, water holding capacity, erosion rates,
the ecosystem and the climate (Torn et al., 1997,
Brady and Weil, 2002; Riston and Sochacki,
2003; Sanderman et al., 2010; Hoyle et al.,
2013). Stock of SOC are controlled by the
balance of carbon inputs from plant production
and outputs from decomposition (Jenny, 1941;
Schlesinger, 1997; Grego and Lagomarsino,
2008). The SOC content in soil promotes soil
health, plant growth, and production (Li et al.,
2013; Liu et al.,, 2015). Therefore, SOC is
fundamental to ecosystem services and plays an
important part in provisioning services (e.g.
food, fuel, fiber), regulating services (e.g.
climate and greenhouse regulation), cultural
services (e.g. recreation, ecotourism), and
supporting services (e.g. weathering, soil
formation, nutrient cycling) (Stockmann et al.,
2013; Gray et al, 2015; Adhikari and
Hartemink, 2016).

Soil organic carbon storage in the topsoil layer
is 1.5 times higher that of the total carbon
storage in the present natural vegetation and
crops (Sombroek et al., 1993; Grace, 2004; Lal,
2004). Many studies state that the majority of
SOC is found primarily between 0-30 cm
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because it is the most biologically active zone
(Zdruli et al., 2004; Jones et al., 2005; Wells et
al., 2011), andorganic carbon content decreases
with increasing depth from the surface
(Gaudinski et al., 2000; Wynn et al., 2004). The
amount of organic carbon stored in soil is
controlled by natural factors, such as parent
material, climate, topography and land cover, as
well as human-induced factors associated with
land use (Schils et al., 2008; Pifieiro et al.,
2010).

Studies on soil carbon have mainly focused on
SOC distribution (Tao et al., 2006), human
influences on SOC, such as livestock grazing
activities (Dong et al., 2005) andthe effect of
plant species (Li et al., 2003). Research on root
biomass has been poorly studied among the
reseachers, because of the lack of a simple and
effective method to accurately estimate root
biomass (McNoughton et al., 1998; Vogt et al.,
1998; Tiifek¢ioglu et al., 2002). A few studies
addressed how the patterns of root biomass were
shaped (Hu et al., 2005), the effect of the
environment on root biomass (Tao et al., 2006)
and the relationships between above-ground
biomass and root biomass (Wang et al., 1995;
Dinc, 2017) in the grasslands. Contrarily, root
biomass was accounted for a substantially
higher portion of total biomass in grasslands
(Jackson et al., 1996; McNoughton et al., 1998),
especially in the semi-arid grasslands

(Azarnivand, 2003) and was an important
component of ecosystem carbon stock (DeDeyn
et al., 2008).Generally, the relative proportion of
C storage by root biomass in arid ecosystems is
less than those of soil; however, it has an extra
importance because of its role in producing the
organic C that is stored in the soil (Northup and
Brown, 1999; Scurlock, 2002).To better
understand the effects of root biomass on soil
organic carbon storage, we examined 44
sampling plots along the Olur sub-basin within
Coruh River Basin, NE Turkey. We analyzed
the SOC and root carbon in the top 30 cm and
explored the relationships between the SOC and
root biomass.

MATERIAL AND METHODS

Study Area

The study area is located in Erzurum province,
Turkey. It stretches from 40° 44' 32" N to 42° 19'
50" E in Northeastern of Turkey (Figure 1) with
a total area coverage of 42105 ha. The area
covered with grassland (51%), degraded forest
(21%), productive forest (12%), crop field
(11%) and other land uses (5% for residential,
bare rock and water) (Dinc, 2017). The
topographic features in the Olur was quite
mountainous, steep slopes and changing very
quickly with average elevation of 1930 m. The
average slope is 32 % and the site generally has
a southern aspect.
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Figurel. Location of the study area with sampling sites.

