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PREFACE I 

       

The Soil Science Society of Turkey (SSST) was founded by a leading of soil scientist Prof.Dr. Kerim Ömer 
¢aĵlar in 1964. The main objectives of SSST is to create a scientific atmosphere bringing scientists, 
reseachers and students related to soil science; to support knowledge and experience exchange and to 
increase scientific and public awareness in relation to the topics and problems threatening soil resources of 
Turkey. The SSST as a member of the International Union of Soil Science has more than 900 members. 
The organization of International Soil Science Congresses is a long established custom for the SSST. The 
10 International Congress held so far are listed below: 1st International Congress on Soil Science 1998, 
Izmir: 2nd International Congress on Soil Science 2000, Konya; 3rd International Congress on Soil Science 
2002, Çanakkale; 4th International Congress on Soil Science2004, Erzurum; 5th International Congress on 
Soil Science 2006, ķanlēurfa; 6th International Congress on Soil Science 2008, Aydēn; 7th International 
Congress on Soil Science 2010, Samsun: 8th International Congress on Soil Science 2012, Izmir: 9th 
International Congress on Soil Science 2014, Antalya and 5th Eurosoil Congress, 2016, Ķstanbul. 
 
The 10th International Congress on Successful Transformation toward Land Degradation Neutrality: Future 
Perspective was held at the Congresium in Ankara, Turkey, from June 17th to 19th, 2019. The congress was 
organized by Soil Science Society of Turkey (SSST), General Directorate of Combating Desertification 
and Erosion, and Konya Food and Agriculture University. Within the frame of 10th International Congress, 
we received more than 280 abstracts from 13 countries worldwide. After a rigorous evaluation process, 155 
of these were found to be eligible for oral and poster presentations during the congress. There were two 
plenary lecturers: Dr. Barron Joseph Orr, Lead Scientist of UNCCD, and Luc Gnacadja, Former Executive 
Secretary of UNCCD. In addition, young participants have been given an opportunity to express their views 
on the land degradation neutrality within a youth forum session, took part at the congress. SSST Board 
kindly consider that the oral and poster presentations, discussions and recommendations given during this 
congress would support valuable information to a broad group of soil scientists for their future activities. 
We would like to give special thanks to organizing committee for their excellent efforts to develop this 
Congress and additionally General Directorate of Combating Desertification and Erosion, Konya Food and 
Agriculture University, and Secretariat of the United Nations Convention to Combat Desertification 
(UNCCD) for the immense facilities they have.  
 
The scientific papers have been organized according to topics for the Congress Proceedings Book. The on-line 
version of proceedings is accessible at: https://soil2019.gidatarim.edu.tr/en and 
http://www.toprak.org.tr/tr/ . We would like to take this opportunity to express our thanks to all the authors 
for their efforts in the preparation of these excellent contributions.  

 

 

Prof. Dr. Ayten Namlē, President of SSST 

https://soil2019.gidatarim.edu.tr/en
http://www.toprak.org.tr/tr/
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PREFACE II  
 

 
 

Humanity depends on terrestrial ecosystems for survival. However, these ecosystems are facing big 

challenges and pressures to meet the needs of the developing world. More precisely, between 1998 and 

2013, around 20 per cent of the Earthôs vegetated land surface has shown persistent trends towards declining 

land productivityi. Today, about 14.5 hectares of forest are cut down every minuteii. The consequences are 

alarming: food insecurity, poverty, conflicts, reduced availability of clean water and increased vulnerability 

of affected areas to climate change. It is estimated that 1.5 billion people across the world are directly 

affected by deforestation and land degradation through reduced income or diminished food securityiii . 

Competition for the limited land and water resources is further intensified by the growing world population 

and increased competition over natural resourcesiv. 

By 2050, the world population is expected to reach 9.7 billionv, increasing pressure on land to meet the 

growing need for food. If we continue to apply conventional approaches to agriculture, the arable land will 

expand by 70 million ha globally, vimuch of it at the expense of the worldôs forests. 

Sustainable Development Goal (SDG) 15 urges us to ñProtect, restore and promote sustainable use of 

terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land 

degradation and halt biodiversity lossvii. At its heart is the concept of Land Degradation Neutrality (LDN), 

                                                
i JRC (2017): World Atlas of Desertification (WAD), forthcoming 3rd edition. 
ii FAO (2016a): Global Forest Resources Assessment 2015: How are the worldôs forests changing? Second edition. Rome, 978-

92-5-109283-5. 
iii  ELD (2014): Economics of Land Degradation (ELD) Initiative: A global initiative for sustainable land management, Available at:  

https://www.giz.de/fachexpertise/downloads/eld2014-en-eld-a-global-initiative-for-slm.pdf 
iv UNCCD (n.d.): Sustainable land management (SLM), Available at: http://knowledge.unccd.int/topics/sustainable-land-management-slm 
v UN Department of Economics and Social Affairs, Population Division (2015): World Population Prospects: The 2015 Revision, Key Findings 

and Advance Tablesô. Working Paper No. ESA/P/WP.241. 
vi FAO (2009): Global agriculture towards 2050, High Level Expert Forum: How to Feed the World in 2050, 12-13 October 2009, Rome. 

http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf 
vii United Nations, General Assembly resolution 70/1, Transforming our world: the 2030 Agenda for Sustainable Development, 

A/RES/70/1 (21 October 2015), available from undocs.org/A/RES/70/1. 

http://knowledge.unccd.int/topics/sustainable-land-management-slm
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which strives to achieve a balance between three processes: land degradation, land restoration and 

sustainable land managementviii .  

The twelfth session of the Conference of the Parties of the United Nations Convention to Combat 

Desertification (UNCCD COP 12) defined LDN as ña state whereby the amount and quality of land 

resources necessary to support ecosystem functions and services and enhance food security remain stable 

or increase within specified temporal and spatial scales and ecosystemsixò. 

An LDN approach upholds two complementary pathways of action: sustainable land management and 

ecosystem restorationx. It encourages countries to pursue an optimal mix of measures designed to avoid, 

reduce and reverse land degradation in order to achieve a state of no net loss of healthy and productive land. 

It also provides a useful framework for protection, sustainable management and restoration of forests. In 

this scope, Turkey, by 2030, will  increase her forest cover by 5 per cent by implementing afforestation and 

soil conservation projects on an area of 1.5 million ha. Turkey will also implement forest rehabilitation 

projects on an area of 1.5 million ha. To achieve her LDN targets that include forests, Turkey will invest 

USD 5 billion in these projects by mostly employing the poor and rural peoplexi. 

Preventing further deforestation and land degradation must become a priority if we want to make a 

transition to a more sustainable future. Learning to manage land and forest resources together will 

ultimately mean creating new jobs, providing food and water security, and making concrete contributions 

to the climate change mitigation and adaptation. 

I believe that the International Congress on "Successful Transformation toward LDN (Future Perspective)", 

which creates a unique platform by bringing broad groups of scientists, experts, policy makers and young 

researchers from different national and international institutions, will give us some tips on successfully 

transforming the agricultural and forest sector for LDN, and planning and sustainably managing the land 

and forest resources together. 

 

 

Özlem Yavuz 

Deputy General Director, 

General Directorate on Combating Desertification and Erosion 

                                                
viii  UNCCD (2016): A natural Fix: A Joined-up approach to delivering the global goals for sustainable development, Available at: 

http://www2.unccd.int/sites/default/files/documents/22042016_A%20Natural%20Fix_ENG.pdf 
ix UNCCD (2016b): Report of the Conference of the Parties on its twelfth session, held in Ankara from 12 to 23 October 2015 
x UNCCD (n.d.): Frequently Asked Questions: Land Degradaton Neutrality. Available at: 

http://www.unccd.int/Lists/SiteDocumentLibrary/FAQ/LDN.pdf 
xi Ministry of Forestry and Water Affairs (2016): The Land Degradation Neutrality National Report of Turkey, 

http://www.cem.gov.tr/erozyon/Files/yayinlarimiz/brosurler/LDNxTurkeyxReportxINGxEPSx9Aral%C4%B1k.pdf 

http://www.cem.gov.tr/erozyon/Files/yayinlarimiz/brosurler/LDNxTurkeyxReportxINGxEPSx9Aral%C4%B1k.pdf
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PREFACE III  

 

Dear Participants, 

 

The International Congress on "Successful Transformation Toward Land Degradation Neutrality: Future 

Perspective" was held in Ankara, Turkey, between 17 and 19 June 2019, marking the 25th anniversary of 

the United Nations Convention to Combat Desertification (UNCCD).  

 

On behalf of Konya Food and Agriculture University, as one of the co-hosted organizations of the congress, 

I would like to express with pleasure that the congress was a good opportunity to bring together senior 

scientists, academicians, experts, policy makers, young researchers and students from national and 

international institutions to analyse the current and future trends of soil and land resources, establish new 

policies based on the principles of Land Degradation Neutrality (LDN) and create a universal message for 

the sustainable use of soil and land resources. 

 

The main topics of the congress included: Successful transformations of agricultural and forest sectors for 

LDN, Integrated planning approaches for sustainable use of land/soil resource, Unlocking the investment 

for LDN, Role of gender in LDN to achieve the sustainable development goals (SDGs), and Sustainable 

value chains for LDN. Young scientists were also took part in the Youth Forum on ñLand Degradation 

Neutrality from Local to Global Scale.ò 

During the congress, the distinguished participants all over the world shared their research results and recent 

innovations in relevant fields. They also discussed the current problems and offer specific solutions in terms 

of LDN and other related subjects. I wish that this electronic congress proceedings will be useful for 

everyone who work in the related fields. 

 

As has already been known, the United Nations declared June 17 as ñThe World Day to Combat 

Desertificationò, with a decision taken in 1994 to draw attention and raise awareness on the risks of 

desertification and drought in the world. The World Day to Combat Desertification is celebrated every year 

by hosting a different country of the world. The ceremony, held in Ankara on June 17, 2019 under the 

auspices of the President of the Republic of Turkey, corresponding to the 25th year of the contract has also 

been a source of pride and honour for us. 

 

As a final point, I would like to thank to all those who has contributed to the congress in any way. 

 

Prof. Dr. Cumhur ¢¥KM¦ķ 

Rector of Konya Food and Agriculture University
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Changes in Soil Organic Carbon Following of Land Neutralization Studies in a 

Marginal Area   

Ahmet ÇELIK 1, Erhan AKÇA 2 

Abstract 

The most frequently used definitions for the future of humanity are the production potential of natural 

resources (soil and water), food safety, environmental degradation and climate change. The rehabilitation of 

degraded areas and the protection and sustainable use of natural resources are among the most urgent measures 

that humanity should take in order to improve above said issues. Adēyaman located in a semi-arid region of 

Turkey experienced land degradation and desertification phenomena due to overgrazing, deforestation, and 

population pressure. So, majority of its territory requires land degradation neutrality studies. In this study, the 

organic carbon contents of the samples taken from three different land used (with the majority of the marginal 

area) namely the forest, unprotected and protected pasture area where the last one is under protection for a 

period of ten years in an area of 125 ha were investigated for evaluating various land uses effect on soil carbon. 

The research area is composed of marl bedrock with steep slopes. Soils of the study area have clay loam texture 

with high lime content. Soil analysis revealed that organic carbon content increased in protected areas. In 

addition to organic matter increase, following the protection of the land, with the decrease of human pressure, 

the species, which is not seen outside the land, started to be seen.  

Erosion control studies, terracing and tree planting activities have affected soil-plant-water relationship as well 

as stabilized soil losses. Finally, it is suggested that even at very marginal lands with semi-arid climate land 

protection with basic activities revealed soilsô and plantsô strong resilience capacity.     

Keywords: Pasture, Marl Soils, Marginal Lands, Resilience 

1. Introduction  

Since 1950s population growth along with the availability of agricultural machinery marginal lands have been 

used for crop production and animal husbandry, which all leads degradation (Akça et al. 2016). FAO and ITPS 

(2015) reported that 20% of the cultivated areas, 30% of forests and 10% of grasslands are degraded. Thus, 

combatting to degradation and desertification studies accelerated in early 1980s (Kapur and Akça 2006). 

Turkey is one of the pioneering country in combatting desertification with projects initiated in late 1960s in 

Karapēnar (Central Turkey) (Ak­a et al. 2016). TEMA, which is one of the globally biggest NGO in terms of 

voluntary members, started soil protection studies following its establishment in 1992. The study represented 

here outlines the protection project achievement as of 2017which was started in 1998 in Adēyaman (SE 

Turkey) in a marginal land developed on marl soils (Figure1).   

 

 

                                                
1+ÁÈÔÁ 6ÏÃÁÔÉÏÎÁÌ 3ÃÈÏÏÌȟ !ÄąÙÁÍÁÎ 5ÎÉÖÅÒÓÉÔÙȟ !ÄąÙÁÍÁÎȟ 4ÕÒËÅÙ. ahmetcelik@adiyaman.edu.tr 
23ÃÈÏÏÌ ÏÆ 4ÅÃÈÎÉÃÁÌ 3ÃÉÅÎÃÅÓȟ !ÄąÙÁÍÁÎ 5ÎÉÖÅÒÓÉÔÙȟ 4ÕÒËÅÙ. eakca@adiyaman.edu.tr 
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Figure 1. The marl deposits of the project area 

2. Methodology 

2.1 Fact and Figures of the Project Area 

The study area is located in Kuyulu village on the south of Adēyaman Province covering an area of 200 ha 

(Figure 2). The protection project was initiated in 1998 with the cooperation of Southeastern Anatolian Project 

Administration and TEMA, and results presented in this paper manifested the soils status as of 2017 ie app. 

20 years of protection. As no soil samples were collected in the beginning project, unprotected site soils are 

used witness samples. The land was surrounded by wire and no human or flock was allowed to enter the 

protection site.  

The elevation of the project site is approximately 550-640m. The continental climate prevails in the region 

with an annual precipitation of 674mm. The free water surface evaporation is close to 2000mm (Bahadēr 2011).  

Natural vegetation is almost disappeared from the study area because of the intensive grazing and firewood 

around the Project Site. However, relatively dense dwarf shrubs, spurge, thistle that are drought-resistant 

thorny perennial plants were observed in the protected site (Figure 3). 

According to IUSS Working Group-WRB (2015), there two dominant soil types. One is CalcaricLeptosol with 

high erosion caused by previous misuses in the sloped (15% and over) land (Figure 2). Second is 

CalcaricFluvisol with low organic carbon and relatively fines texture than Leptosols.  
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Figure 1. Location of the study area 

 

Figure 2.Vegetation cover in protected area 

2.2 Methods 

Soil samples were collected from genetic horizons. Soils air dried and sieved for analyzed for their pH, EC, 

CaCO3, texture, cation exchange capacity, and organic matter by methods described in Soil Survey Staff 

(2011).  

3. Results and Conclusion 

The 20 years of protection of soils did not change soilsô pH, CaCO3 and texture (Table 1). However significant 

change is observed on soil organic matter content of protected sites even the achieved value is far below 

desired level of 3-5%. 
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Table 1. Soils physical and chemical properties in protected and unprotected zones 

P
ro

te
c
te

d
 a

re
a 

Soil Type and Land 

Cover 
Horizon 

Depth pH EC CEC CaCO3 
Organic 

Matter 
Texture (%) 

cm 1:1 dS/m 
cmol. 

kg-1 
% % Sand Silt Clay 

CalcaricLeptosol A 0-10 7,9 0,4 12 38 1,0 46 22 32 

Without vegetation CR 10-40 8,1 0,3 5,4 55 0,7 51 23 25 

CalcaricLeptosol A 0-9 7,8 0,5 11 37 1,6 45 24 31 

With vegetation C 9-37 8,3 0,4 5,7 61 0,5 53 23 24 

            

P
ro

te
c
te

d
 a

re
a 

Soil Type and Land 

Cover 
Horizon 

Depth pH EC CEC CaCO3 
Organic 

Matter 
Texture (%) 

cm 1:1 dS/m 
cmol. 

kg-1 
% % Sand Silt Clay 

CalcaricLeptosol A 0-8 8,1 0,3 10 36 0,8 43 25 32 

Without vegetation CR 8-42 8,3 0,4 5,4 56 0,4 41 28 31 

CalcaricLeptosol A 0-9 8,3 0,3 13 32 1,1 47 32 21 

With vegetation CR 9-35 8,3 0,3 5,8 58 0,5 48 28 24 

 

P
ro

te
c
te

d
 a

re
a 

Soil Type and Land 

Cover 
Horizon 

Depth pH EC CEC CaCO3 
Organic 

Matter 
Texture (%) 

cm 1:1 dS/m 
cmol. 

kg-1 
% % Sand Silt Clay 

CalcaricFluvisol A 0-14 7,9 0,3 27,7 34 1,2 44 23 33 

Without vegetation A2 14-38 7,8 0,4 29,3 33 0,7 38 24 38 

CalcaricFluvisol A 0-15 7,9 0,4 28,2 32 2,1 48 24 28 

With vegetation Bw 14-42 7,9 0,4 30,2 36 0,9 38 32 30 

            

U
n

p
ro

te
c
te

d
 a

re
a Soil Type and Land 

Cover 
Horizon 

Depth pH EC CEC CaCO3 
Organic 

Matter 
Texture (%) 

cm 1:1 dS/m 
cmol. 

kg-1 
% % Sand Silt Clay 

CalcaricFluvisol A 0-13 8,2 0,3 28,5 36 0,7 47 24 29 

Without vegetation A2 13-40 8,3 0,4 27,6 38 0,4 41 25 34 

CalcaricFluvisol A 0-15 7,9 0,3 29,3 33 1,7 42 28 30 

With vegetation Bw 15-39 7,9 0,3 28,7 37 0,6 44 27 29 

 

In areas outside the protected area, intensive grazing pressure is still in progress. As a result, the weak 

vegetation is removed and soil is transported by erosion. On the other hand, naturally occurring plants in the 

protection area relatively prevented erosion although vegetation is not very dense. The most significant 

development in the conservation area is the increase in the organic matter, which is the most important quality 
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criterion of the soils and therefore the carbon emission that leads to climate changes. Due to the fact that the 

main area of the conservation area is marl, the low number of plant nutrients causes these soils to have a very 

fragile structure.After conservation of the land, with the decrease of human pressure, species that are not seen 

outside the land are observed and the diversity of the plant species has increased. 20 years ago, while wildlife 

was limited in this area, it has become an area where partridge, fox, rabbit and other animals have 

survived.With the accumulation of knowledge gained in the field of conservation, the increase of genetic 

diversity will be an important source for scientific studies in national and international fields. Genetic diversity 

constitutes one of the main pillars of this project because there is no similar study area in the nearby region. In 

this context, the project area can serve as a genetic pool if protection continues. 
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Land Degradation Neutrality (LDN): Some Constraints to Put Conception into Practice 

and Recommendations to Eliminate Them 
 

Ahmet ķENYAZ 1 

 

Abstract 

Striving to achieve a Land Degradation Neutral World is one of the ambitious targets of the Sustainable 

Development Goal 15 called ñLife on Landò. As a custodian agency of Land Degradation Neutrality (LDN), 

the United Nations Convention to Combat Desertification (UNCCD) 12th Conference of the Parties (COP 12) 

defined LDN as ña state whereby the amount and quality of land resources necessary to support ecosystem 

functions and services and enhance food security remain stable or increase within specified temporal and 

spatial scales and ecosystemsò. The UNCCD Science Policy Interface (SPI) produced a report on ñScientific 

Conceptual Framework for LDNò that underlines main principles for the formulation and implementation of 

LDN. As of May2019, 122 countries have committed to setting LDN targets.  Turkey is one of the countries 

supporting and willing to participate to LDN Target Setting Programme. Its LDN targets were identified in 

ñTurkey Land Degradation Neutrality National Report 2016-2030ò. 

This article represents main principles of LDN and some bottlenecks in formulating national LDN targets in 

line with scientific conceptual framework and recommends some improvements for LDN target setting process 

accordingly. 

Keywords: Land Degradation Neutrality, Scientific Conceptual Framework for LDN, LDN Target Setting 

                                                
1Food and Agriculture Organization of the United Nations Sub-regional Office for Central Asia (FAO-SEC),Ankara, Turkey. 

Ahmet.Senyaz@fao.org 



 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

8 

 

Spatial Distribution of Soil Quality Indexes in Alaca Basin (Çorum) 

 

Ali ĶMAMOĴLU1, Orhan DENGĶZ2 

 

Abstract 

Soil is not only the main source of agricultural production, but it also serves as an important part of the 

terrestrial ecosystem. Soil quality, soil characteristics of the characteristics of the soil can contribute to how 

much it contributes to the nature of the soil and these properties are expressed. The aim of this study is to 

determine and map the spatial distribution of the basin soils using Geometric and Nemoro soil quality index 

models. The study was carried out in Çorum Alaca Basin, which is located in the northern part of the Central 

Kēzēlērmak Section of Central Anatolia Region. The total working area is 2754.5 km2. The research area consists 

of different morphological units ranging from 825 m to 1726 m. A total of 312 surface (0-20 cm) soil samples were 

taken at every 2.5 x 2.5 km intervals according to grid method in the study area. Some properties of soils were 

determined and geometric and nemoro soil quality index values of each point were calculated. The values of the 

sample points were calculated by using the appropriate interpolation methods. It is determined that the IDW 

conforms to both index models within the encapsulation models. According to the results of the geometric model, 

approximately 97% of the total area was of medium quality. In the Nemoro model, 81% of the area is defined as 

medium quality soils. It is concluded that the distribution is far from homogeneous. 

Keywords: Soil Quality, Interpolation models, Geometrik and Nemoro Models, Alaca Watershed 

1. Giriĸ 

Toprak sadece tarēmsal ¿retimin temel kaynaĵē olmayēp, sunmuĸ olduĵu hizmetlerle karasal ekosistemin en 

ºnemli bir par­asēnē da oluĸturmaktadēr. Dolayēsēyla sadece biyok¿tlesel ¿retimin deĵil, tarēmsal verimliliĵin 

de artērmasēnēn yolu topraktan ge­mektedir. Lewandowski ve Zumwinkle (1999), verimli bir toprak 

denildiĵinde topraklarēn organik madde ve biyolojik aktivitede y¿ksek d¿zeye, stabil agregatlara, makro ve 

mikro besin elementlerinin yeterli ve uygun oranlarda kºk bºlgesinde bulunduĵu, bitki kºklerinin kolaylēkla 

hareket edebildiĵi bir ortama, y¿zeyde suyun kolaylēkla infiltre olabildiĵi bir toprak yapēsēna sahip olmasēnēn 

akla geldiĵini bildirmiĸlerdir. Bu nedenle, s¿rd¿r¿lebilir toprak verimliliĵi a­ēsēndan toprak kalitesinin ºnemi 

büyüktür. Karlen ve ark. (1997) ve Shukla ve ark. (2006) gºre toprak kalitesi aslēnda topraĵēn fonksiyon 

gºsterme kapasitesini ifade etmektedir. Toprak kalitesi, topraĵēn sahip olduĵu karakteristik ºzelliklerin 

bitkisel ¿retime ne kadar katkē saĵlayabildiĵi ve topraĵēn doĵasēnda var olan bu özelliklere hangi oranda sahip 

olduĵunu ifade etmektedirler. 

Toprak kalitesi, hava ve su kalitesi gibi i­inde yer aldēĵē ekosistemin saĵlēĵēnē etkiler. Ancak, toprak olduk­a 

karmaĸēk bir yapēya sahip olduĵundan standartlarē belirlenmiĸ olan su ve hava kalitesine gºre tanēmlanmasē 

ve sayēsallaĸtērēlmasē zordur (Doran ve Parkin 1994). Bu nedenle; toprak kalitesi direkt olarak ºl­¿lememekte, 

ancak; s¿rd¿r¿lebilir tarēm ve ­evresel sistemler i­in ºnemli olan ve ºl­¿len bir kēsēm fiziksel, kimyasal ve 

biyolojik parametrelerle gºstergelerin sayēsallaĸtērēlmasē ĸeklinde deĵerlendirilebilmektedir (Karlen ve ark. 

                                                
1 &ÁÃÕÌÔÙ ÏÆ 3ÃÉÅÎÅȟ .ÅÖĥÅÈÉÒ (ÁÃą "ÅËÔÁĥ 6ÅÌÉ 5ÎÉÖÅÒÓÉÔÙȟ .ÅÖĥÅÈÉÒȟ 4ÕÒËÅÙȢ aliimamoglu@nevsehir.edu.tr 
2 &ÁÃÕÌÔÙ ÏÆ !ÇÒÉÃÕÌÔÕÒÅȟ /ÎÄÏËÕÚ -ÁÙąÓ 5ÎÉÖÅÒÓÉÔÙȟ 3ÁÍÓÕÎȟ 4ÕÒËÅÙȢ odengiz@omu.edu.tr 

mailto:author1@gidatarim.edu.tr
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1997). Bu nedenle kalite ºzelliklerinin bir gºstergesi olan topraklarēn ¿retkenlik kapasiteleri ya direk olarak 

sera veya tarla denemeleri sonucu veya dolaylē olarak, geliĸtirilen ­eĸitli modellemeler ile yapēlan 

hesaplamalar sonucu belirlenmeye ­alēĸēlmaktadēr. Son birka­ on yēlda, coĵrafi bilgi sistemi, jeoistatistik 

programlar ve sim¿lasyon modelleri gibi geliĸmiĸ bilgisayar programlarē, planlama s¿recinin hēz ve 

verimliliĵine katkēda bulunmuĸtur ve b¿y¿k miktarda bilginin hēzla iĸlenmesine izin vermiĸtir. T¿m bu 

geliĸmeler ile birlikte bazē verimlilik ve kalite modelleri geliĸtirilmiĸtir. 

¢alēĸmanēn amacē, ¢orum Alaca havzasēnda daĵēlēm gºsteren topraklarēnēn Geometrik (SQIg) ve Nemoro 

(SQIn) toprak kalite indeks modeller kullanēlarak, farklē enterpolasyon modeller yardēmēyla konumsal 

daĵēlēmēnēn belirlenmesi ve haritalanmasēdēr. 

2. Materyal ve Metot 

2.1 Araĸtērma Sahasē Doĵal Ortam ¥zellikleri 

¢alēĸma alanē Ķ­ Anadolu Bºlgesiônin Orta Kēzēlērmak Bºl¿m¿ôn¿n kuzey kēsēmlarēnda bulunmaktadēr. 

Araĸtērma sahasē Alaca havzasēnēn tamamēndan oluĸmaktadēr. Havzanēn idari sēnērlarēna bakēldēĵēnda g¿ney 

ve g¿neydoĵudan Yozgatôēn Sorgun il­esi sēnērlarēna girmekte, g¿neybatēdan ise Sungurlu sēnērlarēna 

girmektedir (ķekil 1). 

 

ķekil 1.  Araĸtērma sahasē lokasyon haritasē 

 

¢alēĸma alanēnēn toplam alanē 1656.4 km2ôdir. Araĸtērma sahasēnēn g¿ney kesimleri Bozok platosunun kuzeyidir. 

Yeĸilērmakôēn su toplama havzasēnda bulunan havza Kēzēlērmak havzasē ile sēnēr oluĸturmaktadēr. Sahanēn suyunu 

Alaca ¢ayē toplamakta ve bu akarsu araĸtērma sahasēndan ­ēkēnca ¢orum ¢ayēôna katēlmakta ¢orum ¢ayēôda ¢ekerek 

Irmaĵē ile birleĸmektedir. Alaca meteorolojik istasyonun verilerine gºre yēllēk yaĵēĸ miktarē 364.8 mm, en ­ok yaĵēĸēn 

ise Nisan (46.5 mm) ve Mayēs (54. 1 mm) aylarēnda d¿ĸt¿ĵ¿ gºr¿lmektedir. Alanēn yēllēk sēcaklēk ortalamasē ise 9.5 

ÁCôdir. En soĵuk ay Ocak (-1.8ÁC), en sēcak ay Temmuz ve Aĵustos aylarēdēr (20.1ÁC) (Tablo 1). 
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Tablo 1. Alaca meteoroloji istasyonu aylēk ortalama yaĵēĸ ve sēcaklēk deĵerleri (mm, ÁC) 

 
P: Yaĵēĸ, T:Sēcaklēk. 

 

2.2 Toprak Örnekleme ve Analiz Yöntemi 

Havza topraklarēnēn toprak kalite indekslerinin hesaplanmasē ve alan i­erisinde bu indekslerin 

daĵēlēmlarēnēn belirlenmesi amacēyla ArcGIS 10.2v enterpolasyon modelleriden yararlanēlmēĸtēr. Bu 

ama­la alandan grit yºntemine gºre her 2500 m aralēklarla toplam 312 y¿zey (0-20 cm) toprak ºrneĵi 

alēnmēĸtēr. 

 

ķekil 2.  Araĸtērma sahasēndan alēnan ºrnek noktalarē 

 

2.3 Parametrelerin Skorlanmasē ve Indekslerin Hesaplanmasē 

Toprak kalite indekslerine ait toprak ºzelliklerini birimsiz hale dºn¿ĸt¿r¿p 0 ile 1 deĵeri arasēnda 

skorlamanēn elde edilebilmesi i­in Tablo 2ôde verilen standart skorlama fonksiyonlarē (SSF) 

kullanēlmēĸtēr. Genellikle 3 adet skorlama fonksiyonu vardēr (Karlen ve Scott, 1994; Wymore, 1993). 

Burada, parametrenin y¿ksek skor deĵer elde etmesi toprak kalitesi ile parametre arasēnda pozitif iliĸki 

olduĵunu dolaysēyla pozitif SSF kullanēlēĸtēr. Diĵer durumda ise, iyi bir toprak kalitesinde d¿ĸ¿k deĵer 

istenen parametrenin elde edilmesinde negatif SSF kullanēlmēĸtēr. Ayrēca, Toprak kalitesiyle pozitif 

iliĸkili parametreler optimum SSF skorlama form¿l¿ ile belirlenmiĸtir (Armenise et al., 2013). Bu 

­alēĸmada, pozitif fonksiyon kil ve organik madde parametreleri i­in uygulanērken, kum, silt, USLE-K, 

hacim aĵērlēĵē, EC, kire­ i­in negatif skorlama fonksiyonu kullanēlmēĸtēr. Optimal aralēktaki parametreye 

yönelik skorlama fonksiyonu ise hidrolik iletkenlik ve pH parametreleri için uygulanmēĸtēr. Buna gºre, 

pH deĵeri 6.8 ile 8.2 arasē pozitif fonksiyon iken,  8.2 ile 8.6 arasē negatif fonksiyon olarak 

deĵerlendirilmiĸtir. Hidrolik iletkenlikte ise, 2.0 ile 10.0 arasē optimum fonksiyon ele alēnērken, 2 cm/h 

den az ve 10 cm/h ile 15.59 cm/h arasē negatif fonksiyon olarak deĵerlendirilmiĸtir. 

Çorum 

Alaca 

AYLAR   

O ķ M N M H T A E E K A Yēllēk 

P, mm 32.4 26.3 33.6 46.5 54.1 37.6 11.6 12.1 15.1 25.4 34 36.1 364.8 

T, oC -1.8 -0.7 4.1 9.4 13.6 17.4 20.1 20.1 16 10.8 4.7 0.4 9.5 
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Tablo 2. Toprak kalite indekslerine ait toprak ºzellikleri standart skorlama fonksiyonlarē 

Parametreler FT L U SSF 

Kum % N 16,04 93,03  

Ὢ ὼ ρ πȢω 

πȢρ
ὼ ὒ
Ὗ ὒ
ρ

πȢρ       
ὼ ὒ
ὒ ὼ Ὗ
ὼ Ὗ

 
Silt % N 3,55 37,33 

USLE-K N 0,01 0,14 

Kireç % N 1.0 48,53 

HA gr/cm3 N 1,27 1,6 

EC dS/m N 0,03 0,99 

Kil % P 2,74 62,82  

Ὢ ὼ πȢω 

πȢρ
ὼ ὒ
Ὗ ὒ
ρ

πȢρ       
ὼ ὒ
ὒ ὼ Ὗ
ὼ Ὗ

 

 

OM % P 0,21 6,62 

Hi cm/sa O 

L1 U1 
Ὢ ὼ πȢω 

πȢρ
ὼ ὒρ
ὒς ὒρ
ρ

πȢρ       
ὼ ὒ έὶὼ Ὗ
ὒ ὼ ὒς  

 

Ὢ ὼ πȢω 

πȢρ
ὼ Ὗρ
Ὗς Ὗρ
ρ

πȢρ       ὒς ὼ Ὗρ
Ὗρ ὼ Ὗς

 

2.0 100. 

L2 U2 

< 2 ile >10 15,59 

pH O 

L1 U1 

6,8 8,2 

L2 U2 

8,2 8,62 
FT: Fonsiyon t¿r¿, L: Minumun deĵer, U: Maksimum deĵer, N: Negatif, P: Pozitif, O: Optimum, SSF: Standart Skorlama Fonksiyon 

 

Toprak kalite indeks modelleri olarak Geometrik kalite indeksi (SQIg) ve Nemoro kalite indeksi (SQIn; Qin 

ve Zhao, 2000) eĸitliĵi kullanēlmēĸtēr. 

ὛὗὍὫЍὥρ ὼ ὥς ὼȣȢȢὥὲ 

ὛὗὍὲ 
ὖὥὺὩὖάὭὲ

ς
 ὼ 
ὲ ρ

ὲ
 

Burada; a: parametereye ait skor deĵeri, Pave: parameterelere ait skorlarēn ortalama deĵeri, Pmin: paremetre 

skorlarēnēn minimum deĵeri gºsterir. Toprak kalite indeksi deĵerlendirmesi ise Tablo 3ô de verilen sēnēf 

aralēklarē kullanēlarak yapēlmēĸtēr (Da Silva et al., 2015; INPE, 2001). 

Tablo 3. Toprak kalite indeks sēnēflarē 

Sēnēf Tanēm Ķndeks 

1 Çok kötü < 0.00 

2 Kötü 0.00-0.19 

3 Zayēf 0.20-0.39 

4 Orta 0.40-0.59 

5 Ķyi 0.60-0.79 

6 Çok iyi 0.80-1.00 
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2.4 Ķstatistiksel Analizler ve Enterpolasyon Yöntemleri 

Araĸtērma sahasēndan alēnan 312 toprak ºrneĵinde 10 adet topraklarēn fiziksel ve kimyasal ºzellikleri ve 2 adet 

toprak kalite incelenmiĸ ve bu ºzelliklerin tanēmlayēcē istatistiksel hesaplamalarē yapēlmēĸtēr. Bu analizlerin 

yapēlmasēnda SPSS 17.0 paket programē kullanēlmēĸtēr. 

Toprak indeks parametrelerinin deĵerinin alansal daĵēlēmēnēn belirlenmesinde en ­ok kullanēlan enterpolasyon 

yöntemlerinden IDW, RBF (Spline) deterministik yöntemler ile stokastik yöntemlerden de (temelde Kriging 

olarak da bilinmektedir) doĵal (ordinary), evrensel (universal), basit (simple) kriging yºntemleri kullanēlmēĸtēr. 

Yºntemlerin karĸēlaĸtērēlmalarēnda ºl­¿len deĵerler ve tahmin edilen deĵerler arasēndaki iliĸkiyi 

sorgulayabilmek, ºl­¿len deĵerlere en yakēn sonucu veren baĸka bir ifade ile yºntemler arasēndan en uygun 

olanēnēn se­ebilmek i­in literat¿rde farklē karĸēlaĸtērma yºntemlerinin dikkate alēndēĵē gºr¿lmektedir. Genel 

anlamda en yaygēn kullanēlan yºntemler; karesel ortalama hata (RMSE), ortalama mutlak hata (MAE), 

yºntemlerdir. Bu ­alēĸma i­in RMSE se­ilmiĸ ve jeoistatistiksel ­ºz¿mde kullanēlan 5 yºntem 

karĸēlaĸtērēlmēĸtēr. En d¿ĸ¿k RMSE deĵerini veren yºntem, en uygun yºntem olarak deĵerlendirilmiĸtir. 

RMSEônin hesaplanmasēnda form¿l kullanēlmēĸtēr. 

 

 

Eĸitlikte;  

 

iZ : tahmin edilen deĵer, *i
Z ºl­¿len deĵer ve n  ºrnek sayēsēnē ifade etmektedir. 

 

3. Bulgular ve Tartēĸma 

3.1 Çalēĸma Alanēn Topografik ¥zellikleri ve Arazi Kullanēmē Arazi ¥rt¿s¿ 

¢alēĸma alanēna ait farklē topoĵrafik ºzelliklerin ­ēkartēlmasēna yºnelik 1:25.000 ºl­ekli topoĵrafik harita CBS 

ortamēnda sayēsallaĸtērēlarak alana ait sayēsal eĸ y¿kselti, y¿kselti, eĵim ve kabartē gibi haritalarē 

oluĸturulmuĸtur (ķekil 3).  Araĸtērma sahasē 825 m ile 1726 m arasēnda deĵiĸen d¿z, engebeli ve daĵlēk 

alanlardan oluĸan farklē topoĵrafik yapēlardan oluĸmaktadēr. 

 

ķekil 3. ¢alēĸma alanēna ait eĵim ve y¿kseklik daĵēlēm haritasē 

n
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Araĸtērma sahasē eĵim haritasēna bakēldēĵēnda sahanēn ºzellikle g¿ney ve doĵu kesimlerinin daha eĵimli olduĵu 

gºr¿lmektedir. Y¿kselti arttēk­a topoĵrafyanēn eĵimi artmaktadēr. G¿neybatēda Ak­adaĵ ve ­evresi, doĵuda 

Toprakdede Tepesi ve çevresi, kuzeyde ise ¢orum depresyonu ile Alaca depresyonunu birbirinden ayēran 

B¿y¿kcamili ve Ķbrahimkºy¿ yerleĸmelerinin bulunduĵu sahalar ­alēĸma alanēnda en fazla eĵimin olduĵu 

yerlerdir. Ķbrahimkºy¿ônden g¿neybatē yºnl¿ devam eden Ezinepazar fayē boyunca eĵimli sahalar 

gºr¿lmektedir. Bu sahalarēn yanēnda ºzellikle Seyitnizam, B¿y¿kºz, Eymir, Kērēmºz¿ dereleri vadilerinde 

eĵim deĵerleri olduk­a y¿ksektir. Araĸtērma sahasēnda y¿zeylenen bazē formasyonlarēn diren­siz ve gevĸek 

yapēda olmasē vadilerin derine yarēlmasēna ve kēsa mesafede y¿kselti farkēna baĵlē eĵim deĵerlerinin y¿ksek 

olmasēna sebep olmaktadēr. Araĸtērma sahasēnēn genel eĵimine baktēĵēmēzda sahanēn yaklaĸēk % 70ôinin %3ô¿n 

¿zeri eĵimli, yaklaĸēk % 30ôunun ise d¿z ve d¿ze yakēn alanlardan oluĸtuĵu gºr¿lmektedir (Tablo 4). 

Tablo 4. Araĸtērma sahasē eĵim sēnēflarēnēn alansal ve oransal daĵēlēmē 

Eĵim Sēnēfē (%) Alan (km2) Oran (%) 

0-3 466.85 28.2 

3-12 874.01 52.8 

12-20 240.88 14.5 

20-35 73.67 4.4 

35+ 0.99 0.1 

Toplam 1656.4 100.0 

Araĸtērma sahasēnda arazi kullanēmē ve arazi ºrt¿ daĵēlēmē bakēmēndan incelendiĵinde meĸelik alanlar, mera 

sahalarē, daĵlēk alanlar, baĵ bah­e, ­ēplak kayalēk, sulu ve kuru tarēm alanlarē bulunmaktadēr (ķekil 4). Hakim 

arazi kullanēmē ise kuru tarēmdēr. 

 

ķekil 4. ¢alēĸma alanē arazi kullanēmē ve arazi ºrt¿ haritasē 

3.2 Toprak ¥zelliklerine Ait Tanēmsal Ķstatistikler 

Araĸtērma sahasēndan toplam 312 y¿zey (0-20 cm) toprak ºrneĵi alēnmēĸtēr. Bu noktalardan alēnan toprak 
ºrneklerinde yºntemde belirtilen analizler yapēlmēĸtēr. Toprak kalite indekslerine ait haritalarēnēn bu ĸekilde 
oluĸturulmasēnēn nedeni, ºzellikle farklē arazi kullanēmē ve arazi ºrt¿s¿ altēnda, havzadaki farklē 
topoĵrafyalarda meydana gelen toprak ºzellikleri ve kayēplarēnēn deĵiĸkenlik gºstermesidir. Bu ama­la, ºnce 
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toprak ºzelliklerinin tanēmlayēcē istatistikleri hesaplanarak normal daĵēlēma uygunluklarē Kolmogorov-
Smirnov testi SPSS (Karaatlē, 2010) ile kontrol edilmiĸtir. Araĸtērma sahasēndan alēnan toprak ºrneklerinin 
bazē fiziksel ve kimyasal analiz sonu­larēna ait tanēmlayēcē istatistikleri Tablo 5ô de verilmiĸtir. Tablo 5ô den 
gºr¿ld¿ĵ¿ ¿zere havza topraklarēnda, kum miktarē % 16.04-93.06, kil miktarē % 2.74-62.82 ve silt miktarē ise 
% 3.55-37.33 arasēnda deĵiĸmekte olup, h©kim b¿nye sēnēfē kil, killi tēn ve kumlu killi tēndēr. Topraklarēn 
tekst¿r bileĸenleri incelendiĵinde kil ve silt i­eriĵinin normal daĵēlēmlar sergilediĵi, kum i­eriĵinin ise saĵa 
­arpēk bir daĵēlēm sergilediĵi gºr¿lmektedir. En d¿ĸ¿k (6.80) ve en y¿ksek (8.62) deĵerlere gºre, nºtr ve 
kuvvetli alkali reaksiyon arasēnda deĵiĸen toprak pHôsēnēn sola ­arpēk daĵēlēm gºsterdiĵi gºr¿lmektedir. Havza 
topraklarēnēn %89.1 hafif alkali ºzellik gºstermektedir. Araĸtērma topraklarēnēn EC deĵerleri 0.03-0.99 dS m-

1 arasēnda deĵiĸmektedir. Ayrēca deĵiĸkenlik katsayēsē ­ok y¿ksek olan EC deĵerleri saĵa ­arpēk bir daĵēlēm 
göstermektedir. Deĵiĸkenlik katsayēsē y¿ksek olan ­ok d¿ĸ¿k ve ­ok y¿ksek kire­li ºzellikler gºsteren kire­ 
miktarēnēn saĵa ­arpēk bir daĵēlēm gºsterdiĵi gºr¿lm¿ĸt¿r. Havza topraklarēnda kire­ miktarē 0 ile 48.53 
arasēnda deĵiĸkenlik gºsterirken, topraklarēn %45.5ôi orta kire­li sēnēfēna girmektedir. Y¿ksek deĵiĸebilirlik 
gºsteren organik madde miktarēnēn 0.21 ile 6.62 arasēnda deĵerler gºsterdiĵi gºr¿lm¿ĸt¿r. Havza topraklarēnēn 
% 34.6ôsēnēn az, % 31.4ô¿n¿n orta derecede organik madde i­erdiĵi gºr¿lm¿ĸt¿r. Deĵiĸkenlik katsayēsē y¿ksek 
olan hidrolik iletkenliĵin saĵa ­arpēk daĵēlēm sergilediĵi gºr¿lm¿ĸt¿r. Topraklarēn en d¿ĸ¿k ve en y¿ksek 
deĵerleri 0.02ï15.59 (cm/h) arasēnda deĵiĸmektedir. Havza topraklarēnēn hidrolik iletkenliĵinin y¿zde oranēna 
baktēĵēmēzda ise % 47.4ô¿n¿n ­ok yavaĸ, % 16.7ôsinin yavaĸ, %2 4.7ôsinin yavaĸ ile orta, % 8.3ô¿n¿n orta % 
2.2ôsinin orta hēzlē ve % 0.6ôsēnēn hēzlē iletkenlik ºzelliĵi gºsterdiĵi gºr¿lmektedir. Ķnceleme alanē topraklarēnēn 
hacim aĵērlēĵē normal daĵēlēm sergilemektedir. 1.27 ile 1.60 deĵerleri arasēnda deĵiĸen hacim aĵērlēklarēnēn % 
83.3ô¿n¿n 1.32 ile 1.52 arasēnda deĵiĸtiĵi gºr¿lmektedir. Araĸtērma sahasē topraklarēnēn USLE-K faktörünün 
sola ­arpēk bir daĵēlēm gºsterdiĵi gºr¿lm¿ĸt¿r. En d¿ĸ¿k (0.01) ve en y¿ksek (0.14) deĵerlere gºre ­ok az 
aĸēnabilir ve orta derece aĸēnabilir deĵerler gºsteren USLE-K faktºr¿n¿n % 50ôsinin az aĸēnabilir sēnēfēna 
girerken, % 38.8ôinin ise orta derece aĸēnabilir sēnēfēna girdiĵi gºr¿lmektedir. Toprak fizikoïkimyasal 
ºzelliklerine iliĸkin ­arpēklēk katsayēlarē incelendiĵinde, normal daĵēlēmdan en uzak deĵer gºsteren toprak 
ºzelliĵinin hidrolik iletkenlik olduĵu, en yakēn deĵer gºsteren toprak ºzelliĵinin ise USLE-K faktºr¿ ºzelliĵi 
olduĵu gºr¿lm¿ĸt¿r. Toprak kalite modellerinin istatistik sonu­larēna gºre, SQIn en y¿ksek deĵeri 0.60 ve en 
d¿ĸ¿k deĵeri ise 0.30 olarak belirlenmiĸtir. En y¿ksek ve en d¿ĸ¿k deĵerler arasēndaki fark 0.29ôdur. Ortalama 
SQLn deĵeri ise 0.41ôdir. SQIg ise ortalama deĵeri 0.46 olup, 0.29 ile 0.64 arasēnda deĵiĸmektedir. 

Tablo 5. Araĸtērma sahasē toprak analiz sonu­larēnēn tanēmlayēcē istatistikleri 

  

n (örnek 

sayēsē) 

En d¿ĸ¿k ve en 

y¿ksek deĵer 

arasēndaki fark 

En d¿ĸ¿k 

deĵer 

En yüksek 

deĵer 
Ortalama 

Standart 

hata 

Standart 

sapma 

Varyans 

örnek 

SQIg 312 0,35 0,29 0,64 0,46 0,001 0,06 0,001 

SQIn 312 0,29 0,30 0,60 0,41 0,001 0,04 0,001 

Kil % 312 60,08 2,74 62,82 36,50 0,75 13,28 176,36 

Silt % 312 33,78 3,55 37,33 19,99 0,31 5,53 30,60 

Kum % 312 77,02 16,04 93,06 43,51 0,83 14,72 216,65 

pH 312 1,82 6,80 8,62 8,12 0,02 0,33 0,11 

Ec dS/m 312 0,96 0,03 0,99 0,23 0,01 0,12 0,01 

Kireç % 312 48,33 0,20 48,53 10,30 0,47 8,36 69,91 

OM 312 6,41 0,21 6,62 2,42 0,07 1,17 1,37 

HI cm/h 312 15,57 0,02 15,59 0,98 0,11 1,93 3,73 

HA g/cm3 312 0,33 1,27 1,60 1,42 0,001 0,07 0,01 

USLE-K 312 0,13 0,01 0,14 0,09 0,001 0,03 0,001 
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3.3 Enterpolasyon Modeller ve SQI Daĵēlēmē 

¢orum Alaca havzasē toprak kalite indekslerinin alansal analizi kapsamēnda 14farklē enterpolasyon yºntemi 

kullanēlmēĸtēr. Hangi daĵēlēmēn en doĵru olduĵunun belirlenmesi amacēyla her bir yºntemin RMSE deĵeri 

belirlenmiĸtir.  Yºntemlere ait RMSE deĵerleri Tablo6ôda verilmiĸtir. Tablo6ô da gºr¿leceĵi ¿zere en k¿­¿k RMSE 

deĵerini veren yºntemin IDWôe ait SQIg i­in 2ôinci ve SQIn i­in 1. modeller uygun olduĵu belirlenmiĸtir. 

Tablo 6. Enterpolasyon modeller ait RMSE deĵeri 

 

Enterpolasyon Modeller 

SQIg SQIn 

RMSE 

IDW (Inverse Distance Weighting)  

1 0,0569 0,0393 

2 0,0550 0,0396 

3 0,0584 0,0400 

RBF (Radial Basis Functions) 
Completely Regularized Spline 0,0588 0,0402 

Thin Plate Spline 0,0706 0,0476 

Kriging 

Ordinary Kriging 

Spherical 0,0561 0,0394 

Exponential 0,0562 0,0405 

Gaussian 0,0562 0,0394 

Simple Kriging 

Spherical 0,0556 0,0394 

Exponential 0,0556 0,0395 

Gaussian 0,0555 0,0395 

Universal Kriging 

Spherical 0,0561 0,0394 

Exponential 0,0562 0,0405 

Gaussian 0,0562 0,0394 

IDWôe ait 1 ve 2. modeller kullanēlarak araziden alēnan toprak ºrnekleri i­in her bir noktaya yºnelik olarak 

belirlenen SQIg ve SQn deĵerlerinin alansal daĵēlēmēnē Tablo 7ô de verilmiĸ ve daĵēlēmē gºsteren haritalar ise 

ķekil 5ôde gºsterilmiĸtir.  Tablo 7 anlaĸēlacaĵē ¿zere alanēn b¿y¿k bir ­oĵunluĵu her iki toprak kalite modelinde 

de orta kalite ºzellik gºsterdiĵi belirlenmiĸtir. Ayrēca, iyi kalitede toprak sēnēfē ­ok az miktarda (%0.1) SQIg 

belirlenirken, zayēf kaliteli toprak miktarē SQIn de %19 civarēnda olduĵu belirlenmiĸtir. 

Tablo 7. Araĸtērma sahasē SOI sēnēflarēnēn alansal ve oransal daĵēlēmē 

SQIn SQIg 

Sēnēf ha % Sēnēf ha % 

zayēf 52630,19 19,11 zayēf 8400,47 3,05 

orta 222827,3 80,89 orta 266811,5 96,86 

   iyi  245,48 0,09 

Toplam 165640 100 Toplam 165640 100 

 



 

 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

16 

 

 

ķekil 5. Toprak kalite indeks modellerine ait sēnēflarēn daĵēlēm haritalarē 
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The Monitoring of Turkey's Forest Lands within the Scope of Land Degradation 

Neutrality  

Ayhan ATEķOĴLU1 

Abstract 

Land resources provide food and materials, and the often overlooked. The worldôs population increases is 

increased demand for global Land resources. This situation revealed health and productivity of land and food 

safety. The aspirational goal of a land degradation neutral world, to be realized by reducing the rate of land 

degradation and increasing the rate of restoration of degraded land, was agreed at the Rio+20 Conference in 

2012. The planning should be essential that Land degradation neutrality (LDN). LDN and sustainable land 

management (SLM) should be evaluated together. The potential for LDN to facilitate the adoption and 

assessment of SLM is important. The most appropriate indicators and measures of LDN at global, regional and 

local levels can serve as a target and indicator of SLM. LDN is a simple idea and a powerful tool. It is based 

on better land management practices and better land-use planning that will increase foundation, economic, 

social and ecological sustainability for present and future generations. The United Nations Convention to 

Combat Desertification (UNCCD) one of the adopted following indicators (associated metrics) for LDN targets 

is trends in land cover (vegetative land cover). Forest is important land resources for monitoring of trend in 

land cover. The unplanned land use politics is negative affect forestlands and accelerate negatively effects of 

global climate change. At Identification of LDN indicators, Collect Earth methodology, tool of United Nations 

Food and Agriculture Organization (FAO), offers a new approach for Multi-purpose land monitoring and 

evaluation. The Collect Earth method directly and indirectly contributes to the determination of LDN indices 

using high and medium resolution satellite image data. In this study, Turkeyôs Forest area per 

Intergovernmental Panel on Climate Change (IPCC), the trend and change/conversion between 2000 and 2017 

years in forestlands, loss or greening forest detection in forestlands and forest area per land cover will be 

determined using Collect Earth methodology. 

Keywords: Turkey, Land use/cover change, Forest, Collect Earth 

1. Introduction  

Due to the amount of land in the world, there is a competition to control the supply and flow of land-based 

goods and services. However, when this competition starts to conflict, it contributes more to 

environmental/land degradation. The present findings show that 25% of all lands are highly degraded, 36% are 

moderately degraded, 10% are in stable condition, and 10% develops positively (FAO, 2011). Although the 

global vegetation efficiency is continuously decreasing, ñWhile the overall health and efficiency of land is 

decreasing, the demand for land resources is increasingò expression is the most important problem today. 

The major acquisition agreements forñRio Conventionsò (United Nations Framework Convention on Climate 

Change, The Convention on Biological Diversity, and United Nations Convention to Combat Desertification 

(UNCCD)), and sustainable land management (SLM).SLM was unique to many countries but it was approach 

that slowly process (Cowie et. al., 2018; Kust et. al., 2017; Schuster et. al., 2017). Therefore, in it was not 
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enough to some countries for prevent, mitigate and reverse land degradation. The concept of Land Degradation 

Neutrality; LDN (Figure 1) was first raised at the Rio+20 conference of the United Nations and recorded. (Lal 

et al.,2012; UNCCD,2012).  

This was urgent action plan.The purpose of the LDN,together with 15 of the Sustainable Development Goals 

(SDGs), ñProtect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, 

combat desertification, and halt and reverse land degradation and halt biodiversity lossò. In 2015 the twelfth 

Conference of Parties (COP 12) defined LDN as: óa state whereby the amount and quality of land resources 

necessary to support ecosystem functions and services and enhance food security, remain stable or increase 

within specified temporal and spatial scales, and ecosystemsô. 

LDN is a bi-directional approach that prevention of land degradation and recovery of degraded land. Therefore, 

the first occurrence should be the planning of land cover/use. ñAvoidance>Reduce>Reverseò hierarchy must 

be the main theme (UNCCD/Science-Policy Interface 2016). It is sub-indicators of UNNCD; 

ü Land cover and land cover change 

ü Land productivity 

ü Carbon stocks above/below ground (Figure 1) 

 
Figure 1.LDN concept (Orr et. al., 2017) (left); Indicator framework for monitoring and reporting on SDGôs 

15,3. (Source: UNCCD et. al., 2016) (right) 

Accurate and sensitive data are required for Land cover and land cover change, one of LDN Sub-Indicators. 

So simple ideas but effective methods should be considered. With the help of remote sensing data (especially 

satellite data), environmental and natural resources management, global and regional land cover/use changes 
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are implemented effectively. Remote sensing data provides fast, economical and up-to-date information on the 

earth and can be used in different application areas based on Geographical Information Systems (GIS) 

(Lillesand ve Kiefer., 1994; Ma et. al, 2001).Because the results of the ATD at the regional scale provide more 

effective results, high-resolution data and medium resolution data should be analyzed and evaluated together. 

High-resolution data gives more accurate numerical information. medium-resolution data is effectively used 

in mapping of large areas. In addition, it offers a very effective planning to use free global data with high 

accuracy and precision due to the lack of land data and achieve the findings of the ATS targets. 

In this study, Turkeyôs Forest area per Intergovernmental Panel on Climate Change (IPCC), the trend and 

change/conversion between 2000 and 2017 years in forestlands, loss or greening forest detection in forestlands 

and forest area per land cover will be determined using Collect Earth methodology. 

2. Material and Methods 

Turkey (77076 km² except water areas) was chosen as the study area. A total of 61685 plots (0.5 ha) were 

measured in the test area using Collect Earth methodology (Figure 2). Plot areas are systematically placed. The 

distances between the plot areas are approximately 3.2 km in East-West direction and approximately 4 km in 

North-South direction. Each plot was evaluated visually and graphically within the scope of Collect Earth 

methodology and interpolated to the entire study area. 

 

 

Figure 2.Distribution of plot areas within the study area 

 

In this study, Collect Earth software that allows use of Google technology is used (Figure 3). Collect Earth, 

which was first developed and used by Food and Agriculture Organization (FAO), is a software that experts 

and non-experts can use within the scope of land monitoring. Built on Google technology and with many 

interfaces, it provides access to open source and free satellite image (SPOT, Sentinel2, Landsat and MODIS 

etc.) via Google Earth, Bing Maps, Yandex Maps, Earth Engine, Timelaps, Open Street Maps etc. Most support 

software is available online for free from Google Earth, web browser and Open Foris Collect (Open Foris, 

2015). Bey et. al., 2016 and Bastin et. al., 2017 references can be examined for the methodology.  
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Figure 3. Open Foris Collect Earthmethodology 

3. Result and Conclusions 

According to the 61685 plot evaluation results using the Collect Earth method, according to the The 

Intergovernmental Panel on Climate Change (IPCC), the largest land class is Cropland of Turkey (25.6 million 

Ha; 33.2%). The other land classes are Forest Land (19.04 million ha; 24.7%) and Grassland (20.2 million ha; 

26.2%). According to the IPCC definition has a total of 19.04 million ha of forests in Turkey. According to 

Aridity Index, most forest areas (11.71 ha; %61.5) are located in semi-humid areas. According to this study, 

99.75% of Forests from year 2000 remained intact until 2017. A proportion of the others land (Cropland, 

Grassland, Wetland, Settlement, Other Land; total area: 47483 ha) has been noticed converted to Forest in this 

period. Similarly, A proportion of the Forest land (108750.7 ha) has been noticed converted to others land in 

this period (Table 1).  