The mean annual temperaturefor the last 17
years is 10,2°C and the mean annual
precipitation is 439,2 mm. The coldest month is
January, with a minimum temperature of —2,1
°C, and the hottest month is August, with a
maximum temperature of 22,7 °C. More than
65% of precipitation is concentrated in the
spring and summer months and the climate is

categorized as semi-arid. The weather data for
the study was obtained from the weather station
located in Olur. The most common soil types in
the sub-basin was brown forest soil, brown soil,
chesnut soil and high mountain grassland soil
(URL-1). The soil has sandy loam texture with
sand content of 68 %, silt content of 12 % and
clay content of 20 %. Electric conductivity
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(uS/cm) is 185 and the pH is 7,3 (Duman,
2017).

Three different elevation levels (1000-1500,
1500-2000 and 2000-2500 m) and two aspects
(shaded and sunny) were selected within the
study area. The dominant species were Agrostis
sp., Festuca sp., Veronica sp., Ajuga sp.,
Muscari sp., Cardamine sp., and Thyymus sp.
(Kocamanoglu, 2015).

Sampling and Measurement

Samples were collected in 2015 (from July to
September), we randomly distrubeted 44
sampling across the study area using data
management tool of ArcGIS 10.1™ (ESRI,
2010). They were stratified based on their
elevation and aspect classes.

To estimate root biomass, 196 root samples
were collected from soil depths of 0-30 cm in 44
sites, where most of the root biomass stored at

this level (Eissenstat and Yanai, 1997
Tufekcioglu et al., 2002; Li et al., 2011). The
soil was dug by steel cylinder with a diameter of
6,4 cm and a lenght of 30 cm (Figure 2a). Each
root samples were taken to soil laboratory of
Artvin Coruh University and then transferred to
plastic bottles and water added. They were
waited for one night to separate the soil from the
roots. Then, they were washed in order to
remove from the soil using a 0,2 mm-sieve.
Later on, the root were put into White cups and
dead pieces and the other matters were removed
with the help of a tweezer (Figure 2b). Finally,
these samples were oven-dried at 80 °C(24
hours) and weighed. After measuring biomass,
the carbon content within it, was calculated
using related conversion coefficients in the
literature. Lales et al., (2001)’ s carbon formula
was used for conversion.

Figure 2. Root sampling with a steel cylinder (a), washing and removing roots from soil (b).

In each sampling plot, 30-cm-depth soil profiles
were excavated, each seperated into two layers
with a depth of 15 cm to collect soil samples.
After being air-dried and sieved (using of 2 mm
mesh), the soil samples were carefully
handipicked to extract the surface organic debris
and fine roots for SOC analysis. The Walkley—
Black wet oxidation method was used to
determine SOC(Karla and Maynard, 1991).
Simple regression equations were used to
calculate the relationship between SOC and root
biomass for each site.

The dry weight of root and SOC were calcuated
in ton ha’. Linear regression was used to
transform the equations and the significance of
the coefficient (HO:a=0) was tested. Statistical
analyses were conducted by one-way ANOVA
and significant differences between means were

tested using the Tukey t-test. The significance
value (p) was chosen as to be between 0.05 and
0.01. SPSS 19.0 (SPSS, 2006) were used to
analyze the data.

RESULTS
Root Carbon

There was not a significant difference in root
carbon by elevation levels at the three sites (p <
0.01). Generally, root carbon increased with the
elevation (Table 1). On average, root carbon
amount of Olur sub-basin grassland were 1.83
ton ha™ (1000-1500 m), 1.95 ton ha™ (1500-
2000 m) and 2.09 ton ha™ (2000-2500 m). More
carbon stored in the sunny aspects than shaded
aspects (Table 1).

Soil Organic Carbon
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There was a significant difference in the amount
of SOC between elevation levels and soil depths
(p < 0.01). For all elevation levels, the SOC
content decreased asthe soil depth increased
(Table 1) and SOC decreased as the elevation
levels increased. Sunny aspects had more soil

organic carbon than shaded aspects (Table 1).
The SOC was greatest in the 0-15 cm depth, at
about 56% (1000-1500m), 58 % (1500-2000 m)
and 60 % (2000-2500 m) of the total SOC, and
it was lowest at 15-30 cm depth (Table 1).