Table 1. Land cover conversion in the 2000-2017 

Land cover conversion (ha); 

Gains 

Initial land use (2000) 

Current land use (2017) Forest Cropland Other land Grassland Settlement 

Forest 19000044 1250 16244 28739 1250 

Land cover conversion 
(ha);Loses 

Current land use (2017) 

Initial land use (2000) Forest Grassland Cropland Settlement Wetlands Other 

land 

Forest 19000044 38735 28739 19992 6248 14994 
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When the Greening/Desertification-Land degredation areas within the forest area were examined, the greening 

area was 989611 ha, desertification-Land degredation areas was 151190 ha (Table 2, Figure 3).  

Table 2. Greening and desertification trends in forestland 

1. Forest 

2.  3. Greening 4. Desertification 

5. Area (ha) 6. 989611 7. 151190 

 

 

Figure 3. Greening (Right) and desertification (Left) areas in forestland in Turkey 
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GIS-Based Decision Support for Water Table Monitoring Works 

Aynur FAYRAP 1, ķerife Pēnar GÜVEL 2 

 

Abstract 

Investigation of potential and quality of water resources, including land surveys and observations, online data 

supply techniques and office works is of great importance for sustainable water and soil resources management. 

The evaluation of historical development processes and future projections is possible through information 

systems that provide analysis of big data. Data stored in the computer environment in accordance with the 

design purpose through information systems can provide a dynamic archive at every stage of water structure 

projects. Geographic Information System (GIS) technique as a decision support tool is widely used in 

engineering applications in complex systems, including big data and is preferred due to ability to predict spatial 

and temporal changes during project management. The use of GIS technique, with its geographic analysis and 

geographic inquiry capabilities, provides preparing thematic maps. The evaluation of monitoring activities and 

engineering measurements, modelling of the distribution of water quality parameters, evaluation of water 

resources conservation works in river basin or sub-basin scales are possible by using GIS.In this study, 

contributions provided by GIS supported analysis within the scope of water resources management is evaluated 

in a general framework, and it is aimed to present the importance of GIS-based decision support in evaluation 

of water table level monitoring studies and operation works of water structure projects. 

Keywords: Irrigation Management, Water Table, Geographic Information System 
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Determination of Land Degradation in the Ceyhan Plain During Last 35 Years from 

Soil Data Base 

Batuhan KELEķ1, A.Oĵuz DĶN¢2, Yavuz ķahin TURGUT2, Suat ķENOL2 

 

Abstract 

Detailed soil survey of Ceyhan Plain has been completed between 1977 and 1982. During last 35 years 

irrigation and drainage projects implemented. Unavoidable result of that income of the farmers and population 

have been increased rapidly. 35 years ago, remote sensing and GIS techniques were not available too. 

Therefore, in this research, detailed soil map of the Ceyhan Plain digitized and from soil properties obtained 

its report soil data base performed.  Soil data belong to 642 mapping units having geographic locations from 

28 soil series were digitized and soil data were entered into the attribute table. Various maps such as; soil pH 

map, soil texture map of study area created and thus provided convenience information for users. Changes in 

the area of settlements from 1981 to 2015 that occupied agricultural land in the study area were determined. It 

is found that the total area occupied by settlement areas was 1.924 ha in 1981, but by the year of 2015 it reached 

an area of 3.361 ha with an increase of 93,61%. Due to increase in very productive agricultural land by increase 

of settlement areas, have been another indicator of soil degradation with human impact due to misuse of 

agricultural lands. 

Keywords: GIS, Ceyhan Plain, soil, soil information system, database 
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Effects of Land Degradation on Soil Organic Carbon and Nitrogen Contents in 

Mediterranean Region 

Bilal BORAN 1, Emre BABÜR2, Turgay DĶNDAROĴLU3 

Abstract 

Soil isone of the important carbon sequestration resources.Land degradation is the major causes for increasing the atmospheric 

carbon dioxide content by releasing the stocks held in the soil. Especially, land use change from forest to agriculture caused 

by human activities is one of the important reasons for soil carbon sequestration changes.However, the relationships between 

soil organic carbon and nitrogen stocks are not completely understood in degraded areas. For this, the study was carried out 

into degraded areas out of forest status (2B) and in adjacent agriculture and forest areas in the villages of Karaisali in Adana, 

where land use form has been converted from degraded forest into agricultural useaccording to the Forest Law No. 6831 

(2B).In this study 30 different land use locations were investigated. According to the results, the soil organic carbon (SOC) 

and total nitrogen (TN) were found highest in forest area (3.08% and 0.145%, respectively). The agriculture areas contain less 

SOC (1.48%) and TN (0.106%) compared to ñ2Bò areas (1.62% and 0.107%, respectively) and they are in the same group by 

Duncan test. Consequently, land degradation due to human activities have a negative impact on the amount of carbon and 

nitrogen stored in the soils. In the future, the impact of different land degradation processes on soil carbon dynamics and other 

soil properties will need to be further investigation. 

Keywords: Land degradation, forest, agriculture, soil organic carbon, total nitrogen, 6831(2B) 
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Assessing Desertification Through Soil Biological Monitoring 

Carlo JACOMINI 1, Marco Di LEGINIO 1, Francesco BIGARAN2, Cristina MANTONI 3,  

Anna LUISE1 

Abstract 

UNCCD defines desertification as ñthe degradation of land in arid, semi-arid, and dry sub-humid areas. It is a 

gradual process of soil productivity loss and the thinning out of the vegetative cover because of human 

activities and climatic variations such as prolonged droughts and floods. (...) Among human causal factors are 

overcultivation, overgrazing, deforestation, and poor irrigation practices. Such overexploitation is generally 

caused by economic and social pressure, ignorance, war, and drought.ò 

Desertification is therefore strictly related to global climate change and loss of biodiversity. Synergies between 

the three Rio conventions - the United Nations Convention to Combat Desertification (UNCCD), the United 

Nations Framework Convention on Climate Change (UNFCCC) and the Convention on Biodiversity (CBD) - 

are focusing more and more on soil processes and ecosystem services provided by soil biota (edaphon) to 

assess the impact of desertification processes and the efficacy of the measures undertaken to fight it. 

Soil biological monitoring offers a unique chance to coordinate activities related to environmental protection and 

natural resource management and to address the complementary nature of the three conventions at all levels. 

Biological processes are key factors to monitor effective soil degradation and desertification intensification, though 

up-to-now seldom soil monitoring programmes have used soil biological assays to assess these calamities. 

A review of the existing methodologies and recent updates on this issue highlight the huge potential role of 

using soil biological techniques on different processes and ecosystem services in the assessment of the 

desertification effects. Case studies on soil biological monitoring for the different soil threats, and the potential 

for rapidly inverting this situation, will also be discussed. 

Keywords: Soil Biological Monitoring, Desertification Assessment, Soil Threats. 
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Drought and LDN in the Rangelands of western NSW, Australia 

Deirdre DRAGOVICH 1 

Abstract 

LDN is an aspirational global policy initiative directed towards achieving land resource sustainability through 

balancing development and conservation. Although adopted and legislated national levels, effective 

implementation of LDN policy requires local actions and engagement for its realization. An essential 

component of the process is the monitoring and evaluating of actions and outcomes for varying existing land 

uses. Using a regional focus, potential responses to LDN objectives are here considered when management 

decisions may be constrained by drought. In the arid to semi-arid rangelands of western New South Wales 

(NSW), extensive commercial pastoralism is based on natural pastures. The rangelands experience variable 

rainfall, prolonged dry periods and serious droughts, leading to over-grazing and accompanying land 

degradation. Using continuous rainfall records available from 1892, median annual rainfall is 204 mm (ranging 

from 65.3 mm to 712.3 mm). Consecutive years with below median rainfall included the major óFederation 

droughtô of 1895-1905 (when sheep numbers dropped from about 15 million to 3 million in western NSW). 

Droughts continue to recur and a general increase in their intensity and frequency is predicted. National and 

State policy responses to drought-associated land degradation have included land capability assessment and 

assistance for local volunteer Land Care and Community Dust Watch groups. In NSW the recently- developed 

semi-quantitative tool of óLand Management within Capability (LMwC)ô provides a mechanism for 

identifying and monitoring land degradation at a State level; wind erosion is the key poorly-managed hazard 

in the rangelands. LMwC provides spatial identification of localized high-risk areas where educational and 

extension inputs would be valuable in attempting to reduce adverse impacts of existing uses on land resources. 

Achieving LDN in rangelands would involve reducing grazing pressure to encourage long-term vegetation 

recovery; possible options include transferring land to national parks, permanently reducing commercial 

livestock numbers or changing management strategies, effectively eradicating introduced herbivore 

competitors, or introducing costly rehabilitation programs.  

Keywords: Drought, land capability, erosion 
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Desertification in Tekirdaĵ Province: Land Concretization 

Duygu BOYRAZ ERDEM 1, Hüseyin SARI2 

Abtract  

Tekirdag is one of the most immigrant provinces of our country and Thrace Region.The biggest reason for 

such a huge metropolis as Istanbul is very close and is taking place in an area that connects Turkey to 

Europe.Thus, the region has become an important attraction center for investors and the investments started 

very quickly.In this process, it has caused rapid population growth. Along with the rapid migration, housing, 

living centers, public institutions, etc. as well as investments have increased the need for buildings.Cangir and 

Boyraz, in 1997, in the environment of the main roads in Thrace in agricultural land in the size of land use 

compared to 1985, summer tourism, cottage home, public investments, urbanization, industry, the average rate 

of increase in the soil industry 727.4% announced.In this study, it was aimed to reveal the dimensions of our 

lands that were lost in 1990, 2000 and 2018 in order not to come back with the concretization of the land by 

ignoring the desertification. 

Keywords: Desertification, Land Concretization, Migration  
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Determination of Suitable Micro Catchments for Organic Farming in Trabzon with 

Geographic Information System and Remote Sensing Techniques 

Elif ÖZTÜRK 1, Orhan DENGĶZ2 

Abstract 

Organic farming is a system that maintains balance in nature, provides continuity in soil fertility and life by 

controlling diseases and pests, and obtains optimum efficiency with optimum utilization of natural resources 

and energy. In organic agriculture, soil is not contaminated with pesticides and industrial fertilizers is desired. 

It is almost impossible to find suitable agricultural land according to these criteria. Turkey, as having extremely 

favorable climatic and soil conditions in terms of agricultural production as well with its rich biodiversity and 

land due to unaffected by pesticide and chemical fertilizer pollution of a large part is extremely suitable for 

organic farming. In parallel with developments in technology computer aided Remote Sensing (RS) and 

Geographic Information System techniques (GIS) are used extensively in agriculture today. From this point of 

view, purpose of this study was to determine suitable micro catchments for organic farming by using GIS and 

RS techniques in Trabzon Province located in the east of the Black Sea of Turkey. After removing forest, 

pasture, bare lands and also artificial areas such as settlement, road, industrial area and so on, 32 micro 

catchments were selected by considering of their arable land size using DEM by means of Hydrology Tools. 

Total 259 samples were collected from surface (0-20 cm) and subsurface (20-40 cm) depths to determine 

physicochemical properties, nutrient element status and heavy metal (HM) contents. Soils in the Province are 

generally light heavy textured, with acid reaction, salt-free, limeless and have medium organic matter values, 

low nitrogen, inadequate phosphorus and low potassium contents. According to the results, over threshold 

heavy metal contents of topsoil samples were determined in micro catchments located within the boundaries 

of Beĸikd¿z¿, ¢arĸēbaĸē, ķalpazarē and Akçaabatdistricts. Also Ni excess was determined in micro catchment 

coded as 12 located in Centre and Tonya districts. Excess of Cr was determined in micro catchments of 

¢arĸēbaĸē district. When the subsoils were evaluated, Cu excess was determined in the catchments coded as 6, 

14, 15, 19, 24, and 29 like point pollution. In both top and subsoils Ni and very few Cr and Cu elements were 

concentrated in the micro catchments in ¢arĸēbaĸē, Beĸikd¿z¿, ķalpazarē and Akçaabat districts located in the 

west of the Province. Heavy metal pollution was not determined in the other catchments.  
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Relationships Between Land Use Types and Soil Development in the Narman-Alabalik 

Micro -Catchment 

Emre ÇOMAKLI 1, Müdahir ÖZGÜL 2, Taĸkēn ¥ZTAķ3 

 

Abstract 

 

The need for determining the effects of land use types and changes on soil quality is essential because of the 

increasing pressure on natural resources. The objective of this study was to evaluate the effects of land use 

changes on soil development in the Narman-Alabalik micro-catchment. Soil formation and erosion conditions 

of soils developed on different physiographic land groups (terraces, foot-slopes and back-slopes) in forestland, 

pastureland and cultivated land were evaluated. Top soil (Ap and A) development and thickness, horizons and 

layers, and other profile characteristics were obtained in situ. Physical and chemical properties of soil samples 

collected from different horizons and layers wereanalyzed for comparing and evaluating soils under different 

land use types. Due to the improper management of agricultural lands without considering topography and soil 

characteristics, early and overgrazing of pasturelands and misuse of forestlands have led to deterioration of 

soil properties and weakening of pasture vegetation and forests. Erosion caused by the deterioration of forest 

vegetation and pasturelands lead severe sediment accumulation in terraces. Land use methods and measures 

for land degradation and erosion prevention have been proposed by evaluating the socioeconomic structure of 

the micro catchment. 

 

Keywords: Land use, physiography, soil degradation, erosion, Alabalik micro catchment 

 

1. Introduction  

 

Sustainable practices can halt the loss of forests, pastureland and agriculture areas. Anthropogenic impacts 

have important effects on land degradation (Baude et al., 2019). Misuse of lands has generally been considered 

a local problem, but it isday-by-day becoming a force of global importance. Land-use and land-cover changes 

are significantly affect soil behavior. The ecosystems is often modified by land use type, production practices 

and the land use intensity (Kasperson et al., 1995; Lambin et al., 2001).Such changes in land use have enabled 

humans to appropriate an increasing share of the land resources, but they also potentially undermine the 

capacity of ecosystems to sustain food production, maintain forest resources, regulate climate and air quality. 

Land use has also caused declines in biodiversity through the loss, modification of habitats and degradation of 

soil and water resources (Foley et al., 2005). 

 

The objective of this study was to assess and compare soil development in farmland, pastureland and 

forestlands in the Alabalik micro catchment regarding to land use changes. 
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2. Methodology 

 

2.1 Description of the Study Area 

 

This study was conducted in Alabalik micro catchment about 110 km north of Erzurum (40Á22ǋï40Á27ǋN and 

41Á49ǋï41Á58ǋE), Turkey. Totalarea of the study catchment is 2.895 ha. Annual rainfall averages 340.75 mm 

and is concentrated during the spring and summer (May-June). The dry season extends during winter 

(DecemberïMarch). Mean temperature of the warmest month (August) and coldest month (January) are 22.7 

and -4.2°C, respectively.The soils in the study siteare shallow, sandy loam textured, colluvial and alluvial 

material originated without salinity and sodicity problems. Soils are classified commonly in Inceptisol. 

Average slope is 39%, very steep. Minimal slope (3%) was found in agricultural lands and maximum slope 

(66%) was found in forestlands.Intense human activities and topographic factors have hampered the 

regeneration of existing residual vegetation on degraded reforested lands and pasturelands. The forests have 

been extravagant exploited to meet the increasing demands for firewood and timber materials. Dominant tree 

species Pinus sylvestris L. in the forestlands. The pastureland in research area are very degraded by 

overgrazing. Dominant species Festuca ovina and Astragalus sp. in the pasturelands.  

 

2.2 Soil Sampling and Vegetation Analysis 

 

Fifty surface soil samples (0ï30 cm depth) were collected from 4 different land use/land cover types(forest, 

plantation area, pastureland and cultivated fields). Each land use type were randomly sampled and mixed to 

obtain a composite sample that was sealed in a plastic bag. Soil samples were air dried for 24 h, sieved through 

a 2 mm mesh. For each soil sample, the following soil characteristics were measured: organic matter (SOM) 

by the wet method of Smith-Weldon(Nelson and Sommer, 1982), soil pH was determined in 1:2.5 soilïwater 

suspension, using a combination glass electrode (McLean, 1982), soil particle size analysis was done by the 

Bouyoucos hydrometer method (Gee and Bauder, 1986), CaCO3 contents by theScheibler calcimeter methot 

(Kacar, 1994) and soil EC was determined in saturation paste extraction, using a electrical conductivity 

instrument (Rhoades, 1982).  

 

3. Results and Conclusion 

 

The pH values of the forest, plantation area, pastureland and cultivated soils changed between 7.6 to 7.9 (Table 

1). Forest, grassland and cultivated sites did not show alkalinity problem. Soil pH and EC were highest in 

cultivated lands (7.9 and 0.72 dS m-1 respectively), and lowest in forest areas (7.6 and 0.50 dS m-1 respectively) 

within the catchment. Soil pH and EC were likely more regulated in the more conventional cultivated land uses 

from fertilizer additions. Brye and Pirani (2005), similarly concluded that soil pH and EC were generally 

greater under tilled cultivated than under native land use. On the average soil organic matter content was 2.9 

times higher in forestlands than that of cultivated land (Table 1). Similarly soil organic matter content was 4 

times higher inforestlandsas compared that of pastureland (Table 1). The differences in SOM between land 

uses indicated that in the cultivated land use in general, the SOM pool is less diverse with other soil nutrients 

than in the forestland. The reason for the lowest SOM in the pasturelands, is the over grazing of sloping 

areas.Soil tillage, overgrazing and land use change greatly influence on SOM content. CaCO3 content of the 

forest, plantation area, pastureland and cultivated lands varied significantly from 3.7 to 12.4%. CaCO3 content 

were highest in cultivated sites (12.4%), and lowest in the forestlands (3.7%) (Table 1). CaCO3 content was 

https://www.sciencedirect.com/science/article/pii/S0929139300001220#BIB20
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high at the cultivatedlands. Soils on limestone material are A-C horizon. Land use changes and management 

type, especially cultivation of deforested land rapidly diminish soil quality effects of misuse agricultural 

practices and overgrazing to pasture land. Land use changing resulted in deterioration of soil properties soils 

under forest and pastureland. As a result, degradation in soil quality may lead to a permanent reduce of land 

productivity.Overgrazing in the micro-catchment is very detrimental to soil fertility, resulting in a marked 

decrease in SOM contents. In the forest area, soils are systematically deeper in the pastureland and cropland 

positions compared. Despite differing types of managed land use type the micro catchment physiographic 

conditions region clearly had a greater influence. Results of this study demonstrate how the change of land use 

type, which constitutes the major differences between physiographic conditions that were investigated in this 

study, can have. Especially mismanagement can result in surface erosion at varying levels or quantities. Micro 

catchment are used for agriculture and livestock. Therefore, the local population needs to be developed 

economically to restore the natural balance in the micro-basin. To reduce erosion and sedimentation in micro 

catchment, management model that collaborates with native people should be using.  

 

Table 1.Some average physical and chemical analysis results of soil sample 
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How Can Land Use Planning Help to Reduce Flooding? 

Enis BALTACI 1, Ahmet DOĴAN2, Murat ARSLAN 3 

 

Abstract 

Flood disasters in Turkey are ranked as the issue among the natural disasters which is encountered frequently 

and have higher economic losses. The most important cause of floods is the deterioration of the natural 

equilibrium between soil-water-plant in the water collection zone at the upper parts of the basin. In addition, 

the change in the infiltration capacity of soil and soil cover associated with deterioration in land use due to 

rapid population growth increases the risk for future flood events. The most effective method of preventing 

flood is to take measures to restore the natural balance deteriorated in the water collection area. In other words, 

the planned use of land in a sustainable way is considered as an effective measure to prevent flood risk and 

reduce the loss of life and property. Regulation of land use planning at the local level supported by the increased 

knowledge of flood hazard is helpful to secure resilience to flooding. Hence, the systematic assessment of land 

and water potential and planning the most applicable land use options in the region can reduce the future risk. 

In consequence, it is necessary to establish the flood characteristics of the basins, to ensure their sustainable 

management and to determine the best land use options. It is also essential to develop and implement 

mathematical simulation models in order to quickly understand the short and long-term effects of changes in 

land use for the sustainable management plan of the basin. 

In this respect, the Hydrological-Hydraulic Flood Model (HHFM), which is a GIS based, flexible, user-

friendly, and grid-based, has been developed by the Ministry of Agriculture and Forestry that is applicable for 

Turkey. With this model, scenarios can be created on the investment decision, timing, cost-benefit analysis and 

estimation of the effects of the parameters with limited information, which should be made for the works to be 

carried out on the land. The scenarios created by this model will provide an opportunity to create a basis for 

the integrated planning approaches for the sustainable use of soil and land resources. 

Keywords: Land Use Planning, Flooding, Flood Modeling, Sustainable Basin Management 
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Measuring and Assessing Soil Organic Carbon to AchieveLand Degradation Neutrality 

in Kyrgyzstan 

E. BAIBAGYSHOV 1, J. WALTER 2, U. KASYMOV 3, J. ZEITZ 2 

Abstract 

In Kyrgyzstan, desertification and climate change increase the exposure of mountain areas to multiple natural 

hazards and extreme events such as storms, landslides, avalanches, droughts and land degradation. 

Furthermore, population growth and an ever-increasing demand for land resources, and unsustainable land use 

and management are of great concern. This increases environmental uncertainties and hamper the development 

of the region. Responding to the dire need for mitigation of climate change and addressing the current land 

degradation problems, the Kyrgyz government in cooperation with international development agencies has 

been preparing the National Climate Change Communication, which includes the assessment of state the of 

soil organic carbon (SOC), which is alsoa key indicator of the Land Degradation Neutrality (LDN) agreement. 

This agreement is signed by the Kyrgyz government in the context of the sustainable development goal (SDG) 

15.3. However, a proved and validated monitoring system including the measurement and upscaling of SOC 

is still missing in the Kyrgyzstan. To support this process, we develop innovative ideas for the SOC 

measurement and assessment methodology that builds on existing knowledge and incorporates the relation to 

the land cover and land productivity indicators. The methodology has been developed in a participatory and 

iterative process by Kyrgyz and German partners and will improve our knowledge and itôs governance to 

support the evidence-based decision-making to combat desertification and mitigate climate change at the 

national level. 

Keywords: Climate Change Mitigation, Soil Organic Carbon, Assessment, Land Degradation Neutrality, 

Kyrgyzstan. 

1. Introduction  

The impact of desertification and climate change on mountain areas is of key concern in the global climate 

change agenda as mountains supply freshwater to half of the world's population. Desertification and climate 

change increase the exposure of mountain areas to multiple natural hazards and extreme events such as storms, 

landslides, avalanches, and rockfalls(Kohler et al. 2010).In Central Asia, including Kyrgyzstan, mountainous 

ecosystems are vital to provide essential goods and services to the local population and control the water regime 

in the region(CEPF 2017; Hagg et al. 2013; Ibele, Fabian, and Donga 2012; World Bank 2015)Due to climatic 

and topographic conditions mountain areas of the region have a high degree of vulnerability to climate change, 

desertification and an increase of natural disasters as the region has limited resources to respond appropriately. 

The negative effect on local economies as well as on individual households and livelihoods is severe and is 

expected to rise even if global temperature remains below the target of a 2°C increase (Reyer et al. 2017). 

Floods, landslides and droughts increase environmental uncertainties and hamper the development of these 

regions. 
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Furthermore, Kyrgyz land users and decision-makers are not yet sufficiently aware of the environmental 

problems, and this is not only due to a lack of specific knowledge but also to a general attitude towards 

environmental issues since the collapse of the Soviet Union. The main problems are current land use and 

pasture management as the use of arable land is predominantly determined by economic considerations. At 

both national and local level, knowledge, planning and resource management skills are not sufficient to 

implement ecosystem-based, climate-adapted land use. 

On the one hand, to address climate change and desertification, there is a lack of evidence-based and adapted 

instruments for inventorying and evaluating carbon-rich soils and land use systems. Due to the absence of the 

baseline values (actual state), assessments of changes in carbon stocks and the greenhouse gas emissions based 

on them are challenging tasks. A transferability of results into the international context is very difficult, since 

the method of soil classification used in Kyrgyzstan is not internationally connectable and knowledge on 

methods of C-evaluation has not been updated - they correspond to the state of the art from Soviet times. Data 

on the carbon stocks of soils obtained so far are underdeveloped compared to the international standard. 

Information on the distribution of land use categories is only available analogously; knowledge on GIS-based 

data management is very limited. 

One the other hand, the institutional framework for reporting on the inventory of carbon stocks and greenhouse 

gas emissions is missing. The capacity of state organizations in the field of climate protection is insufficient to 

carry out a structured, comprehensible inventory of carbon stocks in land use. The state organizations are 

underdeveloped in terms of their expertise and personnel, responsibilities are unclearly distributed, rights and 

duties of the individual hierarchical institutions are not clearly anchored. A lack of horizontal integration 

hampers a transparent flow of information. Due to a lack of feedback to the institutions that collect the data, 

their employees are not sufficiently motivated. There is a complete lack of facilities for advice and monitoring 

in order to make effective use of the potential sink functions in land use and to avoid emissions. 

To address this problem, the ñCARB-ASIA1ò projectteam supports the development of a scientifically sound 

method for assessing the carbon storage of soils in various categories of land use in Kyrgyzstan that is adapted 

to international standards. 

2. Institutional Framework  

At the international level, Kyrgyzstan is a signatory to various international agreements aimed at minimizing 

greenhouse gases (especially CO2) and sustainably protecting natural carbon stocks (Kyoto Protocol, United 

Nations Framework Convention on Climate Change, Sustainable Development Goals (SDGôs)). To protect 

natural SOC stocks, Objective 15.3 of the Land Degradation Neutrality (LDN) is of central importance within 

the framework of the SDG's objectives. In order to monitor and manage the LDN it is necessary that the 

member states establish a reasonable baseline (evaluation of the actual state) for the current situation of land 

degradation. Subsequently, they are urged to report at regular intervals (e.g. every 4 years) about the changes 

in land degradation (positive or negative) until 2030 (Orr et al., 2017). 

At the national level, there are efforts made by the development agencies (e.g. UNDP, FAO and GIZ) that led 

to the initial activities in this direction. A group of experts was set up to assess the institutional and methodical 
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conditions in Kyrgyzstan to meet the obligations of the LDN agreement - the 15.3 Target "Land Degradation 

Neutrality" under Kyrgyz conditions in 2017. The first results were presented and discussed at the workshop 

in Kyrgyzstan (Bishkek, 21.01.2018). The experts confirm the gaps mentioned above by stressing that there is 

no systematic measurement and data analysis of SOC, and suggested that Kyrgyz methods should be further 

developed and tested. 

3. Adaptation of LDN methodology and methods to Kyrgyzstan 

Three indicators for the state of land degradation have been defined in the LDN methodology by the UNCCD: 

land cover, land productivity and soil organic carbon (SOC) in the upper 30 cm of the soil. An LDN is only 

achieved if none of the indicators shows negative changes, regardless of whether another indicator shows 

positive trends, i.e. a positive change in one indicator cannot compensate for a negative change in another 

indicator. 

A method will be developed for evaluating national carbon stocks in soils, which meetsinternational standards 

and uses previous Kyrgyz technical data on the basis of a translation routine (hybrid method). This method 

will be exemplary implemented in theproject regions (selected representative units) in Kyrgyzstan. 

The focus is the SOC in the upper 30 cm, which is the part of the soil strongly influenced by agriculture. For 

land cover and land productivity it is advisable to use the global default data supplied by the UNCCD, this is 

also their recommendation, since (a) it is already a matter of deriving certain classes, which are also to be 

reported on, and (b) deriving these two parameters from satellite data is very useful.Six land use categories 

specified by the UNCCD for LDN are quite rough, but since they are aggregated classes from originally 22-36 

classes, the differentiated data could also be considered. For the determination of the SOC it is important to 

show which factors determine the SOC content (Fig. 1): land cover/use, soil type (especially texture), 

topographic position (corresponds to climatic influence, i.e. altitude, exposition and slope), management 

(difficult as no data is available). 

 

 

Figure 1. Factors determining the SOC 

Based on this, representative units are to be selected for the field investigations. The aim is to cover the 

variability in the SOC via the representative units and to measure repetition of these units. Furthermore, the 

spatial variability in SOC will be considered within these units, i.e. in the result there are several values for a 
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unit with e.g. certain land use, soil type and height, so that mean values and uncertainties can be calculated. 