Distribution of root carbon and soil organic carbon in the study area

Study Sites (m)
Depth (cm) Aspect 1000-1500 | 1500-2000 [ 2000-2500
Root Carbon (ton ha)
- Sunny 1.85+0.26° 1.97+0.49° 2.1+0.38°
¢ Shaded 1.81+0.28° 1.93+0.21° 2.0920.43°
Total 1.83+0.26° 1.95+0.36° 2.09+0.38°
Soil Carbon (ton ha™)
0-15 om Sunny 32.4+1.5° 31.5+1° 30.1+2.7°
¢ Shaded 32.1+2.1° 31+0.2° 29.03+4°
Total (0-15 cm) 32.3+1.7° 31.2+0.7° 29.6+3.2°7
1530 em Sunny 2542 22.8+0.2° 21.1435°
¢ Shaded 24.7+2.1° 21.9+0.8° 18.1+2.3°
Total (15-30 cm) 24.9+2° 22.3+0.7% 19.9+3.3°
Sunny 57.4+3.2° 53.7+0.4% 51.3+5.6°
Total (0-30 cm) Shaded 56.8+4° 534417 47.245.6°
Total 57.2+3.4° 53.5+1.3% 49.5+5.8°

Within columns, means+S.D. Different letters represent statistically significant at P<0.05 and P<0.01, n=44.

The results showed an significant relationship
between root carbon and SOC at all elevation
levels (Figure 3). According to the results, the
higher proportion of SOC stored in the surface
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layer and lower proportion in the deeper layers
of soil. With all data pooled, SOC and root
carbon strongly correlated, due to strong
relationship between them (R*= 0.608, Figure
3).

SOC = 13,368* Root Carbon + 28,73

R?=0.608

1.5 2 2.5 3

Root Carbon (ton ha)

Figure3. Relation between content of SOC and Root carbon at all elevation levels, n=44. The fitted regression

was SOC=13,368*Root Carbon+28,73 (R2=0.608).

DISCUSSION

Soil is the largest pool of terrestrial organic
carbon in the biosphere. It stores more carbon
than those of all plants and the atmosphere
(Schlesinger, 1997). SOC decreases with
increasing depth from the surface (Wang et al.,
1998; Gaudinski et al., 2000; Wynn et al., 2004)

according to the distribution of animal and plant
residue, agrees with the findings of other studies
(Wang et al., 1998).

SOC is mainly stored by roots and leached from
organic matter; since the percentage of organic
matter was low below 20 cm in depth (Zhang
and Gao, 2008), the SOC decreased as depth
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increased. The main source of SOC is
decomposing stalks, leaves, animal, and plant
residue (Zhang and Gao, 2008). In arid regions,
vegetation cover is low and thus falling leaves
are few. The main source of SOC was
decomposition of animal and plant residue (in
forest, grassland and crop fields), especially root
biomass. In semi-arid regions such as the study
area, root carbon is the largest percentage of
total carbon and the proportion of above-ground
carbon to total plant carbon is small(Dinc,
2018). Root and humus from the root residues is
the main source of SOC. In the present study, a
significant positive correlation found between
SOC and root carbon at all 3 elevation levels.
As soil depth increased, SOC content decreased
at all 3 elevation levels(Zhang and Gao, 2008)
and also SOC content decreased with increase in
the elevation. An accurate assessment of plant
roots is essential for understanding the role of
roots on C storage in the soil and the functioning
of the ecosystem. This knowledge gap increases
uncertainty in assessing the potential for C
sequestration in ecosystems (Chirinda et al.,
2011).

ACKNOWLEDGEMENTS

This study was partially supported by the Coruh
River Watershed Rehabilitation Project (2012—
2019). The authors would like to thank the
project funding agencies General Directorate of
Forestry (OGM) and the Japanese International
Cooperation Agency’s (JICA) managers and
staff for their contributions to the work.