The disclosure of the SOC with uncertainties is fundamental if the changes are to be reported, because only 

then it can be stated whether a change is significant or within the range of the error. 

This approach is also useful to investigate the influence of individual parameters on SOC. For instance, if 

different land uses are measured on the same soil types and vice versa. So, it can be definedwhether land 

use/soil have a significant influence on SOC or not, if the other factors remain constant in each case. In 

particular, pasture land must be included, because this is a use that is particularly affected by degradation in 

Kyrgyzstan, which would perform poorly in the land productivity category and would probably require the 

greatest action.What is innovative about the project approach is the inclusion of the already existing regional 

soil data and research methodsavailable in Kyrgyzstan. This is a prerequisite for the acceptance of the method 

by national experts and responsible organisations. 

4. Expected Results 

The project was started in November 2018 and the Kick of Meeting have been organised in March 2019 with 

the objectives to launch the project and exchange ideas and experiences regarding the potential directions in 

which the method will be developed, as well as the organizational and institutional framework that will be 

adapted. The field work to collect empirical data is planned for summer 2019. The following results are 

expected in this project: 

- For representative project areas in the high altitudes and valleys of Kyrgyzstan, the organisational and 

institutional framework conditions for transparent and comprehensible LDN reporting and inventory are 

proposed. Recommendations for official responsibilities of the specialist capacities have been developed so 

that reporting can be carried out on the basis of an updated, scientifically sound method, the use of which is 

anchored in administrative regulations. 

- Kyrgyz experts responsible for reporting on greenhouse gas emissions and LDN have been trained and have 

improved knowledge of the C-balancing methodology for different categories of land use. 

- A set of rules for the implementation of the assessment tool and the application of the results for reporting 

is available. 

- Material for the multiplication of the evaluation method and proposals for the institutionalized 

implementation in national and regional administrations and educational institutions is available in the 

national languages (Kyrgyz and Russian) digitally and analogously. The evaluation method and its 

application for reporting is also known at research institutions and universities and is used in current research 

work. 
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Variation of Aggregate Stability and Mean Weight Diameter of Soils Developed 

onNorth-western and South-easternToposequence 

Fikret SAYGIN 1, Orhan DENGĶZ2, Serkan Ķ¢1, Murat BĶROL1 

Abstract 

The aim of this study is to examine the changes and water resist aggregate stability (WRAS) and mean weight 

diameter (MWD) of soils developed on the different parent materials (marl, colluvium and alluvial), land form 

(flat on hill, back slope, footslope and flood plain), elevations, land cover and land use under semi-humid 

climatic conditions. In this context, four soil profiles were selected on northwestern and 

southeasterntoposequence and examined. According to Newhall simulation model, soil moisture and 

temperature regimes of the study area are Typic Xeric and Mesic, respectively. The study results showed that 

the lands located on back slope and flood plain were classified in the Lithic Xeroorthents and 

VerticXerofluvent subgroup of the Entisol order, while the lands on the flat on hill and footslope fields were 

classified as TypicHaplustert, and TypicCalcixerept, belonging to the Vertisol and Inceptisol orders. The 

formation of different soils on the northwestern and southeastern direction transect in the study area in other 

words, young and mature soils existing in a local area suggests that topography or local relief and parent 

material have a significant impact on the material and time involved in the soil formation process. It is seen 

that in the maturation of the soil and in the process that keeps the soil young, the soil transport and 

sedimentation, especially in the soils located on the back slopes due to water movement, is as effective as the 

formation that occurs on the spot. A significant difference was determined between the upper layer WRAS 

and MWD values of four soils used as dry and irrigated agricultures and this difference is thought to be caused 

in particular by agricultural use of the soils and by their organic matter and their pedogenic development. The 

soil classified as TypicHaploxerert has the highest WRAS and MWD values, whereasVerticXerofluvent has 

the lowest WRAS MWD values in surface horizons. 

Keywords: Water Resist Aggregate Stability, Mean Weight Diameter, Toposequence 

1. Introduction 

The rapidly growing population has not only increased demand for herbal products, but also increased the 

pressure on agricultural areas. On the one hand, the human being must ensure the reliable food and ensure 

sustainability in agricultural production. The desire to obtain high yield from the unit area, it causes the 

exploitation of the soils and changes their the physical and chemical properties, as well as affects negatively 

on the quality of the soil. 

Soil quality is an important criterion for evaluating the management practices, land degradation or 

improvement of land use sustainability. Because of soil quality, depending on factors such as soil management 

practices, ecosystem, environment, socio-economic and political priorities, it is defined as the umbrella 

characteristic of the soil (Doran and Parkin, 1994, Canbolat, 2006, Altēkatvd, 2009, Cebel, 2011, Kadēoĵlu 
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and Canbolat, 2014). Unconscious or out of purpose of land uses cause loss of functions associated with 

important physical, chemical and biological properties of soils, this case leads to land degradation. 

The main objective of sustainable land management is to protect the fertility of the land and to transfer it to 

future generations. Thatôs way, it is necessary to supply sufficient and detailed data about soil and land 

resources for protection practices. In other words, the most important step in the development of different 

strategic plans and management practices for the protection of the soil is the collection of information on the 

soil (Yakupoĵluat all, 2012). 

The majority of our geography position or topographic positions havehigh and steep slope degree. Therefore, 
it should be taken some precautions or measurements and fulfilment under control for cultivation which has 
slope land position. Because, shope has significantly role on pedogenetic development of soil in itssuit. 
Therefore, topography or relief is the most important factor for soil formation and affects how water and 
energy were added to and was lost from soil.Aggregates can be called as the smallest parts of the soil which 
can form by means of clay, silt and sand fractions mixed withorganic materials and living organisms create 
the most suitable condition for plant life(Ergene, 1982).It should be stimulate for aggregates formation 
particularly in cultivated land due to resist for field traffic and erosion   

Aggregate stability that is an important parameter in determining of resistance against to environmental factors 
that deterioration (Hillel, 1982; Yēlmaz and Alagºz, 2005), is often closely related to the soil's organic matter 
and clay content (Haynes and Swift, 1990; Chenu at all, 2000; Yakupoĵlu at all, 2012). The effect of organic 
matter on aggregate formation is more pronounced in soils including low clay content (Hillel, 1982).Organic 
matter improves aggregation in fine texture, providing better airation and also helping to store more water 
(Lal, 1979). In addition, the average weighted diameter, expressed as a measure of the water resistance of soil 
aggregates, is also an indicator of the grain size distribution. 

The aim of this study is to examine water resist aggregate stability (WRAS) and mean weight diameter (MWD) of 
soils developed on the different parent materials (marl, colluvium and alluvial), land forms (flat on hill, back slope, 
footslope and flood plain), elevations, land cover and land use under semi-humid climatic conditions. 

2. Materials and Methods 

2.1 Site Description 

The study area is located at the Vezirköprü district of Samsun province in the Central Black Sea Region and 

coordinated between 35º 01-35º 48 east longitudes and 41º 00 V- 41Ü 19 ônorth latitudes. Vezirkºpr¿ district 

covers 1713 km² and 115 km away from Samsun provinceVezirköprü differs from the climatic conditions of 

the coastal zone in terms of the humid climate type of the coastal zone and the terrestrial climate of the inland, 

with its specific thermal and moisture characteristics of the transition zone. The winters are colder than the 

coast and the summers are warmer (Average monthly temperature in August is 22.3 oC). Annual rainfall over 

500 mm per year. With rainfall is increasing in high places, snowfall appears to be effective (Anonymous, 

2019).Soil temperature and moisture regimes were determinedby Turanat all, (2018) as Mesic and Typic Xeric 

using the Newhall simulation model. 
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2.2 Soil Sampling and Analysis 

The research was carried out atfour different topographic locations including foots, slopes, hill flats and floor 

terrains. In addition, in the study area formed on different parentmaterialwere defined four soils profiles 

developed under the same climate and land use (arable lands). Soils have been studied on along transect with 

representative four profiles illustrated in Figure1.  

 

Figure 1. Transect of the four different soil pedons on different parent material and topographic positions 

Morphological properties of these 4 profiles in the field were identified and sampled by genetic horizons and 

classified according to Soil Survey Staff (1993 and 1999). 15 soil samples were taken to investigate for their 

physical and chemical properties at the laboratory. Disturbed soil samples were then air-dried and passed 

through a 2 mm sieve to prepare for laboratory analysis. After soil samples were then air-dried and passed 

through a 2 mm sieve, particle size distribution was determined by the hydrometer method (Bouyoucos, 1951). 

Organic matter was determined using the Walkley-Black wet digestion method (Nelson and Sommers, 1982). 

pH, EC-electrical conductivity (ofthe saturation) by method of the (Soil Survey Labrotory, 1992). Lime 

content by Scheiblercalsimeter (Soil Survey Staff, 1992). Exchangeble cations and cation exchange capacities 

(CEC) were measured using a 1 N NH4OAC (pH 7) method (Soil Survey Labrotory, 1992).Aggregate 

Stability: According to the wet screening method, it was measured in the yoder type screening set (Kemper 

and Rosenau, 1986). Weighted Average Diameter: Air dried soil samples were found by sieving on sieve set 

with different sieve openings (Demiralay, 1993). 

3. Results and Discussion  

3.1 Morphological Properties and Classification 

Morphological properties and classification of pedons was given Table 1. Soils in the study area exhibit difference 

with regard to particle size distribution, color and surface horizon depth. These differences represent the obvious 

effect of erosion, whereby surface soils have been carried from the shoulder slope to the foot slope, their 

accumulation leading to progressively darker, deeper and finer-textured soils with decrease in elevation. Soil colour 

is significantly related with the parent material, marlstone, with a value-croma ratio of 6/3on the flat on hillposition, 

darkening progressively to reach a maximum value of 4/3 on the footslope. The accumulation of calcium carbonate 

in Pedon I, II and IV is indicative of pedological developments reflected in the variations in color, particle size 

distribution and surface horizon depth. These three profiles has also carbonate nodules and micelles in Ck horizon. 
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For all profiles included a strongly or moderately developed A horizon with a granular structure; a strongly or 

moderately developed B horizon with an angular blocky structure (except for profile II which has no subsurface 

horizon); and a C horizon with a massive or graded structure. Particularly, Profile I has strong, coarse blocky 

structure in Bss horizon due to high clay content leading to slickenside formation 

Table 1. Morphological properties and classification of pedons 

Horizon Depth (cm) 
Color 
(dry) 

Color 
(moisture) 

Structure Boundary Special features 

     PI  (TypicHaplustert, coordinate: 710510 E-4550925 N, elevation: 648 m ) 

Ap 0-27 
10 YR 4/3 10 YR 3/3 3cgr and 

2mabk 
ac cracks 

Bss1 27-72 10 YR 3/2 10 YR 2/2 3cabk gw slickenside 

Bss2 72-116 10 YR 3/2 10 YR 2/2 3cabk gw slickenside 

Ck 116+ 
10 YR 6/3 10 YR 5/3 

mas - 
carbonate nodules and 

micelles 

    PII (Lithic Xerorthents, coordinate: 711075 E-4552105 N, elevation: 594 m) 

Ap 0-29 10 YR 4/4 10 YR 3/4 2mgr aw - 

C 29-60 10 YR 3/4 10 YR 3/3 mas - - 

    PIII (TypicCalcixerept, coordinate: 707929 E- 4559170 N, elevation: 270 m ) 

Ap 0-24 10 YR 4/3  10 YR 3/3 2fmgr as - 

Bw1 24-52 10 YR 3/3 10 YR 4/3  2mgr cw structure development 

Bw2 52-70 10 YR 3/3 10 YR 4/3  2msbk gw structure development 

Ck 70+ 10 YR 4/4  10 YR 3/3 
mas - 

carbonate nodules and 
micelles  

  PIV (VerticXerofluvent, coordinate: 710574 E-4558674 N,  elevation: 254) 

Ap 0-25 10 YR 4/4  10 YR 3/4 2mgr aw cracks 

Ad 25-55 10 YR 3/3 10 YR 3/4  3mgr cw Density layer 

C1 55-90 10 YR 3/3 10 YR 3/4  mas gw - 

C2k 90-123 10 YR 3/3 10 YR 3/4  
mas gw 

carbonate nodules and 
micelles 

2C 123+ 10 YR 4/3 10 YR 4/4  mas - - 

Abbreviations: Boundary: a = abrupt; c = clear; g = gradual; d = diffuse; s = smooth; w = wavy; i = irregular. Structure: 1 = weak; 2 = moderate; 3= strong; sg 
= single grain; mas = massive; vf = very fine; f = fine; m =medium; c = coarse; gr = granular; pr = prismatic; abk = angular blocky; sbk = subangular blocky. 

 

Descriptions and classification for soil profiles investigated from different topographic positions in the study 

area were conducted according to Soil Survey Staff (1999). Two of the profiles were classified as Entisol order 

due to low pedological process while, others fall into Inceptisol order due to their cambic horizon development. 

3.2 Physical and Chemical Characteristics 

The basic physical and chemical properties of the soils in each profile in the study area are given in Table 2. In the 

profiles investigated in the study area, their surface soils show significantly difference each other in terms of particle 

distribution, horizon depth, organic matter, lime content and soil reaction. According to Soil Taxonomy 1999, the 

profile classified as TypicHaplustert in flat on hill has clay texture. While the organic matter is 2.80% on the surface 

layer, it decreases along the profile depth and it becomes 0.76% in Ck horizon. In addition, while the pH content is 

slightly acid with 6.30 value on the surface soil, it reaches 8.17 and becomes slightly alkaline in Ck horizon due to 

basic ions leaching process. On the other hand, the lime content is less limy with 0.89% on the surface whereas, 

the Ck horizon contains 41.85% due to accumulation of calcium carbonate and parent material. The WRAS values 

were found between 54.72% and 31.84%. Besides, MWD which is a measure of the resistance of soil aggregates 

to water erosion varies between 0.85 and 0.71mm. 
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Table 2. Physical and chemical properties of soils formed on different parent material, topographic position, elevation and land use in the study area 

Horizon 
Depth 

(cm) 

pH (H2O) 

(1/2,5) 

EC 

(dS/cm) 

CaCO3 

(%) 

O.M 

(%) 

Exchangeable Cations 

(cmolc·kg-1) 
P.S.D (%) WRAS 

(%) 
MWD 
(mm) 

Na K Ca Mg C Si S Class 

Profiel I, TypicHaplustert / Flat on hill / Agriculture / 648 m / Marl 

Ap 0-27 6,30 0,14 0,89 2,80 0,23 0,51 30,35 11,30 50,36 20,62 29,01 C 54,27 0,74 

Bss1 27-72 7,43 0,34 0,73 0,98 0,36 0,28 39,10 3,90 53,62 18,97 27,41 C 54,72 0,80 

Bss2 72-116 7,89 0,25 1,86 0,68 0,27 0,38 56,45 7,75 57,71 21,11 21,18 C 53,86 0,85 

Ck 116+ 8,17 0,29 41,85 0,76 0,20 0,22 52,75 8,80 64,43 18,68 16,89 C 31,84 0,71 

Profile II, Lithic Xerorthents / Back slope/ Agriculture / 594 m / Basalt 

Ap 0-29 7,78 0,03 1,53 2,25 0,26 0,49 30,00 19,45 43,00 26,57 30,43 C 57,51 0,81 

C 29-60 8,05 0,25 12,04 0,63 0,33 0,25 35,75 27,15 31,24 27,44 41,32 CL 27,64 0,73 

R 60+ - - - - - - - - - - - - - - 

Profile III, TypicCalcixerept / Foot slope/ Agriculture / 270m / Colluvial deposit 

Ap 0-24 7,95 0,26 13,25 2,22 0,33 1,09 17,35 31,50 31,90 30,09 38,02 CL 14,21 0,69 

Bw 24-52 8,20 0,24 13,65 1,17 0,25 0,43 24,20 24,05 35,98 36,32 27,69 CL 30,97 0,72 

Bw2 52-70 8,26 0,26 13,98 1,31 0,33 0,42 23,30 28,05 36,42 38,09 25,49 CL 38,12 0,70 

Ck 70+ 8,30 0,26 14,95 0,30 0,58 0,26 29,50 24,65 30,72 42,12 27,16 CL 25,11 0,63 

Profile IV, VerticXerofluvent  / Flood plain/ Agriculture / 254 m / Alluvial deposit 

Ap 0-25 8,15 0,26 10,83 1,21 0,37 0,91 21,60 30,45 25,71 34,92 39,36 L 14,63 0,62 

Ad 25-55 8,15 0,29 12,84 1,27 0,68 0,57 23,75 26,25 54,44 24,78 20,77 C 42,74 0,77 

C1 55-90 8,03 0,73 14,54 0,79 1,1 0,49 25,45 40,30 58,74 22,45 18,80 C 56,55 0,85 

C2k 90-123 7,99 1,46 15,35 0,25 1,96 0,39 31,95 34,90 47,59 24,42 27,99 C 46,45 0,77 

2C 123+ 8,14 1,18 14,22 0,24 1,79 0,26 43,45 11,20 33,77 28,30 37,93 CL 18,29 0,66 



International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

45 

 

Profile II was classified as Lithic Xerorthent. Slope was considered as one of the most significant factors 

controlling the pedogenic procedures in this pedon, which is located on a high back slope. Slope contributes 

to greater runoff, as well as to greater translocation of surface materials downslope through surface erosion 

and movement of soil. Soil horizons in Profile II were identified as surface soil symbolized as A, C (parent 

material) and R (rock), with no diagnostic subsurface horizons and low pedogenetic development, indicating 

it to be a young soil. While the organic matter is in the medium level with 2.25 on the surface, it is very small 

in the sub-surface horizon (0.63). Its pH value is 7.8 in surface and 8.05 in subsurface. The lime content is 

1.53 limy in the upper soil and 12.04 in parent material. The WRAS value of the surface soil is 57.51% and 

its MWD value is 0.81 mm. 

Profile III formed on the colluvial parent material has structural development and was classified as the 

TypicCalcixerept.This soil has dominantly clay loam texture along the profile depth and its soil reaction is 

slightly alkaline and changes pH values between 7.95 and8.30. Lime content varies also between 13.25-

14.95% described as moderately limy. In addition, organic matter content of this soil changes between 2.22% 

in the surface and 0.30% in the Ck horizon. In this profile which located on low slope position, its WRAS 

value is 14.21% on the surface while, the MWD value is 0.69.  

As for profile IV, Soil formed on the fine alluvial deposit and on flood plain has no any structural development 

and pedogenetic process was classified as VerticXerofluvent.  Texure of this soil, dominantly clay loam texture 

in surface layer whereas, commonly clay texture becomes in subsurface soils. Its pH ranges between 7.99-

8.15and the lime content varies between 10.83-15.35%. The WRAS value in the surface soil is 14.63% and 

the MWD is 0.62 mm 

4. Conclusion  

In this current study, the four profiles in the study area were evaluated based on their pedological development, 

classified according to Soil Taxonomy and investigated in terms of their water resistant aggregate stability and 

weighted average diameter under the same climate and land use but different topographic positions and parent 

materials. Soil erosion was found to be the main negative factor in soil formation on hillside positions (shoulder 

and back slope) in the study area. The determination of the water resistant aggregate stability of soil, there are 

important for determining the sensitivity of towards to erosion. Usually, soils which have well aggregated and 

high aggregates stability are also more resistance to abrasion. It is observed that the aggregate stability is 50% 

and more than it in the study area. On the other hand, water resistant aggregate stability values were found low 

values in soils formed on colluvial deposit and foot slope (low slope degree). This case can be explained due 

to cultivation practice and field traffic leading to negative influence for aggregate formation. Therefore, land 

management practices are significantly important to keep their stability against to soil erosion. 
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Vegetation Cover Changes in Uludag National Park in Turkey 

Gökhan ÖZSOY1, Osman Fatih KAYA2, Burcu TATAR 3, Ertuĵrul AKSOY4 

Abstract 

Uludag National park is one of the most famous national park in Turkey. It is located within the boundaries 

of Bursa province in the Marmara region. Uludag Mountain, which is the highest point of the Marmara region, 

has the height of 2543m. From the Bursa plain to the peak of the mountain, in the fact that all of the plant 

generations were in accordance with the definitions in terms of botanical science, Uludag Mountain has 

earned an international fame. Furthermore, Uludag Mountain is Turkey's most popular winter sports center 

and covered by snow for 4-5 months of the year. Apart from all these positive aspects, the Uludag national 

park is under a devastating human impact. In this study, it is aimed to reveal the change of vegetation cover 

in time of years within the borders of Uludag National Park. For this purpose, NDVI maps of satellite data of 

different years were produced, classified and compared with each other. According to the results vegetation 

was decreasing in areas where human are active. Nevertheless, in high altitudes where people cannot easily 

reach, the vegetation was protected and even it was slightlyincreased. 

Keywords: NDVI, remote sensing, GIS, Uludag 
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Soils Ecosystem Services: A New Look to Turkish Soils  

Gönül AYDIN 1, Erhan AKÇA 2, Doĵanay TOLUNAY 3, Selim KAPUR4 

Abstract 

There are several ways to define soils but quantification is not easy as soils are mixture of air, water, organics 

and inorganics shaped by climate, topography and vegetation where each component has almost infinite 

verities alike plants which exists with 391,000 species. Soils were quantified with their chemical, physical and 

biological properties however pH above 7, or cation exchange capacity is 80cmol.kg-1does not mean a lot to a 

man-in-the-street. Thus, ecosystem services are introduced as of 1970, and pricing these services attracted 

attention of all segments of society, even politicians. Soils one of the main basics of the ecosystem have been 

threaten by land degradation and desertification following the appearance of humans on earth. According to 

the Millennium Ecosystem Assessment (MA) report prepared by the World Resources Institute, in the last 60 

years people have caused 60% of ecosystems to deteriorate due to changes in land use, pollution, invasive 

species, excessive consumption of resources and climate change.The most realistic approach to understand the 

functions of soil is the detailed description of ecosystem services. Several countries are defining their soils 

based on their ecosystems capability and potential. Unfortunately, this is not the case for Turkey as soils are 

still considered as a real estate ie an economical identity for profit. This study reviews the literature on the 

relationship between soils and ecosystem services and aims to contribute to the scientific understanding on soil 

and ecosystem services and their interrelations for soils of Turkey. A well-defined soil ecosystem services will 

be used in local and national policy development and program on natural resource use and management which 

in turn can be utilizedto meet United Nations Sustainable Development Goals for 2030 when the Republic of 

Turkey already celebrated of its 100 years of foundation. 

Keywords: Soil ecosystem, Turkish soils, Sustainable development goals 
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Soil Information System 

Handan Sahin AÇIKG ÖZ1, E. GÜLER1, K. YILDIRIM 1 

Abstract 

The economic development and growth of countries is closely related to the richness of their natural resources 

and the sustainable use of these resources.  In order for our country to develop in a short time, it is necessary 

to study the natural resources that we have in a good way, to be investigated, to be mapped under the same 

roof and to be opened to the use of researchers, academicians and planners (Ozkalayci et al. 2015). One of the 

most important sources used in land planning studies is soil maps and reports.  They are used in agriculture, 

forestry and pasture planning, in modeling of environmental impacts, in different engineering branches and in 

the planning and conservation of integrated natural resources. It is very difficult to understand and interpret 

the soil maps stored in paper in the archives by planners who work in different professional disciplines except 

soil scientists (Dinc 2008). Before analyzing local, regional and national plans, it is important to analyze the 

land resources qualitatively and quantitatively, to determine the potentials of the resources available, and to 

create databases and maps in parallel with the developing technologies. Because of this need, the General 

Directorate of Combating Desertification and Erosion (CEM), which works on the reduction of soil losses and 

damages about desertification, erosion, flood, landslide, etc., developed a project called ñSoil Information 

Systemò. It is aimed that Soil Information System, established through the integration of the Soil Database, 

Digitization, ARAZĶmobil, Laboratory Registration System and Soil Portal, forms the basis of many studies 

especially in the agricultural and forestry sector. As the first stage of the project, Soil Database has been 

developed in 2013 by CEM. The Soil Database system architecture was designed with the needs of the 

agriculture and forestry sector, and the attribute table structure was determined with the participation of 

academicians and experts working in agriculture and forestry sector.  The soil reports and maps in the previous 

projects made by General Directorate of Forestry are digitized and transferred to the Database which developed 

in accordance with the current GIS and database management systems, by making them compatible with the 

standards. Soil data collected from the field is also needed to be transferred to the Database. The data on the 

physical properties of the soil obtained from the field studies are transferred to the web based mobile software 

under the name of ARAZĶmobil. Additionally, the chemical properties of the soil obtained in laboratories are 

transferred to the Database by developed Laboratory Registration System. Thus, the Soil Portal was developed 

to present the physical and chemical characteristics of the soil in the Database, as well as the reports, figures 

and tables to the users. As of 2015, the Portal is available at http://toprakportal.cem.gov.tr/. 

Keywords: Soil Information System, Geographical Information Systems, Soil Portal 

1. Introduction  

One of the most important sources used in land planning studies is soil maps and reports. Soil maps and reports 

are used in agriculture, forestry and pasture planning, in modeling of environmental impacts, in different 

engineering branches and in the planning and conservation of integrated natural resources. One of the most 

important benefits of national plans for the development of land resources is the removal of inventories of 

resources. Before analyzing local, regional and national plans, it is necessary to analyze the land resources 
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qualitatively and quantitatively, to determine the potentials of the resources available, and to create databases 

and maps in parallel with the developing technologies. 

Today, the only soil data sources which is currently used and covering the whole of Turkey is óóMajor Soil 

Groups Mapôô which was established by the abrogated General Directorate of SoilWater based on the 1960ôs. 

Since Major Soil Groups Map is produced by taking into consideration the needs of agricultural areas, it causes 

disruptions in projects and applications especially in forest and pasture areas and it is not to be a base for many 

current projects carried out in forest and pasture areas despite various updates and revisions in the years. 

In order to overcome this problem, the related people make soil surveys and mapping studies with their own 

facilities and budgets and therefore repeated studies occur. Moreover, since the soil maps and reports produced 

by different institutions, organizations and individuals are not stored in a common GIS infrastructure, they 

produced and stored in a structure that is independent of each other.  

In this context; ñSoil Information Systemò has been developed by CEM with the aim of supporting the goal 

of producing the National Soil Map, avoiding the duplication of work and providing soil data to many sectors, 

especially in the forestry and agriculture sectors. 

2. Material and Methods 

2.1 Establishment of Soil Database 

The General Directorate of Combating Desertification and Erosion organized a workshop in 2012 with the 

aim of establishing a common ñSoil Databaseò which can meet the needs of forestry and agriculture sector 

with the participation of the relevant General Directorates of the abrogated Ministry of Forestry and Water 

Affairs and the abrogated Ministry of Food, Agriculture and Livestock, various institutes and universities. 

Meetings were held on different dates related to the issue and common soil data structure was determined with 

the contributions of the participants. 

Based on these common soil data structure, the ñSoil Databaseò has been established in 2013 under the 

coordination of CEM which works on the reduction of soil losses and damages about desertification, erosion, 

flood, landslide etc. Soil Database system architecture is designed by considering the needs of agriculture and 

forestry sector. The Soil Database has been developed in accordance with current GIS and database 

management systems. 

Three main project activities were carried out to develop the Soil Database; 

- Digitization of Soil Maps and Soil Survey Charts   

- ARAZĶmobil: Data Collection System in the Field with Mobile Devices 

- Laboratory Registration System 

 

2.1.1. Digitization of soil maps and soil survey charts  

The soil maps, soil survey charts and soil analysis reports of projects such as erosion control, afforestation and 

pasture improvement in the archives of the General Directorate of Forestry are digitized, adapted to GIS and 

transferred to the Soil Database which was developed by CEM. 
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The first cycle of this project started in the year 2013 and as the end of 2016, 2,860 copies of soil maps and 

soil survey charts of the projects have been digitized and transferred to the Soil Database. Digitized projects 

have transferred about 4,000,000 hectares of forest area and 60,000 soil profile points to digital media. 

With the project of digitization of soil maps and soil survey charts, soil maps, survey charts and analysis 

reports stored in various media in the archives are transferred to the soil database and digital archive quality 

is gained and users can access this data more easily and regularly. In addition, scanned documents can be used 

to access documents such as signatures, acknowledgements and information notes in the original documentary. 

           

Figure 1. Feature tables obtained after digitization    Figure 2. Filing structure created after digitization 

2.1.2. ARAZĶmobil: data collection system in the field with mobile devices 

Field teams are set up for projects that are carried out in many areas, primarily forestry and agriculture, and 

information is gathered from the land. In general, the cost of field work is high and the working time is long. 