REFERENCES

[1] Adhikari, K. & Hartemink, A. (2016). Linking
soils to ecosystem services—A global review.
Geoderma 262, 101-111.

[2] Azarnivand, H. (2003). Investigation of
botanical an eecological characteristics of
Artemisia sieberi and Artemisia aucheri in
southern aspect of Alborz, Ph.D thesis, Faculty
of Natural Resources, University of Tehran,
188 p.

[3] Batjes, N. H. & Sombroek, W.G. (1997).
Possibility for carbon sequestration in tropical
and subtropical soils. Global Change
Biol, 3 (1) (1997), pp. 161-173.

[4] Brady, N.C. & Weil, R.R. (2002). The nature

and properties of soils (No. Ed. 13).
PrenticeHall Inc.
[5] Chirinda, N., Olesen, JE. & Porter, J.R.

(2011).High root biomass for cereal crops
increases carbon sequestration in organic arable
systems. Proceedings: Organic is life -
knowledge for tomorrow, Vol. 1: Organic Crop
Production. 2011, pp. 36-39.

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

De Deyn, G.B., Cornelissen, J.H.C.& Bardgett,
R.D. (2008). Plant functional traits and soil
carbon sequestration in contrasting biomes.
Ecology letters, 11(5), pp. 516-31. Available at:
http://mww.ncbi.nlm.nih.gov/pubmed/1827935
2.

Dinc M. (2017). Determination and Modelling
of Above Ground and Below Ground Carbon
Contents in Forest, Grassland and Agriculture
Areas with Association by Using Satallite
Images in Some Sub-Basins of Artvin, Erzurum

and Bayburt, Dissertation, Artvin Coruh
University, Artvin, Turkey, p 232.
Dinc,M., Vatandaslar, C., Duman, A,

Tufekcioglu, M., Kucuk, M., Acikgoz Harsit,
C. & Tufekcioglu, A. (2018). Estimating
Biomass and Carbon Storage of Grasslands
Using Very High- Resolution Satellite Images
In The Coruh River Basin  (Northeastern
Turkey). Fresenius Environmental Bulletin.
Volume 27 - No. 8/2018 pages 5509-5519.

Dong, Q., Zhao, X. & Ma, Y. (2005). Effects
of Stocking Rate and Grazing Time of Yaks on
Soil Nutrient Contents in Kobrecia parva
Alpine Meadow. Chinese Journal of Ecology,
24(7): 729-735.

Duman, A. (2017). Determination and
Modelling of Soil Properties of Degraded
Forest and Grassland Areas in Some Micro
Catchments of Artvin, Erzurum and Bayburt
Using Satellite Images, Dissertation, Artvin
Coruh University, Artvin, Turkey, p 156.

Eissenstat, D.M. & Yanai, R.D. (1997). The
ecology of root life span. P. 1-60, in Advances
in Ecological Research, M Begon and AH
Fitter (Eds.). Academic Press. San Diego,
California, USA.

ESRI. (2010). ArcGIS for  Desktop.
Environmental Systems Research Institute Inc,
California.

Gaudinski, J.B., Trumbore, S.E., Davidson,
E.A. & Zheng, S. (2000). Soil carbon cycling in
a temperate forest: radiocarbon-based estimates
of residence times, sequestration rates and
partitioning of fluxes. Biogeochemistry 51:33—
69.

Grace, J. (2004). Understanding and managing
the global carbon cycle. Journal of Ecology,
92(2): 189-202.

Gray, J.M., Bishop, T.F. & Yang, X.(2015).
Pragmatic models for the prediction and digital
mapping of soil properties in eastern Australia.
Soil Res. 53 (1), 24-42.

Grego, S. & Lagomarsino, A. (2008). Soil
organic matter in the sustainable agriculture:
Source or sink of carbon? Transworld Research
Network 37/661 (2), Fort P.O. Trivandrum-695
023, Kerala, India.