Sensitivity and correctness of the data collected in field studies vary according to the difficulty of the 

conditions and data standards are not provided. There is also a resource consumption for the standardization 

and regulation of the data to the same standard. In this context; CEM has developed a mobile software that 

runs on Android, iOS (iPhone-iPad Operating System) and Windows operating system under the name of 

ñLand Data Collection System (ARAZĶmobil)ò for data collection in the field. ARAZĶmobil can work on all 

mobile devices, such as tablet computers and smartphones, which have integrated Android, iOS and Windows 

operating system, integrated GPS (Global Positioning System), internet connection available and digital 

cameras. 

ARAZĶmobil has been produced integrated with the Soil Database and it is aimed to prevent resource 

consumption in soil mapping studies. The main functions of this software are to enable data collection of a 

certain standard, quality and transparency, and the transfer of collected data to databases through mobile 

devices in all forestry activity sites that already support field data collection process. With the most general 

definition, ARAZĶmobil is the web-based mobile software that collects land data from mobile devices, and 

can simultaneously present staff figures, positions, reports and job descriptions. 
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     Figure 3. ARAZĶmobil mobile device interfaces    Figure 4. ARAZĶmobil web interface 

2.1.3. Laboratory registration system 

Land transactions in many soil laboratories operating in Turkey are continuing with independent software or 

paper file, the inquiry and reporting processes related to the analysis results are slow. In this context, it is 

necessary to design a system that enables the information of the soil samples coming to the soil laboratories 

and the results of the analysis to be inputted by the institutional personnel quickly, accurately and in a standard 

way. 

In 2015, CEM has developed a web-based Laboratory Registration System for Eskisehir Forest Soil and 

Ecology Research Institute with an interface that allows multiple users to log in, view and query within the 

authority of the user.Since the Laboratory Registration System is web-based, the hardware cost is kept to a 

minimum.The Laboratory Registration System has been developed integrated with the Soil Database and 

ARAZĶmobil software, which was established by CEM.In this context, analysis results of samples collected 

from the field with ARAZĶmobil software are automatically transferred to the soil database, and the project 

manager can monitor the analysis process of the soil samples through the web interface. With the Laboratory 

Registration System, transparency, reliability and speed are targeted in soil analysis processes. 

 

Figure 5. Laboratory Registration System interface 
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Figure 6. Sample analysis reports 

2.2. Soil Portal 

The Soil Database established by CEM is fed from many sources and soil data is stored in the determined 

standards. It is a web-based Soil Portal that opens the soil map and survey squares stored in the soil database 

to the users and allows them to do various interrogation and analysis. It is established by CEM and is available 

at http://toprakportal.cem.gov.tr. The Soil Portal provides the opportunity to load all the soil maps, etudes and 

analysis reports in the soil database, as well as the soil maps, study carvings and photographs in the appropriate 

form manually. Users can only download land maps, survey charts or raster files to their computers within the 

authority of the users and download all the data belonging to the selected projects to their computers at once. 

The Soil Portal is continuously improved according to the feedbacks and test results. 

                    

Figure 7. Soil Portal overview             Figure 8. Soil Portal map output 

3. Results and Conclusion 

Within the Soil Information System Project, the soil maps, soil survey reports and soil analysis reports of 
approximately 3,000 projects in the archives were digitized and transferred to the Soil Database and all these 
data were harmonized with the geographical information systems. With ARAZĶmobil software, soil data have 
been obtained with mobile devices more accurately, faster and more reliably from the field. As of 2014, 
ARAZĶmobil has been used all the projects carried out by CEM and the improvement works of software are 
continuing. All soil data collected within the context of the Soil Information System are presented through the 
Soil Portal (http://toprakportal.cem.gov.tr). There are approximately 60,000 soil profile points and 
approximately 4,000,000 hectares of forest area in the Portal. Many physical and chemical properties such as 
pH, depth and calcification of the profile points can be accessed through the Portal. CEM has also developed 

http://toprakportal.cem.gov.tr/
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web based Laboratory Registration System and presented it to the use of the Eskisehir Forest Soil and Ecology 
Research Institute. With the Laboratory Registration System, all soil laboratories are allowed to have systems 
compatible with GIS and to be integrated with each other through Soil Information System. It is aimed that 
the current and GIS compliant soil data obtained through this System will provide a basis for many studies, 
especially in agriculture and forestry sectors.  
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Water Infiltration in Claypan Soils Influenced by Agroforestry and Grass Buffers for 

Row Crop Management Systems  

Handan SAHĶN AÇIKG ÖZ1, S. H. ANDERSON2, R. P. UDAWATTA 2,3 

Abstract 

Agroforestry buffers have been recently introduced in temperate regions to enhance conservation of soil and 

water resources in row crop management. The effects of agroforestry and grass legume buffers on in situ water 

infiltration relative to row crop management were assessed for a claypan soil in northeastern Missouri, USA. 

Infi ltration rates were observed in early June in 2014 and 2015 for watersheds under corn (Zea mays L.)-

soybean (Glycine max L. Merr.) management; these watersheds had agroforestry buffers or grass buffers. The 

dominant soil for the watersheds was Putnam silt loam (fine, smectitic, mesic VerticAlbaqualf). The 

watersheds were in no-till management and established in 1991 with agroforestry buffers and grass buffers 

implemented in 1997. Agroforestry buffers, 4.5 m wide and 36.5 m apart, consisted of redtop (Agrostis 

gigantean Roth), brome (Bromus spp.), and birdsfoot trefoil (Lotus corniculatus L.) with pin oak 

(QuercuspalustrisMenchh.), swamp white oak (Q. bicolor Willd.), and bur oak (Q. macrocarpaMichx.) trees. 

Grass buffers consisted of redtop, brome, and birdsfoot trefoil. Significant differences were found among the 

treatments in 2014 for the sorptivity parameter for the fitted infiltration equations with the highest values for 

agroforestry buffers. Significantly higher saturated hydraulic conductivity values were found for the buffer 

treatments in 2015. Soil water content measurements were assessed over time for years 2010 and 2011 with 

sensors at 5, 10, 20 and 40 cm depths for the agroforestry buffer and row crop areas. Water content decreased 

more rapidly during the summer season within agroforestry buffers relative to row crop areas; however, water 

infiltration was higher within agroforestry buffers during the recharge period. 

Keywords: Infiltration rate, Saturated hydraulic conductivity, Sorptivity 

 

                                                
1General Directorate of Combating Desertification and Erosion, Ministry of Agriculture and Forestry, Ankara, Turkey. 

handan.sahinacikgoz@tarimorman.gov.tr 
2Department of Soil, Environmental & Atmospheric Sciences, University of Missouri, Columbia Missouri, USA. andersonS@missouri.edu 
3Center for Agroforestry, University of Missouri, Columbia Missouri, USA. udawattar@missouri.edu 

 

mailto:handan.sahinacikgoz@tarimorman.gov.tr
mailto:andersonS@missouri.edu
mailto:udawattar@missouri.edu


 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

56 

 

Importance of Inter -Sectoral Cooperation in Setting and Achieving Land Degradation 

Neutrality (Ldn) Targets and Opportunities 

Hanifi AVCI 1, Mediha HALĶLOGLU 2, Mehmet DEMĶRCĶ3 

Abstract 

Land degradation, mainly referring to any reduction or complete loss of production capacity of land, not only 

signifies soil degradation, but also ecosystem destruction.It is not possible to prevent or to completely halt 

land degradation all around the globe. The LDN concept, which strives to achieve the ultimate goal of a land 

degradation-neutral world by 2030 through ensuring that restoration area outweighs degradation area, was 

introduced as the first concrete step in this respect. LDN necessitates the implementation of three measures to 

wholly address and safeguard ecosystem services, to reduce the risk of loss and to rehabilitate degraded 

ecosystems.Owing to its contributions to ensuring both food security and sustainable development, LDN 

approach presents a holistic perspective toward combating climate change. From this point of view, LDN 

approach brings about a whole new vision and opportunity for countries. 

Land degradation-inducing activitiesmay vary according to each country. As such, associated measures may 

also vary accordingly. Activities, measures and objectives for the prevention of land degradation should be 

determined with the participation of relevant parties, and adopting a participatory approach. 

LDN requires multi-stakeholder collaboration and planning at different scales and across various sectors. 

Hence, there is a need to establish a coordination unit for preparation, implementation and monitoring of an 

LDN National Action Plan. LDN targets should be integrated into countriesô development policies, strategies 

and plans, government programs, sectoral development strategies and plans, and be neatly aligned with 

sectoral objectives. LDN targets and activities should further be included in activities of relevant institutions. 

LDN process is generally monitored using three main global indicators, including land cover, land productivity 

(net primary productivity) and carbon stocks. These indicators are used to reveal land-based gains and losses. 

Relevant countries are required to determine supplementary activities and indicators in accordance with their 

own needs. 

This article argues the significance of inter-sectoral coordination, cooperation, planning and the need to engage 

all segments of society in terms of supporting countries to set and achieve their national LDN targets. It also 

discusses the opportunities of LDN. 

Key Words: LDN, Setting National LDN Targets, Sustainable Development 

1. Introduction 

Drought, land degradation and desertification are among the most important environmental problems of our 

age. Contrary to popular understanding, desertification is not the loss of land to desertor through sand-dune 
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movement. Desertification is land degradationthat occursin arid, semi-arid and sub-humid areas resulting from 

various factors, including climate change and human activities. When land degradationhappens in the worldôs 

drylands, it often creates desert-like conditions. So land degradation that is observed all over the world is 

defined as desertification when it occurs in arid regions. 

Desertification threatens the livelihoods of 1 billion people in more than 100 countries, and every year 12 

million hectares of arable land is lost due to drought.The extent and severity of land degradation across the 

world combined with the negative impact of climate change, population growth and an ever-increasing demand 

fornatural resources requires immediate and assertiveaction. The economic costs of desertification and 

landdegradation are estimated to be 490 billion USD per year.Avoiding land degradation through sustainable 

landmanagement can generate up to 1.4 trillion USD ofeconomic benefits (UNCCD, 2016). 

Policies and programmes to halt and reverse landdegradation have long suffered from the absence ofa clear 

overarching goal and quantitative, time-boundtargets to guide action and make progress measurable.In 

October 2015, in Ankara, country Parties of the United Nations Convention to Combat Desertification 

(UNCCD) reached an agreement on the LDN concept. In Ankara, country Parties of the UNCCD also agreed 

to integrate thesustainable development goals (SDGs) and target 15.3on LDN in particular, into the 

implementation of the Convention (decision 3/COP 12). The decision also statesthat ñstriving to achieve SDG 

target 15.3 is a strongvehicle for driving implementation of the UNCCDò. Moreover, COP 12 recognized 

thatña significant proportion of land degradation occursbeyond arid, semi-arid and dry sub-humid areasò 

andthat ñParties may use the UNCCD to guide their policiesrelating to Desertification, Land Degradation 

andDrought and voluntary targets when striving toachieve LDN at the national and sub-national 

levelsò(UNCCD, 2016).These decisions integrate SDGs and the target 15.3on LDN into theimplementation 

process of the UNCCD and invitecountries to formulate voluntary targets toachieve LDN by 

2030.Turkeybecame a pioneer country in LDN targetssetting by determining her national voluntaryLDN 

targets in 2016. Some of these targets are to: increase forest area to 30% from 28.5%, decrease the area affected 

per fire to 2.2 hectare from 2.7 hectare, decrease humanȤinduced fires to 85% from 88%, complete land 

consolidationworks in 14 million hectares, and expand irrigated areas up to 8.5million hectares, by 2030 

(CEM, 2016). 

This paper provides brief information on land degradation and its drivers, the LDN concept and its response 

hierarchy, and discusses the importance of management and organizationin achieving LDN, the significance 

of inter-sectoral coordination, cooperation, planning and the need to engage all segments of society in terms 

of supporting countries to set and achieve their national LDN targets. It also argues the opportunities of LDN. 

2. Methodology 

2.1. Land Degradation Neutrality (LDN)  

2.1.1. Land degradation and its drivers 

The Global Land Outlook of the UNCCD (UNCCD, 2017) defines land degradation as ñthe reduction or loss 

of the biological oreconomic productivity and complexity of rainfed cropland, irrigated cropland, or range, 

pasture, forest, and woodlandsresulting from land uses or from a process or combination ofprocesses arising 

from human activitiesò.The drivers of land degradation relateto factors that directly or indirectlyimpact the 
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health and productivity ofland. Direct drivers are either naturalor human-induced. Deforestation, overgrazing, 

and the expansion ofagricultural, industrial, and urban areascontinue to be the most significantdirect causes of 

land degradation.Indirect drivers, on the other hand, are far morecomplex and operate at larger and longer 

scalesand farther from the area of degradation. Direct andindirect drivers interact, mutually reinforcing 

eachother and together drive land degradation in manyparts of the world (UNCCD, 2017).The causes of land 

degradation vary from country to country and region to region due to their unique characteristics.Thus, each 

country has to reveal its own reasons. Since land degradation is also ecosystem destruction, all activities 

leading to ecosystem destruction are also activities that cause land degradation.Therefore, all measures to 

prevent ecosystem destruction will also prevent land degradation. 

2.1.2. What is land degradation neutrality? 

The UNCCD defines LDN as ña state whereby the amount and quality of landresources necessary to support 

ecosystem functions and services and enhancefood security remain stable or increase within specified temporal 

and spatialscales and ecosystemsò (Decision 3/COP.12, UNCCD, 2015). The goal is to maintain or enhance 

the land resource baseï in other words, the stocks ofnatural capital associated with land resources and the 

ecosystem services thatflow from them. The definition emphasises the importance of ecosystem services in 

achieving sustainability of food production (Orr et al., 2017). 

The LDN concept (Figure 1) was developed to encourageimplementation of an optimal mix of 

measuresdesigned to avoid, reduce and/or reverse landdegradation in order to achieve a state of no net lossof 

healthy and productive land. LDN aims to balanceanticipated losses in land-based natural capital 

andassociated ecosystem functions and services withmeasures that produce alternative gains 

throughapproaches such as land restoration and sustainableland management (UNCCD, 2016; Orr et al., 2017). 

 

Figure 1. The key elements of the scientific conceptual framework for LDN and their interrelationships 

(UNCCD/Science-Policy Interface, 2016) 
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LDN is a simple idea and a powerful tool. It meanssecuring enough healthy and productive naturalresources 

by avoiding degradation whenever possibleand restoring land that has already been degraded.At its core are 

better land management practices andbetter land use planning that will improve economic,social and 

ecological sustainability for present andfuture generations. Many direct links exist between LDN and the 

SDGs, such as eradicatingpoverty, ensuring food security, protecting theenvironment and using natural 

resources sustainably.LDN serves as a catalyst in achieving these goals (UNCCD, 2016). 

2.1.3. LDN Response Hierarchy 

The LDN response hierarchy is an overarchingprinciple that guides decision-makers in planning measures to 

achieve LDN. The responsehierarchy of Avoid > Reduce > Reverse landdegradation  

is based on the recognition that ñprevention is (much) better than cureòi.e., avoiding or reducing further land 

degradation will maximize long-term benefits and isgenerally more cost-effective than efforts toreverse past 

degradation.The LDN response hierarchy encourages broad adoption of measures to avoid and reduce land 

degradation, combined with localised action to reverse degradation, to achieve LDN across each land type 

(Orr et al., 2017). 

2.2. Management and Organization 

Land degradation can be prevented through cooperation among concerned sectors and all segments of society. 

Informing the public and raising awareness on issues such as degradation-causing activities, root causes and 

solutions of degradation; and establishing public pressure for the prevention of land degradation will contribute 

to mobilizing governments and relevant institutions and organizations, increasing sensitivity towards the 

subject and creating an enabling environment for LDN. 

There is a need for good management, organization and coordination to prevent land degradation andto ensure 

LDN target-setting, implementation and monitoring.The causes of land degradation and measures to be taken 

accordingly are of direct concern to many sectors and a significant portion of society. As measures to be taken 

fall under the jurisdiction of a large number of institutions and organizations, it is necessary to select a 

coordinating institution that will concurrently lead all these tasks, ensure good communication between 

institutions, act as a secretariat and have full executive responsibility. There is also a need for a coordination 

unit consisting of representatives from relevant institutions and sectors that will be chaired by the coordinating 

institution. 

In order to ensure good coordination and to carry out the tasks successfully, the coordinating institution should 

be selected correctly. It must have a sufficient amount of budget, management capacity and capability to act 

as a locomotive in mobilizing relevant institutions and organizations.The coordination unit will be largely 

responsible for informing relevant institutions, sectors and society on land degradation; and mobilizing 

opportunities and capabilities of NGOs, private sector, farmers, local authorities, along with directly and 

indirectly related institutions on economic, social, judicial, legal and technical solutions. 

Organizations and relevant parties adopting and taking responsibility in setting and achieving LDN targets is 

the magical key for success. Establishing cooperation amongrelated sectors and parties, institutions and 

organizationsresponsible for implementing land degradationprevention activitieswill help adopt and embrace 

the issue.Creating national or regional action plans related to LDN and ensuring their inclusion into activities 
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of institutions will be the most effective and permanent solution in providing necessary budget and financing 

for these activities.Preparing action plans and sharing them with the public will serve as a binding commitment 

for institutions. This will not only guide these institutionsto place more importance on the subject, to address 

their activities adopting a more disciplinary approach, but also facilitate the achievement of the goals. 

2.3. LDN Planning and Implementation Process 

2.3.1. LDN working group 

Under the leadership of the LDN coordinating institution, it is essential to establish, if necessary,  

an LDN Working Group and a Specialized Commission, where related sectors, scientists, NGOs, parties and 

all segments of society are represented.It is necessary for working groups and specialized commissions to 

determine causes and impacts, dimensions, sensitive areas, and hotspot regions of land degradation, to present 

the current situation, and to predict the future by analysing the trend. Reports presented as a result of this study 

will guide decision-makers and managers.Determining the causes of land degradation; introducing necessary 

administrative, technical and legal measures, solutions, and needs; reporting national and international studies, 

best practice models, and scientific researches of organizations; and presenting them to the institutions will 

shed light on ongoing works.  

2.3.2. Measures, activities and setting of targets 

It is of utmost importance to determine responsible institutions regarding the measures to be taken, to reveal 

the potential of activities, and to achieve consensus among institutions in LDN target-setting.Ensuring trust 

and a culture of cooperation between stakeholders, establishing unity of purpose and interest, compensating 

losses between winners and losers or balancing them with alternative solution mechanisms, and assuring public 

support are the most relevant parameters in achieving LDN targets. 

2.4. Opportunities of LDN 

Land degradation prevention activities are of concern to many institutions and sectors. All segments of society 

need to be associated with and integrated into these activities. While conducting these activities, it is important 

to adopt an integrated and participatory approach and to ensure that all related sectors act cooperatively. These 

actions, in return, will create a synergy for the development of society and lead to sustainable development. 

This will be instrumental in both employment and development of various business lines. In addition to 

enhancing rural development, this will also contribute to establishing of food security and prosperity. 

Sustainable development will be accelerated as a result of dissemination of good practices related to LDN, 

creation of new technical and alternative livelihoods, and optimization ofopportunities ofrelevant institutions, 

local governments, private sector, NGOs, scientists and farmers through an effective organization. 

3. Results and Conclusion 

It is necessary to integrate LDN into national policies and development plans for setting and achieving LDN 

targets, conducting necessary activities and providing permanent financial instruments to achieve these targets. 

For this purpose, it should be ensured that land degradation prevention activities are included in programs and 

action plans ofinstitutions, unions, local authorities, NGOs and political parties guiding country policies. In 
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this case, it will be observed that sufficient financial tools for LDN are provided. This will happen only in 

accordance with the cooperation between related institutions and organizations, scientists and NGOs, and at 

request of society. 

Informing the public and raising awareness on issues such as degradation-causing activities, root causes and 

solutions of degradation; and establishing public pressure for the prevention of land degradation will contribute 

to mobilizing governments and relevant institutions and organizations, increasing sensitivity towards the 

subject and creating an enabling environment for LDN. 

It is only possible to set and achieve national LDN targets through ensuring coordination between relevant 

sectors, developing effective cooperation, adopting a participatory planning approach and assuring the 

involvement of stakeholders and all segments of society. 
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Soil Degradation By Law 

Hikmet ÖZTÜRK 1, Esra YAZICI  GÖKMEN 2, Erhan AKÇA 3 

Abstract 

Misuses of natural resources besides voluntarily defending are protected by laws, regulations and directives in 

countries as population pressure is an increasing trend globally. Drivers of these pressures vary from socio-

economic benefits to markets and trade. Although the objectives of the laws on land use and management are 

the protection and sustainable management of natural entities, exceptions to the law allow for land use changes, 

sub-regulations or administrative decisions prepared within the framework of laws may lead to land 

degradation. The huge investments since mid-1990s in Turkey lead excess infra and ultrastructure construction 

and by 2000s urbanization reached to 71%. This immense development brings along consumption of soils for 

settlement and an urgent precaution was taken by putting into force Law no 5403 in 2005 which was updated 

in 2014 as law no 6537. The main purpose of Law no 6537 is briefly to protect land by sustaining income of 

locals based on sustainable development approach. For obtaining land use permission getting a permission 

from soil protection board (SPB) is a legal requirement. The soil protection board consist of 9 members headed 

by the governor at each province. Non-governmental organization presence in this board is secured by law. 

TEMA Foundation (the Turkish Foundation for Combating Soil Erosion, for Reforestation and the Protection 

of Natural Habitats) being the largest NGO of Turkey on soil issues generally represent in this board. TEMA 

Foundation also advocates for the protection of natural resources, raising awareness, applying to the judiciary 

in order to improve administrative decisions such as directives and regulations, which will lead to land 

degradation as well as exemplary projects. The lawsuits filed for the prevention of land degradation by the 

Tema Foundation were extended to 59 provinces out of 81. Of the 250 cases in total, 71% were for agriculture, 

23% for forest and 4% for pasture lands, 1% for wetland and 1% for environmental pollution. The success rate 

in the finalized cases is 71%. This high number of lawsuits ironically shows that law is the driver of soil 

degradation although it is intended to protect soils. Definition of prime soils in Law no 6537 is at some cases 

misinterpreted by provincial SPBs. This necessitate a formal guideline that will be prepared with 

interdisciplinary study of relevant ministries, research institutions and NGOs of Turkey for securing countryôs 

food production and sustainable land use which are already under threat of climate change, desertification, 

land degradation, drought and biodiversity loss. 

Keywords: Soil Degradation, Soil Protection Law, NGOs 

1. Introduction  

Soils are the main source of food production and several reports revealed that they are under severe 

threatsnamely contamination, erosion, nutrient imbalance, loss of soil organic carbon, loss of soil biodiversity, 

alkalinisation-salinisation, acidification, soil compaction and soil water management (FAO 2017). Among 

these soil sealing and land take is the main land degradation threat in countries in stage of economic 

development and population increase. Soil sealing is defined as the creation of impermeable layers over the 

soil, such as asphalt and concrete surfaces, isolates soil from the atmosphere and above-ground biosphere. 
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Sealing is the most intense form of land ñtakeò and is essentially an irreversible process (Cherlet et al. 2018). 

According to the European Environment Agency, since the mid 1950s the total surface area of cities in the EU 

has increased by 78 %, whereas the population has grown by only 33 % (EU 2019). 

Lal (2010) stated that world is facing a modern soil crisis that eclipses those of the past due to the magnitude 

of losses. For example, the tolerable soil loss calculated using soil production rates range from 0.2 to 2.2 t ha-

1 yr-1 and tolerable rates based on maintenance of crop production range from approximately 1 to 11 t ha-1 

yr-1.  However, estimates of mean annual soil loss from field plots are substantially higher varying from 8to 

50 t ha-1 yr-1 which is 8 or 50 fold of the tolerable level (FAO, 2019). Moreover, climate change has severe 

effects on soils. According to a study conducted by the NASA's Goddard institute (NASA 2019), the Earth's 

average global temperature has risen by 0.8 degrees Celsius since 1880. Same study revealed that two degrees 

rise in global temperature by 2100 caused sea levels rise by a meter that will displace 10% of the world's 

population. These population pressures along with natural phenomena manifested the urgent need of soil 

protection. Almost all countries of the world protect their soils by laws and Turkey is not the exception.  

Drivers of these pressures vary from socio-economic benefits to markets and trade. The huge investments 

since mid-1990s in Turkey lead excess infra and ultrastructure construction and by 2000s urbanization reached 

to 71%. This immense development brings along consumption of soils for settlement and an urgent precaution 

was taken by putting into force Law no 5403 in 2005, which was, updated in 2014 as law no 6537. The main 

purpose of Law no 6537 is briefly to protect land by sustaining income of locals based on sustainable 

development approach. However, cases opened against misuse of soils and land as laws are not applied 

properly. In addition, soils of Turkey has several limitations and prime soils of the country roughly covers 

10% of the countryôs arable lands (Kapur et al. 2018). 

2. Methodology 

This study outlines the court cases against misuse of soils and lands since 1997 opened by TEMA or TEMA 

act as the intervener throughout Turkey.  

3. Results and Conclusion 

As of 2018 lawsuits on soils and land, which TEMA directly or partly took part totals to 256. Out of 81 

provinces in Turkey, lawsuits opened at 58 provinces (Figure 1) which comprises agricultural land, 

environment, pasture, coast, forest, wetland, water body, and against law or regulation (Figure 2). The 71% of 

the lawsuits is on agricultural land whereas lowest with 1% is on environment. Provinces where no lawsuit 

was sued does not mean that soils, forests, wetlands and waterbodies are used properly, this is due to lack of 

monitoring the misuse in these areas for example in Kocaeli and Afyon soil sealing at prime soils are reported 

for several times since early 2000s (Yēlmaz 2001, Kapur et al. 2006) 
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Figure 1. The lawsuits from 1997 to 2018 opened by TEMA 

 

Figure 2. The issues of lawsuits opened by TEMA from 1997 to 2018 

In case of provinces, the highest lawsuit is seen in Antalya with 14 cases followed by Ķstanbul with 13, Yalova 

with 11, Edirne and Manisa with 10 cases. This revealed that soils are seen as a real estate in these provinces.  

However, may be the number of cases is low at some provinces, the size of the affected area is another 

important factor that needs to be taken into account.  

Another issue is insufficient classification of soils/lands for example lands of the olive orchards on sloping 

lands of Mediterranean where olive yield is high are classified as 6th or 7th class based on soil capability 

classification.  

Thus, along with food security, Turkish economy still depends on agriculture, which forces the country to 

protect its soils. Also soils of Turkey have several limitations such as steep sloping, low organic carbon content 
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and shallowness (Kapur et al. 2018). So soil protection laws, regulations necessitate a formal guideline that 

will be prepared with interdisciplinary study of relevant ministries, research institutions and NGOs of Turkey 

for securing countryôs food production and sustainable land use which are already under threat of climate 

change, desertification, land degradation, drought and biodiversity loss. 
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Desertification, Soil Organic Carbon, Erosion against Fossil Fuel Plants: The Review of 

Struggle of Cross-Purposes in Turkey 

Hikmet ÖZTÜRK1, Özlem KATISÖZ2, Erhan AKÇA3 

Abstract 

Development and sustainable land use are opposite characters while the former seeks economic benefits, the 
latter tries to protect environment. Global initiatives since mid-1900s sought to integrate these two opposite 
goals in one mutual win-win situation but this is seldomly attained. Turkey is not the exception as it is a 
developing country with environmental problems of desertification, erosion and low soil organic carbon. 
According to the Directorate General for Combating Desertification and Erosion (DGCDE), the Desertification 
Risk Map revealed that 19% of Turkey's soils are under high, 22% is at moderate to high-risk groups. Similar 
to desertification, the erosion sensivity map which is also produced by the same General Directorate manifested 
more than 50% of the country is susceptible to wind erosion. In addition, the soil organic carbon map of Turkey 
prepared in 2018 by DGCDE showed that Turkish soils are poor in organic carbon. Thus, desertification, 
erosion and low organic carbon are drivers of climate change, desertification and land degradation and loss of 
biodiversity namely the three global threads to humanity need urgent activities for mitigation, adaptation and 
protection. Turkey announced and brought into for climate change, desertification and biodiversity action plans 
since early 2000s. By contrast with these problems, Turkey plans to build new fossil fuel plants in coming 
years which will mainly fueled by coal and lignite. In this study, we located the fossil fuel plants on 
desertification, erosion and soil organic carbon maps and found that these plants are generally concentrated in 
areas with relatively low desertification, erosion and high organic carbon ie prime agricultural lands. This 
revealed that Turkeyôs food security is under high risk as fossil fuel plants hazards to environment is well-
documented, and several countries are now investing alternative environmental friendly energy production. 
So, cross-purposes of stakeholders in Turkey ask for a mutual win-win solution for securing countryôs food 
and environmental security while sustaining its development. 

Keywords: Desertification, Soil Organic Carbon, Erosion, Fossil Fuel Plants 

1. Introduction  

Humans provide almost 99% of their food from soils which are under great pressure for meeting this increasing 
demand. Soils not only meet food demand but undertake multirole for ecosystem services, and employed in 
industrial uses as raw material. All these intensive uses of soils necessitate utmost sustainable management as 
mentioned by several studies we are almost reached the limits of arable lands (FAO 2011). Moreover, it is 
estimated food production should increase by 50% more by 2050 to feed 9 billion people, and FAO (2017) 
reported that food production increase would be crucial in developing countries.Thus, countries initiated soil 
protection measures to maintain and enhance countryôs food production capacity at its best. Arable soils for 
Turkey has a vital importance as the country is among the first 15 countries of largest agricultural output with 
55 Billion USD Dollars as of 2016 (https://worldinfigures.com/rankings/index/103). So, Turkey needs to 
sustain its soils quality with utmost care although almost 50% of the soils are under high and moderate 
desertification and erosion risk along with low soil organic carbon (ÇEM 2017, 2018a, 2018b). However, 
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Turkey also in the stage of development with special needs such as infra and ultrastructureôs and energy which 
all threats soil productivity. Turkey recently announced that it will support construction of energy plants that 
will run with coals. Energy plants run with coal and coal mining both have negative effects on environment 
(Saini et al. 2016). This study reviewed the fossil fuel plantsdistribution and Turkeyôs desertification, erosion 
and soil organic carbon maps and possible consequences of cross-purposes. 

2. Methodology 

2.1 Data Sources and Methods 

Desertification and erosion risk maps along with soil organic carbon map produced by General Directorate of 

Combatting Desertification and Erosion of the Ministry (Turkish acronym ÇEM) of Agriculture and Forestry 

(ÇEM 2017, 2018a, 201b) are used for evaluating fossil fuel plants locations of Turkey. The fossil fuel plants 

distribution map is produced by GIS office of TEMA Foundation (The Turkish acronym for the Turkish 

Foundation for Combating Soil Erosion, for Reforestation and the Protection of Natural Habitats).  

3. Results and Conclusion 

Desertification is relatively at low risk in areas with water availability as in the Northwest, North, Southwest 

and South of Turkey. Water availability also supports high soil organic carbon (Figure 1, 2). Unfortunately, 

fossil fuel plants of Turkey accumulated at these areas (Figure 3). This will in short and long term will have 

negative effects in these areas due to high water use for cooling, fly ash deposition, gases emitted to atmosphere 

(Raja et al. 2015). Although some studies suggest that state-of-the-art technologies significantly decrease 

emissions from coal powered plants solid wastes still create environmental problems (Meij and Te Winkel 

2004). This revealed that fossil fuel energy plants created high riskTurkeyôs food security is under as fossil 

fuel plants hazards to environment is well-documented, and several countries are now investing alternative 

environmental friendly energy production.  Both food and energy are required for humansô well-fare, Turkey 

is asked to put strict controls on coal powered fuel plant construction and it is recommended to focus on green 

energy as Turkey has a high potential in solar and wind energy production. 

 

Figure 1. Desertification Risk Map of Turkey (ÇEM 2017) 
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Figure 2. Soil Organic Carbon Stocks Map of Turkey (ÇEM 2018b) 

This revealed that fossil fuel energy plants created high risk Turkeyôs food security is under as fossil fuel plants 

hazards to environment is well-documented, and several countries are now investing alternative environmental 

friendly energy production.  For example as for wind energy, the total potential of the country is 48,000 MW 

andwith the wind potential to be installed on the sea is estimated to be 17,393 MW which totals to 65.393 MW.  

 

 

Figure 3. Fossil Fuel Energy Production Plants of Turkey 

Finally, we suggest a mutual agreement among stakeholders in Turkey for their cross-purposes in order secure 

countryôs food and environmental security while sustaining its development.     
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Determination of Spatial Variability of Soil Quality Index based on Multi Criteria 

Decision Analysis 

H¿seyin ķENOL1, Orhan DENGĶZ2, Pelin ALABOZ 1 

Abstract 

The objective of this research was to determine soil quality by taking into consideration the integrated Soil 
Quality Index (SQI) model on farm lands of Süleyman Demirel University which covers about 108.24 ha. In 
SQI model, soil indicators were weighted by means of the Analytical Hierarchy Process. Various indicator units 
were normalized by a Standard Scoring Function. A total of nineteen soil quality indicators were included in 
SQI model by grouping into four criteria which are; i- soil physical properties, ii- soil chemical properties and 
iii - nutrient elements. According to obtained results, more than half of the study areaô soils (35.3%) was 
classified as low and very low quality level whereas, about 23,5% of the total area belong to high and very high 
SQI class in terms of agricultural suitability in surface depth. Moreover, all study area study soils in subsurface 
were found in medium SQI class.  

Key words: Soil quality index, Analytical Hierarchy Process, Standard Scoring Function Soil indicator 

1. Intro duction 

Protection of agricultural production areas is very important to increase the amount of products. Due to the rapid 
increase in the world population and the decrease in agricultural areas. The use of various inputs to the soil for 
more production on agricultural land that causing the deterioration of the natural structure and the unproductivity 
of the soil. It is important to check the soil quality for sustainable use of soils. Soil quality; the capacity of a soil 
within ecosystem to sustain plant and animal production, improve water and air quality, and provide a complete 
living environment for human health (Doran, 2002). Soil quality index models used in the evaluation of soil 
quality are used by many researchers (Dengiz, 2013). The quality of the soil is not only related to nutrient content 
but also with its physical and biological properties. Physical, chemical and biological soil properties should be 
prepared as data set for optimum yield and reliable interpretations in crop production. The soil is a dynamic structure 
and is in constant change. The negative change may lead to a decrease in soil productivity (Caravaca et al., 2002). 
This study was carried out on the farmlands of Süleyman Demirel University. Some soil physical and chemical 
properties of the soil were determined for two depths as surface (0-20cm) and subsurface (20-40 cm). Soil Quality 
Index (SQI) model was determined to assess the quality of the soil.  

2. Materials and Methods 

2.1 Field Description, Sampling and Indicator Scoring 

The study area was conducted in farm lands of Süleyman Demirel University with an area of 150 ha. It is located 

between 38 ° 31 '- 38 ° 16' North latitude and 32 ° 16 '- 32 ° 19' East longitude. According to Newhall simulation 
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model, soil temperature and moisture regimes are Mesic and Dry Xeric, respectively. The study area has been 

generally used for wheat, some vegetables and fruit trees. Field study was conducted in 2017and a total of 112 

soil samples were taken from surface layer (0-20 cm) and subsurface layer (20-40) using 150m x 150m grit 

system in the study area.The location of each soil sample point was recorded using a handheld GPS (global 

positioning system) tool. Samples were air-dried and passed through a 2 mm sieve. A total of nineteen soil 

quality parameters were included in SQImodel by grouping in three classes which are; i- physical indicators 

[dry bulk density (BD,Blacke and Hartge 1986), saturated hydraulic conductivity (HC,Oosterbaan 1994), 

content of sand, silt and clay(Soil Survey Staff 1996), available water content(Klute  and Dirksen 1986)] ii-

chemical indicators [soil reaction(Soil Survey Staff 1996), electrical conductivity(Soil Survey Staff 1996), 

organic matter(Nelson and Sommers 1982), and CaCO3content (Soil Survey Staff 1993) ], iii- nutrient elements 

content [nitrogen, phosphors, potassium, iron, copper, manganese and zinc content(Bremner and Mulvaney 

1982)].In this study, due to variation of parameters units, a standard scoring function (SSF) was used in order 

to normalize soil parameters by assigning scores ranging between 0 and 1 Andrews et al. (2002). Three types 

of indicators were separated according to their functional effect on soil quality, where the best soil functionality 

was joined with high, low or intermediate values and rated as: (1) ñMore is betterò function was applied to OM 

and macro and micro nutrient elements for their roles in soil fertility because their high concentration was 

considered constructive for a good soil functionality of agricultural soil suitability; (2) ñLess is betterò function 

was applied to EC, CaCO3, BD, sand and silt content, sodium degradation of soils. (3) ñOptimal rangeò function 

was applied to pH ad clay content thus, scores were assigned using the more is better or the less is better function 

depending on whether the indicator value was below or above the optimal range.  

2.2 Soil Quality Index and Weight Assignment 

In order to determine agricultural requirements by taking into consideration soil physical and chemical properties, 

some literature sources were reviewed. Soil characteristic criteria together with weighting based on values normally 

was employed in assessment of agricultural usage. After indicators were scored and weighted, soil quality indices 

were calculated employing the Soil Quality Index using the following formula (1); 

SQI В 7ÉȢ8É               (1). 

Where; SQI: Soil quality index for agricultural usage, Wi: Weighting of parameter i, Xi: Sub-criterion score of parameter i. The above 

formula was applied to each soil sample. 

A total of nineteen soil quality parameters were grouped into three sub-criteria such as land properties, soil 

physical, soil chemical, nutrient element and heavy metal pollution parameters, which means all the matrices in 

hierarchies A, B, and C were logically constructed. Each of sub-criteria has an importance level that differently 

affects the soil quality for agricultural usage. The weighting in soil quality is useful to assess the importance 

level of soil parameters for each sub-criterion. In this study, the AHP method (Saaty 1980) was selected and 

used for weighting the criteria and sub-criteria for the soil quality assessment of agricultural activities. The 

principles utilized in AHP to solve problems are to construct hierarchies. This pair-wise comparison allowed an 

independent evaluation of the contribution of each parameter, thereby simplifying the decision making 

process.The pair-wise comparisons of various criteria were organized into a square matrix. The diagonal 

elements of the matrix were 1. The principal eigenvalue and the corresponding normalized right eigenvector of 

the comparison matrix gave the relative importance of the criteria being compared. The elements of the 

normalized eigenvector were weighted with respect to the criteria or sub-criteria and rated with respect to the 
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alternatives. The consistency of the matrix of order n was then evaluated. If this consistency index failed to 

reach a threshold level, then the answers from the comparisons were re-examined. The consistency index, CI, 

was calculated.In other words, the results indicated that all RIs for single and general hierarchy were lower than 

0.1. Thus, homogeneity of indicators within each group, a smaller number of factors in the group, and better 

understanding of the decision problem improve the consistency index.  

2.3 Interpolation Analyses 

In the present study, three main interpolation methods (Inverse Distance Weighing-IDW, Radial Basis Function-
RBF and Kriging) were performed for predicting the spatial distribution of SQI. Kriging is a geostatistical technique 
similar to IDW using a linear combination of weights at known points to estimate the value at an unknown point. 
The Root Mean Square Error (RMSE) was used to evaluate the interpolation techniques. The lowest RMSE indicate 
the most accurate prediction.  

3. Results and Conclusion 

3.1 Soil Physico-Chemical Properties  

The descriptive statistical parameters such as mean, maximum, minimum, and coefficients of variation (CV) of 
the some basic physico-chemical properties and macro-micro nutrient elements related to 112 soil samples taken 
from surface (0-20 cm) and subsurface (20-40 cm) soils of the study area were done. In order to determine 
variability of some physico-chemical soil properties, many researchers offer to investigate coefficient of 
variation (CV). In this case, variables of clay, sand, silt, AvP, exCa and exMg have high CV. On the other hand, 
the variables of, BD, EC, pH, exNa, exK, AvZn, AvCu and AvFe of soils had a low level of variability. In 
addition to that, variability of HC, CaCO3 and AvMn was found as medium CV in surface soil samples. The 
values of pH in soil samples ranged between 7.89 and 8.35 and classified as slightly alkaline, whereas electrical 
conductivity had a minimum value of 0.13 dS m-1 and a maximum value of 0.40 dS m-1. The mean values of 
organic matter and CaCO3 content (%) were 1.21 and 23.25.Table 1 shows also macronutrient status of the soil 
samples available AvP and exchangeable exCa showed high variation between minimum and maximum values. 
Total N varied between 0.06 and 0.19 and the average value of total N was 0.10. According to Table 1, exCa, 
exMg, AvMn, EC, pH, sand, clay and BD showed as normal distribution. Moreover, according to limit values 
reported by Lindsay and Norvell (1978) for micro nutrient elements, only available Zn was found insufficient 
amounts in most of the soil samples (about 94.6%) and their mean values are 1.24 mg kg-1. As for subsurface 
soil samples (20-40), while variables of CaCO3 and AvCa have medium CV, most of the other parameters have 
a high level of variability. Range of the soil reaction and EC values showed similarity with surface soilsô values. 
This case can be said for OM and CaCO3 content; the mean values of OM and CaCO3 content (%) were 0.91 
and 23.78. In addition, micro and macro nutrient elements showed similar variability when compared to surface 
soil samples. 

3.2 Soil Quality Evaluation and Spatial Variability of SQI  

In this study, nineteen main indicators were selected for LQI by considering an extensive literature review.  In 
order to assign the suitable score for each soil sample and point, it is composed of three main steps. In first step, 
AHP approach was carried out for evaluation of evaluate scores or eigenvector. In this step, the consistency 
ratio was determined if CR is far below the value of 0.1, which is the maximum limit, then the weighting is 
considered. Meanwhile, the results of the study by Wali et al. (2016) also stated that the method of AHP was 
successful in weighting values. Contribution weights of soil parameters to soil quality index estimated by the 
AHP are given in Table 1. The highest value (0.5396) was determined for Hierarchy B1 (physical parameters), 
whereas the lowest value (0.1634) was found for soil nutrient element concentration (Hierarchy B3).  In 
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addition, the highest contribution of the indicators in each Hierarchy B1, B2, and B3 were revealed as clay 
percentage (0.6491), OM (0.6089), and TN (0.2405), respectively. 

Table 1. Contribution weight of soil parameters to soil quality calculated by the AHP 

Hierarchy A 

Hierarchy C / 
Indicators 

Hierarchy B 
Combine weight 
× Bi x Ci 

B1(Physical) Chemical (B2) Fertility (B3) 
0,5396 0,297 0,1634 

Sand 0,1715   0,0925 
Clay 0,4426   0,2388 
Silt 0,2454   0,1324 
Bulk Density 0,0875   0,0472 
Hydraulic Conductivity 0,0530   0,0286 
Organic Matter  0,6086  0,1808 
Electrical Conductivity  0,1332  0,0396 
pH  0,1871  0,0556 
CaCO3  0,0711  0,0211 
Phosphorous   0,1966 0,0321 
Potassium   0,1466 0,0240 
Total Nitrogen   0,2405 0,0393 
Calcium   0,0841 0,0137 
Magnesium   0,0494 0,0081 
Natrium   0,022 0,0036 
Iron   0,1206 0,0197 
Cupper   0,0337 0,0055 
Manganese   0,0269 0,0044 
Zinc   0,0796 0,0130 

 1,0000 1,0000 1,0000 1,0000 

 

These results are also consistent and it can be expressed why the highest value is Hierarchy B1. This is because, 
textural (particularly clay content) properties of soil are one of the main limitation factors for cultivated area in 
terms of water and nutrient element retention capacity. In B2 hierarchy, OM content was found as the highest 
value due to its several important functions in soil as well as for its influence on the biological and 
physicochemical properties of soils. This indicator, in fact, is contained in development of the soil structure or 
aggregation, improvement of soil fertility, storage and supply of nutrient elements and also affects cation 
exchange capacity. On the other hand, this parameter can be affected by soil and plant cultivation practices. 
These two Hierarchies (B1and B2) can be defined as inherent or natural factors. On the other hand, Hierarchy 
B3, nutrient status of soils, can be defined as dynamic or artificial factor. Although soil fertility and yields were 
significantly improved by intensification of management practices, unfavourable environmental impacts can be 
observed in the catchment, such as soil acidification induced by enormous application of mineral fertilizers, 
especially nitrogen, and decreased use of organic fertilizers. Secondly, score values of all parameters determined 
by using the best soil functionality was associated with high, low or moderate (optimal range) values ranging 
between 0 and 1 based on their function on soil quality. Finally, after eigenvector for each indicator was assigned 
and scoring values determined, weighted linear combination technique was used to estimate SQI values for each 
soil sample. Interpolation analysis for SQI surface and subsurface layers were used to identify the best predictive 
model from among fifteen different semivariogram models tested. Variogram or function of each interpolation 
method yielding the best results was determined. Finally, it was chosen IDW-1 for surface layer and Gaussian 
model of Simple Kriging due to its lowest RMSE value to estimate SQI at unsampled locations.SQI of the study 
area is classified as five levels according to Table 2.According to obtained results, more than half of the study 
areaô soils (35.3%) was classified as low and very low quality level whereas, about 23,5% of the total area 
belong to high and very high SQI class in terms of agricultural suitability in surface depth. Moreover, all study 
area study soils in subsurface were found in medium SQI class.  
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The SQI index was the best performing index and when calculated using the AHP and SSF approach could be applied 

as an efficient tool to assess soil quality and reduce the time and cost associated with sampling and analysis, because 

it took all soil parameters into consideration and gave the most consistent results. . In this study was performed about 

soil quality index in farm lands of Süleyman Demirel University with an area of 150 ha. Nineteen were grouped into 

3 criteria (soil physical, chemical properties, micro- and macronutrient status of soils) by taking into consideration 

their effects on soil quality after taking 112 representative soil samples from the surface and subsurface layers in 

study area. According to soil quality assessment results, it was detected that less than the total study area is very 

highly and highly suitable for agricultural activity.  

 

Table 2. SQI classes of surface soils (0-20 cm) 

Class Description Index 

Area 

da % 

I Very Low 0,0-0,19 14,9 1,9 

II  Low 0,20-0,39 261,6 33,4 

II  Medium 0,40-0,49 321,9 41,1 

IV  High 0,50-0,69 178,9 22,8 

V Very High 0,70-1,00 5,8 0,7 

Total 783,1 100,0 
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Main Reasons and Results of the Land Degradation in Turkey 

Ķbrahim ATALAY 1, Sevda ALTINBAķ2 

Abstract 

Turkey is one of the countries subjected to the land degradation in the World. Main causes of the land 

degradation are the sloping lands in the mountainous areas, misuse of land, deforestation and over grazing in 

the meadows and rangelands, negative effects of physical and chemical properties of some geologic parent 

material and dispersed rural settlement in the mountainous areas.The slope inclination which is more than 40% 

in the mountainous areas and destruction of vegetation cover in the semiarid areas of Anatolia has led to the 

intense erosion process. Geologic parent material or bedrocks are exposed in places where native vegetation 

has been completely destroyed. That the misuse of lands especially on the mountainous areas, excess 

utilization forest products and over grazing are the main reason of the erosion and land degradation on the 

mountainous areas. For this reason, most of the land belonging to VI and VII class lands have been converted 

into class VIII. On the other hand, physical and chemical properties of the exposed parent material are played 

an important factor for the land degradation as well. In fact,the evaporitic sediments containing abundant 

chlorine, salty and gypsum materials considerably prevent the growth of the vegetation and these areas have 

been deeply dissected by the gullies that formed mostly chemical erosion. Typical examples of these lands are 

common between¢ankērē-Sivas provinces and along the Kelkit river valley. The sandy materials which are 

found in the flysch formation in the western part of northern Anatolian mountains, volcanic sand and tuff in 

the Cappadocia region in the south-eastern part of Central Anatolia and sandy colluvial and fluvio-lacustrine 

deposits have been dissected deeply by gullies, some of these lands converted into badland topography, 

because sandy particles are easily carried away by the runoff. 

Semi weathered and unweathered serpentine-peridotite masses that are exposed along the orogenic belts both 

Northern Anatolian and Taurus Mountains, Burdur-Gºlhisar basin and around the Kērēkkale in Central 

Anatolia are generally devoid of vegetation due to cation exchange capacity is less than 10me/100g. Granite 

and gneiss producing sand soil is one of the vulnerable areas for the formation of gully erosion. Indeed, the 

thick sandy soil on the gneiss and granite has suffered to the gully erosion where native vegetation cover 

completely has been destroyed on the sloping areas nearPütürge and Baskil towns, East Anatolia.  

One of the main reasons of internal migrationsoccurring from the rural areas to cities is mainly related to land 

degradation. Ecologically the forest areas covering the at least a half part of the total land of Turkey decreased 

as low as 27 % as the result of the forest destruction, most of which are unproductive. The agricultural fields 

have been abandoned as the result of erosion on the sloping area. One of leading important effects of the land 

degradation is to increase of bed material load of the streams especially flooding occurrence time. The 

accumulation of the sediments in the dam reservoirs has lead to the decrease the water holding capacity of 

dams such as Keban, Karakaya, Atatürk. 

Keywords: Land degradation, sedimentation, gully erosion, Turkey 
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Introduction  

Land degradation which is the main reason of desertification and depletion of the natural potential of the land 

has mostly continued in the semiarid mountainous areas of Turkey and the world (Goudie 2006). The factors 

on the land degradation are not only to human impact on the mountainous areas but also physical and chemical 

properties of some parent materials such as salty and high alkaline evaporitic deposits and outcropped 

ultrabasic/ultramafic rocks in Turkey. Leading land degradation process has been continued on the sloping 

areas on the mountainous areas due to excess utilization of forest products, overgrazing and misuse of the 

lands. Gully erosion process continues on the low cohesive deposits composed of volcanic tuff, sand in the SE 

volcanic areas of Central Anatolia and gravelly and sandy colluvial and fluvio-lacustrine deposits occurring 

on the lower edges of mountains mostly in the Aegean Region. These areas are the mainland of badland 

topography of Turkey. The materials transported from the badland topography and/or gullies areas increases 

the sedimentation in the dam reservoir and flood plains (Atalay 1980). Slope inclination more than 40 % in 

the mountainous areas extending in the northern and in the southern parts Anatolian is the important factor the 

erosion and transportation process. In these areas erosion actively is continuing where natural equilibrium has 

been deteriorated.Some parts of the mountainous areas belonging to VI and VII land capability class have been 

converted to agricultural lands. 6 millions hectare agricultural land is found uncultivated areas of Turkey 

(Topraksu 1976). The cultivation to be carried out on the mountainous area is one of the erosion processes. 

Deforestation depends on two factors. One is to obtain agricultural area and second is to over exploitation and/ 

or excess utilization. The natural forest areas covering 70-75 % of total land of Turkey has been decreased 27 

% most of which is unproductive.Overgrazing having been continued all part of the meadows, rangelands have 

led to decrease of the herb productivity and spread bitter and spiny cushion plants that are not eat by animals. 

Some parent materials such as salty and high alkaline evaporitic deposits and ultrabasic rocks, which are 

outcropped as the result of soil erosion and especially destruction of forest mostly prevents the growth of forest 

trees and agricultural production. These areas are found in bare appearance or desertificated areas. Degraded 

lands account for at least one-forth Turkey's total land (Atalay 2000). 

In this article in order to assess some properties of land degradation only two subjects are taken into 

consideration: human impact and parent material.  

Materials and Method  

In order to introduce the main reasons and results of the land degradation field studies were carried out notably 

by Atalaysince 1970ôs in Turkey. The main reasons of the erosion were examined and soil and parent materials 

samples were collected to determine general physical and chemical of properties parent materials. The analyses 

of these samples were determined at the laboratories of forest research institutes of Forest Ministry and 

Department of Soil Science of Atatürk University, Erzurum and Akdeniz University, Antalya. 

The maps showing the active erosion and land degradation areas on parent materials were introduced. The 

data obtained citied references were used.  
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FINDINGS 

1. Effects of Human Impact 

In order to assess and illuminate the importance of the land degradation, the effects of the misuse of land, 

overgrazing, deforestation are taken into consideration. 

1.1. Misuse of the land 

As a general rule, according to land capability classification the suitable areas for agriculture cover the plain 

and plateau surfaces of Turkey. I, II, III and IV class lands account for 22 % of total land of Turkey, but this 

figure is about 36 % total land of Turkey (Atalay 2014, 2016; Topraksu 1976). Some parts of the mountainous 

areas are devoted to agricultural production. In fact, 6 million hectares agricultural land accounting for 8 % of 

the total land Turkey is found on VI and VII class lands that are unsuitable for cultivation (Topraksu 1976).  

In the sloping part of the plateaus surfaces and hilly areas in the Central Anatolia are also devoted to wheat 

and barley cultivation. 

The people living in the mountainous areas have to engage in agriculture in order to obtain cereals from near-

by areas.Agricultural fields on the sloping areas have led to soil erosion and then parent material erosion, mass 

movements and catastrophic floods in the rainy areas of eastern part of Black Sea Region.Here floods derived 

from the tea and hazelnut gardens have caused to destroy some houses of settlements. That is why, floods, 

mass movements and deaths occur frequently in the Black Sea region. For example a flood occurred in 1994, 

100 houses were destroyed and 67 people died.  In 2018, 7 people died as the result of landslides occurred in 

the Eastern Black Sea Subregion. 

On the other hand, soil erosion on the agricultural land leads to the decrease of soil fertility so that many fields 

have been abandoned. This situation is one of the main causes of the internal migration. 

1.2. Deforestation 

Deforestation starting from the historical time continued up present time in Anatolia. First clearing of forest 

was occurred in the vicinity of Beyĸehir Lake 3000-4000 years before present in the Lakes Region, SW of 

Anatolia. This clearance of the forests which is termed as "Occupation Phase of Beysehir"can be considered 

initial period of land degradation phase in Anatolia (Atalay 1992).Ecologically,the forestscovering 70-75 

percent of total land of Turkey decreased as low as 27 % most of which belong to poor forest stands. 

Deforestation in these areasis the main spreading areas of land degradation in Anatolia. 

There are two main reasons for deforestation: One of them is related to obtain firewood and constructional 

material and other is to obtain agricultural land. For that reason, forests in the vicinity of settlement areas have 

been generally completely destroyed and cleared. The natural regeneration also is prevented with grazing in 

the forest areas. 

In the Mediterranean ecosystem clear-cutting of forest areas are occupied by garrique and over exploited and 

utilised red pine forest areas are replaced by maquis vegetation. For that reason, a great part of the Pinus brutia 

forests are covered with maquis and garrique communities. The forests which are found in upland part of the 
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Mediterranean region have been subjected to over utilisation by nomadic society. Approximately 1 million 

hectares cedar and black pine forest are completely destroyed in the uplands by the nomads (Fig. 1). 
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Figure 1. Main desertification and active erosion areas of Turkey 

In the Black Sea ecosystem, forest areas along the coastal belt are replaced by pseudomaquis vegetation due 

to over cutting of forests. The destroyed forest area in upper part of this region is occupied by Rhododendron 

sp. which is the underground shrub of Fagus and Picea forests. The upper boundary of the forest has been 

shifted more than 200 m. 

The continental part of the Anatolia has been suffered to extensive forest destruction. That is why, dry forest 

areas are occupied by anthropogenic steppe (Atalay 2014, 2015). The Eastern Anatolia containing 

mountainous and rugged topography is one of the regions to have been subjected to forest destruction. Most 

of oak forests have been disappeared in a great part of the SE Taurus Mountains. Soil and parent material 

erosion occurring on the rugged land in the Eastern Anatolia has led to severe sedimentation especially in the 

dam reservoir of Keban, Karakaya and Atatürk.  

1.3. Overgrazing 

One of the main livelihoods of the rural population living in the mountainous areas mostly depends on animal 

breeding. Goats and sheeps are grazed in the rangeland, grassland and forest. Most important problem relating to 

animal husbandry is to apply overgrazing, early-grazing and late-grazing system. In the overgrazed areas the natural 

herb composition of the meadows are degraded so that cosmopolite species composed of bitter and spiny herbs 

tend to be dominant.  Other effect of the overgrazing is to decrease of the herb productivity and grazing capacity. 

In this case, the decrease of the herb productivity of the meadows has caused to decrease the income of peasants. 

Economic hardship in the rural areas is the main reason of internal migration.  

 



 

 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

79 

 

2. Effects of Parent Material 

Low cohesive deposit, ultrabasic rocks and evaporitic sediments are also leading factors in the land degradation 

where natural equilibrium has been deteriorated (Atalay 2000, 2014, Tetik and Yeĸilsoy 1997). The negative 

effects of parent materials on the land degradation can be summarized as follows: 

2.1. Physical properties of the parent material 

The physical properties of parent material such astexture, cohesion, porosity and permeability play an 

important role in de mass movements on the sloping areas especially natural equilibrium deteriorated areas, in 

general. In Turkey, parent materials can be classified into two groups in terms of mass movements and 

erodobilityprocess: consolidated and unconsolidated.  