International Journal of Research in Agriculture and Forestry V6 o 11 @ 2019 5



Relationships between Root - and Soil Organic - Carbon: A Case Study from Olur, Turkey

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Haferkamp, M.R. & Macneil,
M.D.(2004). Grazing  effects on  carbon
dynamics in the northern  mixed-grass

prairie. Environ. Manage. 33:5462-S474.
Hoyle, F. (2013). Managing Soil Organic
Matter: A Practical Guide. Kingston, ACT:
Central Queensland Soil Health.

Hu, Z.M., Fan, JW.& Zhong, H.P. (2005).
Progress on grassland underground biomass
researches in China. Chin J Ecol (in Chinese),
24(9):1095—1101.

Jackson, R.B., Canadell, J., Ehleringer, J.R.,
Mooney, H.A. & Sala, O.E. (1996). A global
analysis of root distributions for terrestrial
biomes. Oecologia 108: 389-411.

Jandl, R., Rodeghiero, M., Martinez, C.,
Cotrufo, M.F., Bampa, F., van Wesemael, B.,
Harrison, R.B., Guerrini, |I.A., deB Richter,
D.& Rustad, L. (2014). Current status,
uncertainty and future needs in soil organic
carbon monitoring. Sci. Total Environ. 468,
376-83.

Jenny, H.(1941). Factors of soil formation.
McGraw-Hill, New York, New York, USA.

Jones, R.J.A., Hiederer, R., Rusco,
E., Loveland, P.J. &Montanarella,L. (2005).
Estimating organic carbon in the soils of
Europe for policy support. Eur. J. Soil
Sci. 56 (2005), pp. 655-671.

Karla, Y.P.& Maynard, D.G. (1991). Methods
manual for forest soil and plant analysis.
Forestry Canada Information Report, Northwest
region, Northern Forestry Centre. NOR-X-319.

Kocamanoglu, B.E. (2015). Coruh Havzasinin
Bazi  Mikro Havzalarinda  Biyogesitlilik
Indisleri Ve Bunlarm Ustine Etki Eden
Faktorler. Yiksek Lisans Tezi, Artvin Coruh
Universitesi, Fen Bilimleri Enstitiisii, Orman
Miihendisligi Anabilim Dali. 75 page (in
Turkish).

Lal, R. (2004). Soil carbon sequestration to
mitigate climate change. Geoderma, 123(1-2):
1-22.

Lales, J.S., Lasco, R.D. &Geronimo, L.Q.
(2001). Carbon storage capacity of agricultural
and grasslands ecosystems in a geothermal
block. The Philippine Agricultural Scientist.
84(1): 8-18.

Li, Y., Zhao, X.&Wang, Q. (2003). The
Comparison of Community Biomass and
Environmental Condition of Five Vegetational
Types in Alpine Meadow of Haibei,
Qinghai  Province. Journal of Mountain
Research,21(3):257-264(Ch).

Li, X.J., Zhang, X.Z., Wu, J.S., Shen, ZX. &
Zhang, Y.J. (2011). Root biomass distribution
in alpine ecosystems of the northern Tibetan
Plateau. Environmental Earth Sciences. 64:
1911-1919.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

Li, M., Zhang, X., Pang, G. & Han, F. (2013).
The estimation of soil organic carbon
distribution and storage in a small catchment
area of the loess plateau. Catena 101, 11-16.

Liu, S., An, N., Yang, J., Dong, S., Wang, C.&
Yin, Y. (2015). Prediction of soil organic
matter variability associated with different land
use types in mountainous landscape in
southwestern Yunnan province, China. Catena
133:137-44.

Mara, F.P.O. (2012). The role of grasslands in

food security and climate change. Ann.
Bot. 110:1263-1270.
McNaughton, SJ., Banyikwa, F.F. &

McNaughton, M.M.(1998). Root Biomass and
Productivity in a Grazing Ecosystem: The
Serengeti. Ecology 79: 587-592.