Consolidated sediments like clay stone, marl deposit and clayey limestoneprevent a great extent water and air 

circulation and root development due to very low porosity and permeability. Marl deposits composed of clay 

and calcareous material also one of the gully erosion areas occurring on the steep slopes. This is related to the 

transportation of swollen surfaces of the marl deposit saturated with water are carried away by the overland 

flow (Atalay et al 2019). 

 The low cohesive or unconsolidated deposits composed of volcanic tuff, sand, agglomerate, colluvial material 

and flyschsubject to erosion easily on the sloping areas. Because, sand and silt particles are easily transported 

by runoff/overland flow; so deep gullies have been developed on the volcanic tuff, sand, flysch and thick 

colluvial deposits. For example, the volcanic tuff and sand deposits in the Cappadocia Region in the SE 

Anatolia have been dissected by the deep gullies. Sandy soil developed on the granite and gneiss also 

corresponds to gully erosion areas. For instance, the deep weathered gneiss in the Malatya Mountains and 

granitic areas in the vicinity of Elazēĵ in the East Anatolia are one of the gully erosion areas of Anatolia.  

2.2. Chemical properties of the parent material 

Chemical compound of the parent material affects the growth of the plant and its distribution and productivity 

and the erosion intensity and sediment yield. Chemical properties of the parent material generally depend on 

the content of soluble compounds in terms of erosion process and land degradation (Fig. 2). The effects of 

some parent material preventing plant growth are briefly explained below. 

Evaporitic sediments 

In the closed basins of the Anatolia the sediments containing alkaline, gypsum and salty materials were 

deposited under hot and arid climatic condition during the Oligo-miocene period. These evaporitic sediments 

appear along the tectonic basins extendingbetween¢ankērē andIĵdēr provinces, in the northern Anatolia, 

Narman-Oltu basin in the NE Anatolia. In the Narman-Oltu basin the chemical analysis of the evaporitic 

sediment on the 30 samples are as follows: pH 8,7-9,9, CaCO3 0,07-29,3 % soluble  Cl 0,11-3,58 me/100 g, 

bicarbonates 0,05-0,70 me/100 g, sulphates 0,28-32,4 me/100 g, sodium exchange 2,3-75,1 me/ 100 g, 

exchangeable sodium percent (EPS) 7,3-44,1, sodium absorption rate (SAR) 0,53-55, electrical conductivity 

at 25oC 0,27-36,7 milliohms /cm (Atalay 1982a and 1982b). These salty and alkaline deposits are very 

vulnerable for the chemical erosion due to the dissolutions of salts and carbonates. Besides the runoff occurring 

on these deposits has led to the formation of deep gullies as the result of the mainly chemical erosion.On the 
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other hand, in these areas landslides, slope debris and slope slides are common because of the fact that these 

deposits dissolve when they are saturated with the atmospheric water (Fig.2). The dissolution of evaporitic 

sediments leads to the landslides in the steep slopes of the Aras river valley.  

2.3. Ultrabasic/Ultramafic Rocks 

The ultrabasic rocks which are mainly composed of peridotite-serpentine are widespread along subduction 

zone along the orogenic belt of Anatolia. Deep and good weathered ultrabasic rocks form a good habitat for 

the growth of the forest vegetation due to the abundant release of the plant nutriments. But unweathered and 

semi weathered rock surfaces are seen as a bare land because the released plant nutrient capacity is very low. 

For example, cation exchange capacity (CEC) of deep weathered serpentine-peridotite rises 50 me /100 g,while 

this figure is less than 10 me/100 g on the low and semi-weathered surfaces. For instance, the cation exchange 

capacity of 12 serpentine soil samples that are taken from the Malatya Mountains in the SE part of Anatolia 

ranges from 2 to 37 me/100 g and this figure changes between 2 and 50 me/100 g on the serpentine in the 

Burdur-Gºlhisar Basin in SW Anatolia (Altunbaĸ 2019, Altunbaĸ et al 2019, Atalay et al 2019). Low 

weathered and unweathered serpentine-peridotite areas correspond to the desertification areas of Anatolia as 

are seen in the east of Gºlbaĸē, the some parts on the southern edge of SE Taurus Mountains, Datça peninsula, 

some part of Burdur-Gºlhisar Basin, Karadaĵ Mountain nearNarman town, E of East Anatolia and northern 

part of Amanos Mountain, E of Iskenderun Gulf and so on. 
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Figure 2. Parent materials affecting the land degradation and plant distribution in Turkey 

On the other hand, swollen surfaces when saturated with water of peridotite-serpentine have subjected to gully 

erosion, because particles on the swollen surface are easily transported by runoff or overland flow.Shortly, the 

negative effects of some parent materials have increased the land degradation processes in Turkey (Fig.2). 
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3. Conclusions 

We can reach some important conclusions are as follows:  

Land degradation is the vital importance of Turkey in term of both economic and social aspects.Misuse of land in 

Turkey has caused the decrease of the forest cover and agricultural productivity and increasedthe desertification 

process. Bare lands appearing on the steep slopes are the result of typical desertification process. The low 

productive areas account for c. a half part of Turkey.The floods have caused the increase of modern sedimentation 

both in the flood plain and dam reservoir.  Dam reservoir capacity is getting decreasing due to intense 

sedimentation. The dams constructed 40-50 year ago lost c. a half of the water carrying capacity. 

Evaporitic sediment and low cohesive deposits that have been dissected by gully and rill are responsible for 

the formation of bed-land topography, mass movements and the increase of desertification process. Land 

degradation is one of the main reasons of the internal migration; a major part of urban population migratedfrom 

mostly degraded rural area. The increase of the unproductive or low productive areas caused the decrease of 

the food production and food security.Very rich biodiversity in the mountainous areas have been decreased 

due to the deforestation and soil erosion.  
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The Importance of Marl Deposits on the Soil Formation, Land-Use and Land 

Degradation in Turkey 

Ķbrahim ATALAY 1, Sevda ALTINBAķ2, Muzaffer SĶLER3 

Abstract 

Turkey land which is located in the Alpine-Himalayan orogenic beltcontains all geological parent materials 

and they determine considerablyphysical and chemical properties of soil, land use and land capability 

classification notably on the sloping areas.Marl deposits containing c. 50 % clay and 50 % CaCO3 have formed 

both on the lacustrine (lake) and shallow marine facies. Marldeposits may divide into four main groups 

containing clay content, geologic period and inclination of layer in terms of soil formation and land capability 

classification.Lower Tertiary marl deposit on the flat lands is the formation of red Mediterranean soil.Marl 

deposit containing rich clay on the flat lands are the main occurrence areas of Mollisol ordo, rendoll subordo 

(Rendzina) and clayey marl deposit corresponds to spreading areas of Vertisol as is in Thrace, bottom land of 

Muĸ Plain and southern part of Marmara Region.Young marl lake deposits belonging to Pliocene period have 

only thin A horizon, whileA horizonhas not developed on Pliocene and Quaternary marl deposits due to elapsed 

time is insufficient.As a general rule, almost all soft marl deposits on the flat land and slightly inclined slopes 

are partly suitable for agricultural production. Indeed, cereals are produced on marl deposit in the semiarid 

parts of Turkey.While marl deposits on the steep slopes havebeen subjected to the formation of gully erosion, 

because atmospheric water mostly flows as overland flow due to very low infiltration capacity. These areas 

have been dissected withgullies can be classified as VIII land capability class. Some of these areas are found 

in the eastern part of Lake Burdur and middle part of Göksu River basin in Mediterranean Region, and 

northeastern part of Central Anatolia. On the other hand, forest productivity is low on the hard and horizontal 

layered marl deposits, due to the fact that the vertical rootdevelopment of the trees mostly are hindered on the 

hard and compact horizontal layers some of which are common in the Taĸeli Plateau and in the eastern part of 

Lake Burdur Basin. 

Soft marl deposits on the flat land is one of the agricultural lands belonging to land capability class IV in the 

semiarid region of Turkey, but irrigation areas of the marl depositbelongs to land capability class III due to the 

high agricultural productivity as compared to the semiarid lands. CEC (Cation exchange capacity) of marl 

deposits changingbetween 20 and 40 cmolc kg-1 is enough for the production of cereal crops. 

Keywords: Marl deposit, soil formation, agriculture, land classification, Turkey 

1. Introduction  

The parent materials on the sloping areas are one of the main decisive factors for the formation of soil, land 

capability classification and land degradation. This situation frequently changes depending on lithologic 

properties of the each parent material. For instance,deep weathered granite and gneiss producing sandy soil 
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with c. 10 cmolc/kg-1create a suitable condition for the growth of stone pine (Pinus pinea) in the Mediterranean 

climate and scots pine (Pinus sylvestris) in the humid and subhumid-cold climate in Turkey. When the sandy 

soil transported by the surface flow the hard rocks mainly composed of granite and gneiss convert rocky lands 

belonging to land capability class VIII. Productive potato and grape and some trees such as stone pine (Pinus 

pinea) and scots pine (Pinus sylvestris) grow on the volcanic sand and tuff due to deep and large root 

development. Deeply weathered serpentine-peridotite producing clay and clayey loam texture and high 

nutriment capacity ranging from 20 to 50 cmolckg-1 form a fertile agricultural land and highest productive black 

pine (Pinus nigra) forest is found on the deeply weathered serpentine-peridotite. While unweathered and/or 

low weathered serpentine with CEC is less than 10 cmolc/kg-1 form a poor habitat on which sparse and 

chaparralappearancetrees are found (Atalay et al 2010, 2014 and Atalay et al 2019, Altunbaĸ 2019). Limestone 

producing clayey soil with c. 30 and 40 cmolc/kg-1 that has developed on the cracks and bedding surfaces in 

the slopping areas contributes to productive forest lands due to the tree roots easily develop along the cracks 

and among the limestone layers. Red Mediterranean soil (Luvisol) is common on the limestone in the flat lands 

on which almost all vegetable and fruits are cultivated. Evaporitic sediments formed on the closed basin under 

the hot climatic conditions in the Anatolia containabundant salt, gypsum and alkaline materials. For this reason, 

exposed evaporitic sediments on the eroded sloping areas prevent the growth of vegetation. Marl deposits 

formed in the tectonic depressions and subsidence areas of Turkey arethe one of the main agricultural lands of 

Turkey.Clay content, inclination of layers and the geological period of marl deposits determine a great extent 

the soil formation, vegetation productivity, erodobility and land capability class in the given area. Marl deposit 

on the sloping area is vulnerable for land degradation. Gully and rill erosion that formed on the steep slopes of 

the marl deposit involves one of the land degradation areas of Turkey (Atalay 2014, 2016). 

As to the soil classification on marl deposit, marl deposit-rich calcareous is the main occurrence areas of 

Calcisols. These soils widely occur especially on the marl deposit in the semiarid lands of Turkey (Akça et al 

2018, Kapur et al 2018). Rendzic Leptosols are also found on the sloping and undulating topographies of the 

Aegean and Mediterranean parts of the Turkey. Erosion is the common threat process for these soils when they 

are under cultivation on the sloping areas (Kurucu et al 2018).Soil developed on the marl deposit and clayey 

limestone is rendzina and Rendoll subordo of Mollisol according to 1949 and 1975 soil taxonomy, respectively. 

Thesoils developed on the lowland parts of Central Anatolia, Thrace and SE Anatolia often reflect the physical 

and chemical properties of marl deposits (Driessen 1969, 1970, Cangir et al 1990, Dinç et al 1993, Atalay 

2016b). 

2. Method and Materials 

Firstly the geologic formation of marl deposit and its distribution in Turkey are explained (Fig. 1). Lithologic 

properties of the geological parent materials on the soil formation were examined during the field studies in 

some part of Turkey and soil and parent material samples were taken for analysing in laboratory. Characteristic 

examples that were taken from marl deposits that formed different periods of Neogene in the Burdur Basinwere 

analysed at the laboratory of the Soil Department and Plant Nutrition of Akdeniz University and the laboratory 

of Izmir Forest Research Institute of Agriculture and Forest Ministry. Texture of soil samples was determined 

based on Bouyoucos hydrometer method (Bouyoucos 1955), CaCO3 (Jackson, 1967) and pH were determined 

based on Evliya (1964) and Jackson (1967) methods, respectively and CEC was determined Kacarôs method 

(1995). 
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This study makes use ofsoil formation, soil geography of Turkey and geomorphology and 

pedogeomorphological studies (Atalay 1977, 2016c, 2017; Atalay et al. 2018, 2019 and Altunbaĸ2019, 

Altunbaĸ et al 2019). Geologic cross-section and profiles were drawn to show the soil formation relationship 

between the geological age of marl deposits and soil profile. 

3. Findings 

3.1. The Formation of Marl Deposit in Turkey  

After the Alpine orogenic movements, vertical tectonic movements called ñneotectonic movementsò occurring 

between Middle-Upper Miocene and Last Pleistocene caused the formation of tectonic depressions that were 

formed along the faults lines. Thus, horst-graben structures especially on the rigid masse of Anatolia and 

subsidence areas in the Central Anatolia and middle part of Taurus Mountains were formed. These areas were 

occupied by the lake and sea in which sand, sandy clay and carbonates were accumulated. The regression of 

these lakes and seain the ends of Tertiary the marl deposits alternating marl, siltstone, sandstone and soft 

limestone layers were emerged in Anatolia and Thrace.Besides, marl depositswere also formed in the lakes 

occupied karstic-tectonic depressions especially in the western part of Taurus Mountains (Atalay 2017).   

 

The yellow colour shows marl and soft clayey limestone and evaporitic sediments belonging to Tertiary Era. 

Figure 1. Geologic and lithologic map of Turkey 

3.2. Soils on the Marl Deposit on the Flat Lands 

Soil thickness and horizon development on the marl deposit is mainly related to the geological period and clay, 

sand-silt content and alternating of sandy-gravelly layers in the marl deposit. The properties of marl deposit on 

the soil formation are explained below. 
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a. Geologic ageof marl deposit.Marl deposits and clayey limestones or soft limestones were formed on the 

shallow sea and lake facies occurred during the Tertiary Era. Generally, Lower Tertiary (Eocene) marl deposits 

belonging to sea facies are widespread in the depression of East Anatolia, northern and southern lowlands of 

the South-eastern Taurus Mountain range, Miocene marl deposits are common in the middle part of the Taurus 

Mountain. Neogene marl deposits occurring in the Aegean grabens and Central Anatolia lowlands were formed 

under the lake facies (Fig. 1). As a general rule, soil formation and soil type changes depending on the geologic 

period and/or age of the marl deposit on the flat lands. Red Mediterranean soils developed under the 

Mediterranean climatic conditions on the marl belonging to Lower and Middle Neogene. These soils are found 

on the marl deposit in the northern part of the Karacabey Plain, N of Aegean Region, partly in the Korkuteli 

depression in the western part of Taurus Mountains and northern part of Acēpayam depression in the SW 

Anatolia.Clayey marl depositsof Middle Neogene period correspond to the vertisol occurrence areas in the 

Ergene Basin (Thrace), Muĸ Basin (East Anatolia) and Karacabey Plain (NW of Anatolia), Harran depression 

(SE Anatolia) (Atalay 1983, 2016c). Here soil of A horizon with granular structure and high organic content, 

B horizon with accumulation of calcium carbonate and C horizon with semiweathered marl. Neogene deposits 

in the Karacabey Plain and Eastern Anatolian depressions and Kastamonu plateau, N of Anatolia are the main 

spreading areas of Mollisol belonging to the Rendoll subordo (Rendzina soil).  Upper Neogene (Pliocene) marl 

deposits are generally devoid of soil horizon, only partly weathered C horizon is found. There is no horizon on 

re-deposited marl deposit of Quaternary in the southern part of Burdur Basin. 

Soil formation beginning with Rendzina soil on the marl deposits converts to climatic soil type such as brown 

soil under the semiarid climatic conditions and red Mediterranean soil under the Mediterranean climatic 

conditions (Atalay 2016c). 

Shortly, it can be said that there is no mature soil cover on the Pliocene and Early Quaternary marl deposits. 

Firstly, this is related to continual erosion on the steep slopes of marly areas. Secondly, enough time not elapsed 

for soil formation on the flat land in the lowlands of the basins. Furthermore, formation of soil on marl deposit 

takes a long time at least a few million years in age because weathering process is very low on marly materials. 

These deposits are widespread on the regressed lake basin at the end of Pleistocene due to capture of lake by 

river. These lands are found on the some parts of Central part of Anatolia and the Lake Burdur Basin, in general. 

Dry farming is applied on the exposed marl deposits on which wheat and barley are harvested. 

b. Clay, sand-silt content of marl deposit. Marl deposits with high clay content more than 60% is very 

hardand water and air circulation is very limited. Here soil thickness is very thin due to weathering process is 

very low.  For example, thin A horizon, 3-5 cm in thick, is developed on the neogene clayey marl deposit in 

the upper erosion level that developed on the Upper Neogene periodin the Burdur Basin (Atalay et al 2019, 

Altunbaĸ 2019, Altunbaĸ et al 2019). The presence of sandy and silty marl layer forms a soft ground not only 

for the deeply development of tree roots but also increase of the weathering process. Thus, soil development 

is faster on the silty-sand layers than that of clayey marl deposit.  

The sandy and gravelly layers belonging to fluvial deposits that formed on the regression phase of the lake are 

responsible for the formation of sandy and gravelly soils. There is only A horizon on exposed sandy-gravelly 

layers due to the fact that the fine materials derived from A horizon easily transport to the deeper part via wide 

pores of sandy and gravelly materials. 
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Burdur and Gölhisar basins in the Lakes Region in Turkey bring about a good example to explain soil formation 

on the erosion surfaces developed on the Neogene marl deposit. The erosion surfaces that formed from the 

middle Miocene to Early Quaternary periods according to base level of the Burdur basin contain different 

physical and chemical properties of soil. The old erosion surfaces at an elevation of 1350 and 1200 m contain 

soil resembling rendzina soil. But almost all soils reflect physical and chemical properties of marl deposit. 

Indeed, pH of the soil changes between 7.4-7.8; CaCO3 content varies between 18-23%, clay content is more 

than 20%. Texture is clay, clayey loam, and silty loam (Fig. 2, Table 1). 

 
Soil formation not developed on the young erosion surfaces probably belonging to Pliocene-Upper Quaternary 

Figure 2. Erosion surfaces formed on neogene marl depending on the base level of Burdur depression.. 

Table 1. Some physical and chemical analysis of marl depositon the erosion surfaces in the east of Burdur Basin 

The location of samples and 

altitude 

Lithology of 

Parent material 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture pH CaCO3 

(%) 

Organic 

material 

(%) 

CEC 

cmolc/kg-1 

Erosion surface in the east of 

Burdur Basin, 1350 m 
Marl deposit 17.03 26.82 56.14 SiL 7.5 53.71 1.57 23.3 

Same place Marl deposit 19.03 41.82 39.14 C 7.53 54.33 1.64 23.4 

Kuruçay basin E of Burdur Basin, 

1300 m 

Sandy marl 

deposit 
65.03 12.82 22.14 SL 7.32 17.65 2.13 15.4 

Akyaka village agricultural field, 

1300 m 

Silty marl 

deposit 
19.03 18.82 62.14 SiL 7.50 42.41 1.83 21.4 

Bottom of Burdur, 950 m Re-doposited 

marl 
14.2 61.44 24.36 C 7.73 21.73 1.98 26.4 

ñ ñ 14.2 53.44 32.36 C 7.62 22.37 1.98 19.8 

Kemer Marl Marl dep. 1 69 30 C 7.66 31.6 0.6 22.1 

Between Kemer-Kozluca village Hard and white 

marl 
43 9 48 L 7.64 56.2 0.7 11.4 

Kemer-Kozluca, SE of Burdur  Swollen marl 21 23 56 SiL 7.64 40.6 0.4 10.5 

850

900

950

1000

1050

1100

1150

1200

1250

1300

980m

1040m

1115m

1200m

1300-1340m

1350

1400

m

Lake 
Burdur

E1
E2 995m

E3

E4

E5

E6Soil cover

Ultramafic rock 
(Peridotite-serpentine)

Mesozoic limestone

Marl deposit of Neogene lake

Old  erosion surface containing mature and submature soil coverYoung terraces erosion surface

Quaternary fluvio-limnic 
deposit
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On the lower level erosion surfaces on the marl deposit CaCO3 content varies between 22% and 33 %, clay 

content changes between 10% and 32%, texture is clayey loam and loam. While re-deposited marl deposit that 

has been formed with transported materials from the upper part of neogene marl deposit on the lowland part of 

the Burdur basin is generally heavy texture due to the accumulation of clayey materials. Indeed, the amount of 

the clay changes between 53% and 61 %, indicating clay texture andcarbonate content is approximately 22 %.  

Agricultural fields are found on the erosion surfaces on which mainly wheat and barley are produced for 

domestic requirement of the rural people and high productive agricultural fields are found on the upper erosion 

surfaces (Atalay et al 2019). 

3.4. Land Degradation on Marl Deposits 

Land degradation process occurs on the steep and/or inclined surface of the marl deposits. Because when marl 

deposit is saturated with water, infiltration capacity rapidly decreases, so overland flow occurs immediately 

after heavy rainfall. Rill erosion occurs on the steep slopes with the transporting of fine sandsand swollen 

materials notably clay on the marl deposit. With the merging of rills gully erosion formation develops, and in 

the further stage with the merging of gullies the deep and wide gullies dissecting of the steep slopes form. 

These landforms, called badland topography, can be assessed as a land capability class VIII. These landforms 

which are observed on the steep slopes of neogene marl deposits are one of the land degradation areas. Land 

degradation areas dissected by badlands are found in the eastern part of the Lake Burdur-Gölhisar Basin. Fault 

scarp,more than 100 m in height, extending eastern part of Lake Basin has been deeply dissected by the 

triangular shaped gullies (Atalay et al 2019, Altunbaĸ 2019). The floods coming from the gully areas transport 

mostly suspended load. In other words, gully areas that formed on the marl deposit is the main suspended load 

supplies areas. The accumulation of suspended materialson the lowlands of basin has led to the formation of 

clayey soil. 

Other gullies areas on marl deposits are found in the vicinity of Beypazarē town in Central Anatolia, upper 

watershed areas of Ceyhan and Seyhan River basin, N of Çukurova (Cilician Plain), Upper Göksu watershed 

basin, middle part of Taurus mountain, Mediterranean Region, northern part of Muĸ Basin, some part of the 

inner part of west Anatolia and southern edges of SE Taurus Mountains,Natural slope equilibrium deteriorating 

on gully erosion areas has caused the mass wasting process especially debris flows. The plants seeds 

transporting with debris flows prevent growth and spreading of plans, for this reason the steep slopes of gullies 

are seen as bare land. 

3.5. Land-Use on the Marl Deposits 

As mentioned before, marl deposits on the flat land is one of the main spreading areas of agricultural land due 

to easily plough. For this reason, these agricultural fields are found on plateau and basin surfaces on marl 

deposits of Turkey.  Dry farming which is carried out on the semiarid part of the Turkey are assessed as land 

capability class IV on which cereals mostly barley and wheat are harvested. While irrigated areas of marl 

deposits are the main vegetable and fruits especially apple production. These irrigated areas may be added land 

capability class III in semiarid parts of Turkey due to climatic limitations (Atalay 2016). 

On the other hand, the important property of the marl deposit on the sloping and undulating areasis subjected 

to continual erosion.But agricultural practises go on these areas, because new and/or freshmarl deposit 
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continually exposed beneath the eroded areas. For this reason, the steep slopes of marl deposit belonging to 

land capability class VII are also devoted to agricultural field in the many part of Anatolia (Atalay 2016a). 

As to forest productivity on the marl deposit, generally speaking that marl deposit containing hard and compact 

layers considerably prevent to develop taproot structure of trees. For this reason, the forest productivity is less 

than that of other sedimentary parent materials such as conglomerate, sandstone and limestone. The growth 

rate of Calabrian pine (Pinus brutia) on the horizontal layered marl deposit is low due to the fact that the 

horizontal hard layer mostly prevent the development of the root toward the deeper part of marl deposits. 

Reforestation and afforestation on the marl deposits. The seedlings planted on the marl deposit grow very slowly 

due to root developmentis very hard. For this reason, most of the planted seedlings dryon the compact and hard 

marly layer. During the field studies it is observed that majority the seedling are subjected to dry because the 

development of seedling roots is prevented by the compact marl layer at the depth of c. 10-15 cm (Atalay 2014). 

4. Conclusions 

Main properties of the marl deposit are summarized below: 

1. Marl deposit creating a distinct environment and/or biomeis more different than that of other parent 

materials.2. There is no considerable difference between the physical and chemical properties of marl deposit 

and soils. 3.  Mature soils like red Mediterranean soils are mostly found on the Lower Tertiary marl, while 

submature soils like rendzina and/or rendoll are widespread on the Upper Tertiary marl deposits. Cation 

exchange capacity is higher on the old deposit than the young ones.4. Marl andsubmature soil on the flat lands 

are devoted to agricultural field due to easily plough. Most of the agricultural lands belonging to land capability 

class IV are found on the neogene marl deposits. 5. Compact and horizontal layered marl layers often prevent 

the deep root development, while sandy marl and incline layered marl deposits support to formation a 

somewhat productive forest. 6. Marl deposits on the sloping areas are very vulnerable and/or sensitive for the 

land degradation. Clear-cutting vegetation areas on the sloping lands are the main occurrence areas of badland 

topography. 
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Determination of Soil Erosion Risk for Samsun Province Using Multi Criteria Decision 

Analysis based on Fuzzy-AHP Approach 

Ķnci DEMĶRAĴ TURAN1, Orhan DENGĶZ2, Barēĸ ¥ZKAN3 

Abstract 

Soil erosion is one of the leading environmental problems of the world. The erosion risk of soils can be 

evaluated directly carried out in the field, or laboratory by means of some experiments or indirectly based on 

developing and applying models. The main aim of this study is to determine erosion risk classes in Samsun 

province with the help of geographic information system (GIS), multi-criteria decision-making and statistical 

approaches. Samsun province covers about 957900 haand total 995 soil samples were taken from soil surface 

(0-20cm). In the study, it was created total data set (TDS) consisting of soil texture, soil depth, sandy, clay, 

silt, land use, vegetation, slope, erodibility and erozivity. In addition, in order to generate minimum data set 

(MDS), principal component analysis was done. MDS consists of sandy, erodibility, vegetation, land use and 

erosivity.  Fuzzy Analytic Hierarchy Process was performed for determining the levels of importance of the 

criteria. Finally, Linear Combination Technique was used to estimate erosion sensitivity. Moreover, spherical 

semivariogram model of ordinary kriging was used to generate distribution map of the erosion risk classes in 

TDS. According to results, about 61% of the total area has severe and very severe risk of erosion whereas, 

about 10% is low. In addition to that, gaussian semivariogram model of ordinary kriging was used to create 

distribution map of the erosion risk classes in MDS. According to this analysis, about 57% total study area 

was found as severe and very severe erosion risk while, it was found that about 11% of it is low risk. 

Consequently, this present study showed that when used MDS, it was estimated soil erosion risk which is so 

close to TDSô results 

Keywords: Fuzzy-AHP, Principal Components Analysis, Erosion risk 

1. Introduction  

Soil erosion is one of the leading environmental problems of the world. In many areas, loss of this valuable 

natural resource takes place almost imperceptibly and difficulty of detection since erosion is generally a 

gradual process and because of the long time spans involvedas well as significantly large area or large 

catchment scale (Dengiz, 2007).Today, along with the current techniques such as remote sensing and 

geographic information system (GIS) technologies, by using multi-criteria decision analysis (MCDA) 

approaches for making rational analyses and evaluations, these difficulties can be overcome. MCDA can be 

defined as choosing the one that is most suitable for at least a purpose or factor among a set of options. 

The objective of this study is to characterize the spatial distribution of soil erosion risk in Samsun province 

help of MCDA and GIS. Ultimately, the assessment will help prioritize critical areas for adopting suitable soil 

erosion prevention measures. 
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2. Materials and Methods  

a. The Study Area 

This study was carried out in Samsun province located in the Central Black Sea region of Turkey. The Samsun 

province is situated between 34Á 51ô 59ôô- 37Á 06ô 21ôô west-east longitudes and 40Á 49ô 54ôô- 41Á 43ô 06ôô 

north latitudes in the middle of Central Black Sea region (Figure 1).  

 

Figure 1. Location of study area. 

b. Methodology 

The sites weredivided into 2.5 x 2.5 km grid squares. Total 995 soil samples were collected from surface (0-

20 cm) depth of each grid intersection point in cultivated fields of Samsun province. 