Menke, J. &
G.E.(1992). Rangelands. Agric.
Environ.42:141-163.

Northup, B.K.&Brown, J.R. (1999). Spatial
distribution of soil carbon in grazed woodlands
of dry tropical Australia: tussock and inter-
tussock scales. In: Eldridge,D. Freudenberger,
D. (Eds), VI International Rangelands
Congress Proceedings, vol. 1. VI International
Rangelands  Congress  Proceedings  Inc.
Aitkenville, Queensland, pp. 120-121.

Pifieiro, G., Paruelo, J.M.& Oesterheld,
M.(2010). Pathways of grazing effects on soil
organic carbon and nitrogen. Rangeland
Ecology & Management, 63(1): 109-119.

Reynolds, C., Baas, B.S. & Mack, S. (2005)
Grassland and forage to improve livelihoods
and reduce poverty Pp. 323-
338 in McGilloway D. A, editor,
ed. Grassland: a global resource. Wageningen
Academic  Publisher,  Wageningen, the
Netherlands.

Riston, P. &Sochacki, S. (2003). Measurment
and prediction of biomas and carbon content of
Pinus pinaster trees in farm forestry plantation.
Forest ecology and management, 175,103-117.

Sanderman, J., Farquharson, R. & Baldock, J.
(2010). Soil Carbon Sequestration Potential: A
Review for Australian Agriculture. Canberra:
CSIRO Report.

Schils, R., Kuikaman, P.& Liski, J.(2008).
Review of existing information on the
interrelations between soil and climate change.
ClimSail, 1-208. [2008-12-16].
http://ec.europa.eu/environmtnt/soil/pdf/climsoi
I_report_dec_2008.pdf.

Schlesinger, W.H. (1997). Biogeochemistry, an
analysis of global change. Academic Press, San
Diego, California, USA.

Scurlock, J.M.O. &Hall, D.O. (1998). The
global carbon sink: a grassland perspective
Global Change Ecaol, 4 (2) (1998), pp. 229-233.

Bradford,
Ecosyst.

International Journal of Research in Agriculture and Forestry V6 e 11 e 2019



Relationships between Root - and Soil Organic - Carbon: A Case Study from Olur, Turkey

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

medium, provided the original author and source are credited.

Scurlock, J.M.O., Johnson, K. & Olson,
R.J.(2002). Estimating net primary productivity
from grassland biomass dynamics

measurements. Global Change Biology 8: 736—
753.

Shantz, H.(1954). The place of grasslands in
the Earth’s cover. Ecology 35: 143-145.

SPSS. (2006). SPSS 15.0 for Windows.

Statistical Package for the Social Sciences Inc,
New York.

Sombroek, W.G., Nachtergaele, F.O.& Hebel,
A, (1993). Amounts, dynamics and
sequestering of carbon in tropical and

subtropical soils. Ambio, 22(7): 417-426.

Song, X., Brus, D.J., Liu, F., Li, D., Zhao, Y.,
Yang, J. & Zhang, G.(2016). Mapping soil
organic carbon content by geographically
weighted regression: A case study in the Heihe
river basin, China. Geoderma 261, 11-22.

Stockmann, U., Adams, M.A., Crawford, J.W.,
Field, D.J., Henakaarchchi, N., Jenkins, M.,
Minasny, B., McBratney, A.B., de Courcelles,
V., Singh, K., Wheeler, 1., Abbott, L., Angers,
D.A., Baldock, J., Bird, M., Brookes, P.C.,
Chenu, C., Jastrow, J.D., Lal, R., Lehmann, J.,
O’Deonnell, A.G., Parton, W.J., Whitehead, D.
& Zimmermann, M.(2013). The knowns,
known unknowns and unknowns of
sequestration of soil organic carbon. Agric.
Ecosyst. Environ. 164, 80-99.

Tao, Z., Shen, C.&Gao, Q. (2006). Soil Organic
Carbon Storage and Vertical Distribution of
Alpine Meadow on the Tibetan Plateau. Acta
Geographica Sinica.

Torn, M.S., Trunbore, S.E.&Chadwick, Q.A.
(1997).Mineral Control of Soil Organic Carbon
Storage and Turn Over. Nature, 389: 170-173.

Tuik. (2016b). Bitkisel 0retim istatistikleri.
T.C. Basbakanlik, Tiirkiye Istatistik Kurumu,
http://www.tuik.gov.tr/PreTablo.do?alt_id=100
1.

Tiifek¢ioglu, A., Giiner, S., Altun, L., Kalay, H.
Z. & Yener, 1. (2002). Kayin ve ladin
mescerelerinde  ince  ve  kilcal  kok
biyokiitlelerinin karsilagtirilmasi, II.  Ulusal
Karadeniz Ormancilik Kongresi, Cilt II, S. 746-
751.URL-1. http://www.coruhhavzasi.com/13-
proje-uygulama-alanlari-genel.html.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Vogt, K.A,, Vogt, D.J. & Bloomfield, J. (1998).
Analysis of some direct and indirect methods
for estimating root biomass and production of
forests at an ecosystem level. Plant and Soil
200: 71-89.

Wang, Q., Zhou, X.&Zhang, Y. (1995).
Community Structure and Biomass Dynamic of
the Kobresia Pygmaea Steppe Meadow, Acta
Phytoecologica Sinica,19(3): 225-235.

Wang, Y., Chen, Z&Larry, T. (1998).
Distribution of soilorganic in the Major
Grasslands. Acta Phytoecologica Sinica,22(6):
545-551.

Weissert, L., Salmond, J. & Schwendenmann,
L.(2016). Variability of soil organic carbon
stocks and soil CO2 efflux across urban land
use and soil cover types. Geoderma 271, 80-90.

Wells, T., Hancock, G. R., Dever, C. &
Murphy, D. (2012). Prediction of vertical soil
organic carbon profiles using soil properties
and environmental tracer data at an untilled
site. Geoderma 170, 337-346.

Wiesmeier, M., Sporlein, P., GeuB, U., Hangen,
E., Haug, S., Reischl, A., Schilling, B., Liitzow,
M. & Kdgel-Knabner, 1. (2012). Soil organic
carbon stocks in southeast Germany (Bavaria)
as affected by land use, soil type and sampling
depth. Global Change Biol. 18(7), 2233-45.

Wynn, J. G, Bird, M.l. &Wong,
V.N.L. (2004). Rayleigh distillation and the
depth profile of 13C/12C ratios of soil organic
carbon from soils of disparate texture in Iron
Range National Park, Far North Queensland,
Australia. Geochimica et ~ Cosmochimica
Acta 69:1961-1973.

Zhang, H. &Gao, L. (2008).Relations between
the Root Biomass and Soil Organic Carbon and
Nitrogen of the Alpine Meadow at the Eastern
Margin of the Qinghai-Tibet Plateau. Journal of
natural science,Vol.13 No.3, 324-330.61(7):
720-728.

Zdruli, P., Jones, RJ.A. & Montanarella, L.
(2004). Organic Matter in the Soils of Southern
Europe European Soil Bureau Technical
Report. (Luxembourg: Publications Office of
the European Union).

Musa Dinc, Ahmet Duman, Aydin Tufekcioglu “ Relationships between Root - and Soil Organic -
Carbon: A Case Study from Olur, Turkey. ” International Journal of Research in Agriculture and Forestry,
6(1).pp 1-7.

© 2019 Musa Dinc. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any

International Journal of Research in Agriculture and Forestry V6 o 11 @ 2019 7


http://www.tuik.gov.tr/PreTablo.do?alt_id=1001
http://www.tuik.gov.tr/PreTablo.do?alt_id=1001
http://www.coruhhavzasi.com/13-proje-uygulama-alanlari-genel.html
http://www.coruhhavzasi.com/13-proje-uygulama-alanlari-genel.html