The ten measured parameters were used in a total data set including erodobility, slope, land use, sand, clay, 

silt, soil depth, organic matter, erozivity and vegetation. All point soil erosion risk was calculated from the 

total data set obtained. The minimum data set was then created.The Minimum data set selection was 

determined to reduce dimensionality using principal component analysis (Doran and Parkin, 1994; Qi et al., 

2009; Nabiollahi et al., 2017). As a result of factor analysis, groups with eigenvalues equal to 1 or greater than 

1 were considered as factors and critical factor load was taken as 0.5 (Andrews et al., 2002, Wander and 

Bollero, 1999). For each factor, soil variables with high factor loadings were assumed to be the indicators that 

the best represent changes in soil erosion risk and were defined as having absolute values within 10% of the 

highest factor loading (Andrews et al., 2002; Govaerts et al., 2006; Sharma et al., 2005; Nabiollahi et al., 

2017).  

The Analytical Hierarchy Process (AHP) is one of the commonly used methods in multi-criteria decision 

making problems. The AHP is developed by Saaty (1980). AHP method does not reflect the humanistic way 

of thinking, even if it takes the knowledge of the expert. Fuzzy-AHP (FAHP) method has been proposed to 

overcome these deficiencies. In this study, the first step classes for each criteria was made and these classes 

takes value between 1 and 4. The least favour value of sub-criteria is 1 and the most beneficial value of sub-

criteria is 4 for soil erosion risk (Table 1). 

There are many FAHP approaches introduced by various authors in theliteratures (Buckley, 1985; Chang, 

1996; Deng, 1999). In this studyerosion analysis, Buckleyôs (1985) FAHP method was used in order to 

determine the criteria weights. 
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Table 1. Parameters and their weighting factor rates for soil erosion risk. 

Erodibility Slope % Land use Erozivite 

Class Value Class Value Class Value Class Value 

0.00-0.05 1 0-2 1 Forest 1 <60 1 

0.05-0.10 2 2-6 2 Grassland 3 60-90 2 

0.10-0.20 3 6-12 3 Agriculture 4 90-120 3 

0.20+ 4 12-20 4   >120 4 

Organic matter Texture (sand, silt, clay) Soil depth Vegetation 

Class Value Class Value Class Value Class Value 

< 1 4 Clay 4 90+ 1 >70 1 

1-2 3  L, SĶC, SĶCL, 
SĶL 

3 50-90 2 70-40 2 

2-3 2 LS, S 2 20-50 3 40-10 3 

3-4.4 < 1 CL, SL 1 0-20 4 < 10 4 

 

In finally step, weighted linear combination formula was used to soil erosion risk for each sample point. Also 

various interpolation methods (Inverse Distance Weighing-IDW with the weights of 1, 2, 3 and radial basis 

function-RBF with thin plate spline (TPS), simple kriging (OK) with spherical, exponantial and gaussian 

variograms, ordinary kriging (OK) with spherical, exponantial and gaussian variograms, universal kriging 

(OK) with spherical, exponantial and gaussian variograms) were applied for predicting the spatial distribution 

of soil textural and climatic datawith ArcGIS 10.5v. In the present study, root mean square error (RMSE) was 

used to assess and figure out the most suitable interpolation model. Thatôs why, the lowest RMSE indicates 

the most accurate prediction. In addition, in order to create the best arrangement of values in to the different 

soil erosion risk class, Natural Break method developed by Jenks (1967). 

3. Results 

In the study, FAHP method was used for the determinationof the relative weights of the criteria that will be 

considered for erosion.Among the total data set (10 criteria)and minimum data set (5 criteria)that were used, 

there is no hierarchical relationship. The pairwise comparisons that were made by the decision-makers were 

regulated according to the pairwise comparison scale in Gumus (2009).The pairwise comparison matrix for 

total and minimum data sets, which was created as a result of the evaluation of the decision-makers, is 

presented in Table 2 and Table 3.After pairwise comparisons were made, criteria weightswere obtained by 

following the FAHP steps.The highest value (0.214) was for vegetation criterion of erosion. Land use value 

was 0.193, slope value was 0.139, erozivity value was 0.123, organic matter value was0.108, soil dept value 

was 0.066, erodobility value was 0.059, clay value was 0.046, silt and sad value was 0.030, 0.021. The linear 

combination technique was used to calculate each soil sample. Comparison of interpolation methods for 

erosion is provided. Finally, spherical model of ordinary kriging function was used to estimate at unsampled 

locations and their distribution maps were presented in Figure 3 (A). Approximately 60.7% of the study area 

is high and very high erosion risk while approximately 9.9% is included in a low (Table 4).  
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Table 2. Pairwise comparison matrix for total data set soil erosion risk. 

 Erodobility Slope Land 
use 

Sand Clay Silt Erozivity Soil 
depth 

Vegetation Organic 
matter 

Erodobility 1 1/4 1/4 5 2 3 1/3 1/2 1/3 1/2 
Slope 4 1 1/2 3 3 3 2 3 1/3 3 

Land use 4 2 1 6 3 4 3 3 1/2 3 
Sand 1/5 1/3 1/6 1 1/3 1/3 1/3 1/5 1/7 1/5 
Clay 1/2 1/3 1/3 3 1 3 1/3 1/3 1/3 1/5 
Silt 1/3 1/3 1/4 3 1/3 1 1/5 1/3 1/5 1/5 
Erozivity 3 1/2 1/3 3 3 5 1 6 1/3 2 

Soil depth 2 1/3 1/3 5 3 3 1/6 1 1/3 1/3 
Vegetation 3 3 2 7 3 5 3 3 1 2 
Organic matter 2 1/3 1/3 5 5 5 1/2 3 1/2 1 

 

Table 3. Pairwise comparison matrix for minimum data set soil erosion risk. 

 

 

 

 

 

 

The first five PCs explained 78.810% of the variance of the original data (Table 5). Sand had the highest 

loading value was selected as reflect PC1, erodobility had had the highest loading value was selected as reflect 

PC2, vegetation, land use and erosivity had the highest loading value for erosion reflect respectively PC3, 

PC4, PC5. Pairwise comparisons were made, criteria weights with minimum data setobtained by following 

the FAHP steps. The highest value (0.407) was for vegetation criterion of erosion. Land use, erozivity sand 

and erodobility value was respectively 0.270, 0.191, 0.066 and 0.066.  

According to the minimum data set, the calculation was made to the soil erosion risk.  Gaussian model of 

ordinary kriging function was used to estimate or predict erosion risk at unsampled locations and their 

distribution maps were presented Figure 3 (B). While more than half of the study area was determined to be 

high and very high for erosion risk, 10.9% of the total area has been identified low for erosion risk (Table 4).  

Table 4. Total and minimum data set area and ratio (%) for soil erosion risk  

 Total data set Minimum data set 

 Area (ha) Ratio (%) Area (ha) Ratio (%) 

Low 94924 9,9 104812 10,9 

Moderate 281342 29,4 307588 32,1 

High 345012 36,0 367860 38,4 

Very high 236622 24,7 177640 18,5 

 Erodobility Vegetation Land use Sand Erosivity 

Erodobility 1 1/5 1/5 2 1/5 

Vegetation 5 1 2 5 3 

Land use 5 1/2 1 3 2 

Sand 1/2 1/5 1/3 1 1/3 

Erosivity 5 1/3 1/2 3 1 
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A     B 

Figure 3. Map of total data set for erosion risk (A), map of minimum data set for erosion risk (B). 

 Table 5.Results of PCA for soil erosion risk in Samsun 

Underlined factor loadings are considered highly weighted. 
Bold factor loadings selected as MDS. 

4. Conclusions 

In this study, it has been tried to determine total data set and minimum data set for erosion risk. The areas 

where especially the vegetation cover is poor, and slope is high the areas where the agricultural areas and poor 

pasture have been identified as too high erosion risk. MCDA technique is a powerful tool for resolving 

complexalternative choosing problems.Also, using GIS techniques, which is considered as one ofthe advanced 

technologies of today, allows obtaining, investigatingand/or analyzing, storing a large volume of data 

andinformation in a short time, and producing different maps. The soil erosion spatial distribution can provide 

local practitioners a basis for comprehensive management and sustainable land use in the study area. 

 

 

Principal Component 
Analysis 

Factor 

1 2 3 4 5 

  Eigen value 1.88 1.70 1.49 1.24 1.14 

  Percent 38.13 15.45 14.54 23.34 11.36 

  Cumulative percent 28.13 45.58 58.13 69.47 78.81 

Eigen vectors 

Erodobility 0.024 0.785 0.005 0.475 -0.009 

Slope 0.054 0.057 0.146 -0.059 0.103 

Clay  -0.021 0.495 0.075 -0.338 0.051 

Sand  -0.955 0.007 0.095 -0.164 -0.094 

Land use 0.733 0.246 -0.518 0.906 0.063 

Silt 0.486 -0.329 0.567 -0.089 0.013 

Organic matter  0.121 0.007 0.483 -0.174 0.271 

Soil depth 0.604 -0.135 0.158 0.035 -0.169 

Vegetation -0.172 0.365 0.941 -0.045 0.671 
Erosivity 0.051 -0.652 0.066 -0.109 -0.749 
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Land Degradation Trendsin Polandand Combatingits Negative Impact on the Food 

Production 

TWARDOWSKA I. 1, MISZCZAK E.
1
, STEFANIAK S.

1
 

Abstract 

Although land desertification and erosion resulting from global warming and climate change, but also from 

over-population or overconsumption in the EU to the greatest extent affects the Mediterranean region, some 

other Member States in Central and Eastern Europe, including Poland, are vulnerable to land degradation. 

According to Polish Central Statistical Office, in total area of the country (31268 thousand ha), agricultural 

land in 2017 accounted for 60. 16 % (18810 thousand ha).Of this,in 2017 in relation to 2016, a decrease of 

arable land, meadows and pastures by 64.5 thousand ha, and forest land by 202 thousand ha was reported. 

Agricultural land designated annually for non-agricultural purposes, mostly residential, since 2000 has been 

steadily growing, and in 2016 reached 4425 ha, of this agricultural land of I-III quality class accounted for 

43% and forest land for 10%. Current agricultural production of Poland is dominated by grain growth (73 % 

of area), predominantly of wheat, rye and barley, and five other cereals. Average crop yield is relatively low 

(~3.1 T/ha) and variable, due to weak soils, low precipitation and unfavorable climatic conditions. The 

scenarios of climate change in Poland during the 21st century (from 1971-1980 to 2071-2090) consider 

increase of annual average temperature from 7.4 to 10.6 0C, number of days with Tmax>25 0C from 27 to 52, 

and the longest dry period from 20 to 24 days. Therefore, a vital task for such prospects is to select cultivars 

resistant to the heat waves and droughts and well grown on the weak soil. For this, a pot experiment has been 

conducted in triplicate on 14 barley cultivars during hot and dry late spring/summer season of 2018 (day 

temperatures during vegetation were as high as 21-51
0
C, at night 5-35,°C) For the experiment, also the worst 

VI class soil was used, in addition in two sets highly polluted with Cd (15.2 and 16.9 mg Cd/kg, DW). All 

seeds were checked for germination showing 95-100% efficiency. The plants were fertilized entirely through 

leaves. All cultivars showed decreased growth of both roots and shoot, and weak development of ears and 

grains. Nevertheless, among studied cultivars, four showed 84-100 % survival in all repetitions, and the highest 

number of ears and formed grains. These cultivars create good prospects for further adaptation to extremely 

long droughts and heat waves, at relatively weak soil conditions. The study was performed within IEE-PAS 

statute activity, project No.1a-120. 

Keywords: Droughts, Low-class soil, Resistant grain selection/adaptation 
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The Importance of Flood and Landslide Control Works in Upper Watershed Basins for 

Land Degradation Neutrality (RIZE -IYIDERE Watershed Basin) 

Ķsmail BULUT  

Abstract 

Turkey is extremely susceptible to soil erosion occurrence, due to climatic circumstances, soil condition and 

topography property. Therefore, soil conservation and watershed improvement works are needed to prevent 

land degradation.  

Activities such as regulating water flow to restore the natural balance are considered within the scope of erosion 

control studies in the upper basins. It is aimed to mitigate or prevent the erosion and flood formation by 

delaying or preventing the surface flow in these studies. In this context, frequently occurring floods not only 

cause landslides with coastal carvings and coastal shifts but also increase the severity and destruction of floods 

in landslides in the Eastern Black Sea Region with a rugged topography. As a consequence of the deterioration 

of natural balance and destruction of agricultural lands, loss of life and property is experienced together with 

the loss of soil. It is necessary to know the basin well to prevent these losses and reduce the losses. The 

existence of natural resources in the basin and the determination of disturbance factors are evaluated together 

with the results of all the basin components and their effects. 

By using landslide inventory maps, it is estimated that there are landslides around 60-70% in gully and along 

the creek in the East Black Sea as a result of topography and wrong land use, precipitation and human activities. 

Consequently, it has guided the projects to be done in order to provide the natural balance for the balancing of 

land destruction.  

In this study, investigated basin-based flood and landslide control works are detailed for Eastern Black Sea 

(Rize Iyidere Basin). 

Keywords: Landslide, Flood, Basin, Eastern Black Sea. 

1. Introduction 

1.1 Basin-Based Approach and the Importance of the Basin Management 

Watershed Management should be provided or ensured by planning, projecting and implementing by using the 

following methods; water, soil, flora and fauna with assessing human resources, establishing new resources, 

establishing healthy relationships between natural resources and people, ensuring the sustainable use of 

existing resources and ensuring sustainable use. In the Eastern Black Sea region, which has a rugged 

topography, the floods that are frequently occurring in the East Black Sea Region cause landslides with coastal 

carvings and coastal shifts and increase the violence and destruction power of the landslides. The natural 

balance deteriorates, and the agricultural lands are destroyed, and loss of life and property, as well as untested 

land losses occur. In order to prevent these losses and reduce the losses, it is necessary to know the basin well. 

It is inevitable to determine the presence of natural resources in the basin and the determination of the 

disturbance factors and the relations of all watershed components with each other and the consequences of 



 

 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

98 

 

their effects. A large mass of water, called the FLOOD, which contains a large amount of solid material from 

the side streams as a result of heavy rains or rapid melting of snow. Significantly downward movement or 

movement of ground or rock masses is called LANDSLIDE. 

1.2  State of the Landslide in Turkey 

When the structures affected by natural disasters are considered in our country, the losses due to landslides are 

the second after the earthquakes with 27%. The reasons for the increase in damage caused by landslides are 

the increasing concentration of the population by unconscious concentration in landslide sensitive areas, 

changing climate conditions and unconscious destruction of forests. 

2. Methodology 

2.1 Slide and Slope Mechanism 

The forces effective on the slope, sliding forces (actuating forces) and anti-slide forces (Resisting forces) are 

available. When the forces (water, weight) which facilitate sliding on the slopes exceed the anti-slide forces 

(friction, cohesion), downward mass movement occurs. 

 

Figure 1. Slide and Slope Mechanism 

The factors of slide and slope mechanism (Figure1); structural measures (Ground Nails, etc.), to put a load on 

the heel (retaining wall, pile, etc.), load on head of slope, gravity and slope angle, groundwater and 

precipitation, pore water pressures, streams and marine erosion, seismic activity, carving the heel, shear 

strength of material decreases over time, it can cause instability on the ground because of degradation and 

vegetation change. 

2.2 Types of Landslide and Classification 

According to Varnes (1978) landslide classification (Figure 2), landslide was classified with morphology 

(shape and / or geometry of slope), how the movement occurs (mechanism), speed of movement, and type of 

material. 

What is the Factor of Safety; 

F or Gs
   

   
 

Factor of Safety (Gs, F): Anti-sliding Forces Sliding 
Forces 

Cohesion of the soil ï c, Internal friction angle-• 
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Figure 2. The classification system proposed by Varnes (1978) is taken into consideration as 

theclassification 

2.3 Indicators of Slope Instability 

The main signs of the movements in the slopes or natural slopes on the terrain and in the structures affected by these 

movements are as follows. The following slope instability indicators are cracks and splits in buildings and walls, 

jamming in doors and windows, pipe etc. breaks in the shallow substructure and leaks from the ponds, bending in 

trees and fences, stress cracks, rough topography (undulation), water leaks from slope heel. 

2.4 General Factors of Landslides on Slopes 

The general factors of landslides were analyzed in two parts (Gokceoglu and Ercanoglu, 2001). The first part 

is prepare factors like geology, topographic, environment, vegetation, using land, slope. The second part is 

initiator factors, which are called earthquake, rain and people (Gokceoglu and Ercanoglu, 2001). 

2.4.1 Factors causing landslide: The behavior of each material with stress-deformation behavior and water 

varies. The type of material in a slope is directly related to the type of instability that may occur in that slope. 

Different lithology has different degree of sensitivity to potential shift or final renewal. 

2.4.2 Geology-li thology: If the slope is composed of weak rocks such as material or pyroclastic rocks, these 

may be potential landslide areas (Figure 4 ï (a)). The slopes made of solid rocks such as sandstone, granite and 

limestone are more stable in terms of landslide. High degradation in rocks, clays, serpentinization, etc. High 

rate of fracture and crack systems in rocks is a preparatory factor. 

2.4.3 Climate: Has a significant impact on the landslide due to both precipitation and vegetation. 

2.4.4 Water (underground and surface waters, heavy rain): Reduces friction force on the ground. Reduces 

cohesion and internal friction angle. It facilitates sliding of the slope material. Increased groundwater flow, 

leakage and increase in flow rates of the source water cause high pressures-pore water pressure and soil 

instability 

2.4.5 Vegetation: It has positive and negative effects; Prevents slope erosion, increases stability against 

shallow landslides. Soil water balance is especially important in forest areas. This importance is understood by 

the start of landslides after the forest has been cut. The fact that the plant cover creates additional weight and 

the water flows through the slope and through the roots negatively affects the slope stability. 
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2.4.6 Human activities and / or improper land use: Excavation of the slope or heel, road excavation, house 

excavation, mining excavations (excavations without precautions taken), load on the hillside or on the top, 

lowering the pond water level, deforestation, incorrect agricultural activities, artificial vibration, water leaks 

from use, landslide sensitive areas to be opened, the necessary measures to be taken. 

3. Results and Conclusion 

The basin of Rize Iyidere is a very difficult basin due to its topographic structure. Since the general basin area 

is very large (30162.92 Ha), landslide inventory maps are taken into consideration and the parts where the 

terrain damage is intense is given priority. Erosion and landslides have also been observed due to the work 

from the construction of HES and Highways. Besides, 122 people died because of the disaster of flood and 

landslide in Rize between 1973 and 2010.In addition, the presence of too many tea areas, the wrong location 

of the site triggers the problem of drainage in the basin, disrupts the natural structure.With this project, 

transverse facilities have been proposed in areas suitable for working in the upper basin and thus it is aimed to 

contribute to the reduction of the damages of possible floods and landslides. 

Land surveys were carried out by ÇEM and OGM officials in the study basin and the planned activities were decided 

together. In addition, DSI and AFAD provincial directorates were also informed about the studies. Land surveys 

were started from relevant institutions by obtaining data on the basin. The following statuses of Rize Iyidere; 

Property Status: The points where the creeks and trenches to be implemented in the project basin are mainly 

composed of forests, agricultural lands and treasury lands. Tea areas are considered as agricultural areas 

because of intensive tea production in the basin (Figure 4).  

Surface Flow status: The highest monthly surface flow value is 155 mm in February. The total annual surface 

flow value is 1120 mm. This value is more than 70% of Turkey's total annual rainfall. 

Hydrology Status: There are 2 main streams in the study basin. These streams; Ķyidere and Kalkandere (Figure 

3). Iyidere connect to downstream of Kalkandere. Apart from these streams, there are many big and small 

rivers (Figure 5 ï(a)). However, due to the topographic structure of the study basin, these streams can reach 

the Black Sea directly without connecting to one another. Although the flow of these streams during the year 

is not very high, sudden and irregular precipitation causes floods and floods (Wild stream). 

(a) (b) 

 

Figure 3. (a)Hydrology Map for Rize Iyidere and (b) the inventory of landslide and drainage network 

(Landslide Inventory Map: 87% of 315 landslides are surface and shallow landslides) 
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(a) (b) 

 

Figure 4.  (a) Geology and landslide map (315 landslide volcanic sediment (volcano sedimentary rock) 

¢aĵlayan Fm %88 others %12and (b) Land use and landslide map. 

(a) (b) 

 

Figure 5. (a) Drainage Network Map(Proximity to the drainage network;0 m-50 m: 29.8417, 50 m-100 m: 

37.14286, 100 m-200 m: 18.09524, 200 m-300 m: 7.936508, 300 m-400 m: 5.714286, and >400 m: 

1.269841) and (b) the Example photographs a-construction phase, b-when flood occurs, and c-when the 

intensity of the flood decreases. 

After the all analysis and studies, very high concentrations of rain can cause a high surface flow in less than an hour. 

This generally results in soil saturation, aquifer development and rapid rise in ground water level. Temporarily 

formed aquifers and high porewater pressure reduce the resistance of the soil, which causes slippage. Likewise, the 

rain that lasts for a few days at low intensity, raises the groundwater level and causes the soil's resistance to fall. 

The geological and geomorphological structure of Rize and its region, land use and climate characteristics 

(especially precipitation) provide a suitable environment for flood and landslide formation. By destroying the 

vegetation with high soil protection ability; the possibility of landslides is increased as a result of bringing the 

species with low soil protection ability to the field. A total of 315 landslides have been identified, of which 83% are 

in the agricultural area, 66.98% are in drainage lengths (up to 100 meters) and 55% are at a distance of up to 150 

meters. The results of the analysis show that a large part of the landslides occurred in the agricultural areas where 

the forests were destroyed and turned into agricultural fields, however, as a result of heel abrasions and floor 

carvings, a high proportion of shallow and surface landslides occurred at the distances close to the roads and streams. 

Landslide inventory maps have been guiding in the flood and landslide control project to prevent the deterioration 

of the natural balance or to restore the deteriorated balance (Decision Support). It is expected that 66.98% of the 



 

 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

102 

 

landslides identified in the basin will minimize the effects of the transverse structures made in the side streams, 

dunes and trenches before they become catastrophic. 
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Investigating the Multi Efficiency of the LDN Concept in Mediterranean 

Watersheds, Lebanon as a Case Study 

 

Mario J. AL SAYAH 1,2,3, Chadi ABDALLAH 1, Michel KHOURI 2, Rachid NEDJAI 3, Talal DARWISH 1 

Abstract 

This study aims to implement LDN through a simple data requirement methodology obtained by a compilation 

of several existing methods on two different settings in Lebanon: the agricultural Awali watershed and the Nahr 

Ibrahim watershed characterized by the typical unequal Mediterranean watershed land occupation distribution. 

By implementation of LDN to the Awali, an insight of LDNôs effectiveness for land reclamation was obtained. 

When applied to the Nahr Ibrahim basin, LDN was tested as a tool for sustainability restoration through 

alternative LDN based land planning scenario. By combining land use dynamics tracked from remote sensing, 

the USDAôs land capability classification and soil organic C built database, two outcomes of LDN were tested. 

Once applied based on its response hierarchy, in terms of LDNôs curative angle, the 36% land degradation in 

the Awaliwas reduced to 2 %. The proposed LDN scenario for Nahr Ibrahim further served as an input to re-

establish an LDN based sustainability map for comparison with those reflecting current conditions. The 

previous 66.2 to 33.8% of non-sustainable versus sustainable distribution in the basin was reversed to 35.6 to 

64.4% respectively thus highlighting the importance of LDN as a land reclamation tool and as a key factor for 

sustainable development in the Mediterranean.  

Keywords: Land Degradation Neutrality, Mediterranean, Lebanon, Land use planning 

1. Introduction  

Lebanon, as a Mediterranean country is particularly affected by the loss of healthy lands (Bou Kheir et al., 

2008). Nearly one-fourth of its territory suffers from desertification, more than half of its lands are 

degraded  (Darwish et al., 2012) and soil erosion has been progressing at unprecedented rates(Abdallah et 

al., 2018). To cope with the problem, integration of the United Nations Convention to Combat 

Desertification (UNCCD) Land Degradation Neutrality (LDN) concept is of crucial importance.Despite 

LDNôs widespread acceptance, integration into several national and international policies, its 

implementation is still contested due to several multi-scale interdependent underlying reasons. A 

breakdown of LDN application constraints first shows general challenges resulting from fundamental gaps 

such as determining land degradation (LD) extent particularly in heterogeneous landscapes with complex 

orography such as those of the Mediterranean region. Furthermore, technical and operational challenges 

arising from site-specificity and study area particularities have complicated the task of unified guidelines 

or methods for a global LDN approach thus raising the need for a tailored site specific application based 

on adapted specific indicators reflecting local LD. For that purpose, this paper examines the multi-

efficiency of LDN on two Lebanese test-basins as representative of the typical Mediterranean watersheds 

through a proposed simple data requirement methodology. The hypothesis of LDN concept multi-

efficiency will be tested by revealing LDN use potential to neutralize degradation and to restore 
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sustainability in the concerned areas by alternative scenario testing as a tool for fully comprehensive land 

use planning based on LDNôs response hierarchy.  

2. Methodology 

2.1 Study areas description  

The Awali and Nahr Ibrahim watersheds collectively accounting for nearly 5% of Lebanonôs area, are chosen 

as the test-sites for LDN implementation given their importance at the national scale, their representitavity as 

an agricultural watershed (Awali) and a semi-natural mountainous watershed characterized by significant 

landslides and erosion risks (Nahr Ibrahim), and due to their significant LD state. 

2.2 Materials and methods 

Data inputs consist of a DEM layer provided by the CNRS-L at 10 m resolution, soil maps for the soil 

map of Lebanon 1:50 000 (Darwish et al., 2006) and LU/LC maps established from on-screen digitizing 

of multispectral satellite imagery with different resolutions and acquisition dates. 

2.2.1 Implementation of the LDN concept by establishment of site-specific LDN indicators Land 

cover change  

Multispectral time series satellite imagerywere used to establishthe LU/LC for baseline comparison with 

reference years. For the Awalibasin the year 1998 was set as baseline while for Nahr Ibrahim the year 2005 

served as reference based on satellite imagery availability. 

Land Capability Classification and sustainability distribution for LD mapping  

Land capability classification (LCC) was undertaken to reveal the productive capacity of the study areas. 

This step was performed since the soilôs suitability governs the choice of sought rehabilitation measures 

and reveals the nature and type of current mismanagements resulting from inadequate cover with respect 

to the soilôs productive capacity (Al Sayah et al., 2019).For that purpose, the adapted LCC (USDA 

1961)from Al Sayah et al., (2019) was used to classify soils of the study areas into a total of 5 groups, 

where classes I to IV represent arable lands in decreasing rank of productivity and class V represents the 

USDAôs groups V to VIII under the non-arable lands. By intersecting the LU/LC and LCC layers, the 

adequacy or non-adequacy of the already present LU/LC distribution over the different land capability 

groups was revealed in turn allowing the categorization into sustainable and non-sustainable development 

zones. LDwas determined by the sum of non-sustainable development areas while the sum of sustainable 

development areas represent the land gains i.e areas needed to counterbalance those of loss. 

Soil organic C 

A soil organic C (SOC) inventory was built for both watersheds Obtained SOC maps for each basin were 

then in turnintersected with LU/LC maps in order to determine SOC changes as the 3rd indicator for the 

Awali and Nahr Ibrahim basins. 

3. Results and Conclusion  

3.1 LU/LC change 

Figure1 presents LU/LC trends in the study basins at a simplified scale with respect to the defined areas.  

As observed increases in urban areas and declines of vegetated cover is observed in both study areas. 
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Figure 1. LU/LC change of the Awali basin 

 

3.1.2. Sustainability distribution  

LU/LC maps intersected with the land capability classification layer revealed sustainability distribution 

based on the adequacy or non-adequacy of soil cover with respect to its productive capacity (Figure 2). 

 

Figure 2. Sustainability distribution of the study areas 

Based on computation of sustainable vs non sustainable development zonesô areas, a 36% LD was 

observed in the Awali in contrast to the 66% observed in the Nahr Ibrahim basin. 
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3.1.3. Soil organic C change 

SOC maps for both watersheds were crossed with their respective LU/LC transitions in order to quantify 

areas of SOC loss, these are naturally attributed to areas of natural cover regression and further aggravated 

by the presence of unsuitable LU/LC cover above areas of significant SOC. 

a. Application of the LDN concept for land reclamation and promoting sustainability 

Given the importance of land use planning in the implementation of LDN and based on the response 

strategy of the concept, two alternative LU/LC scenarios were proposed. The basis behind LU/LC planning 

was oriented from the consideration of the LCC. With respect to LDN targets, conversion of classes I, II 

and III to agricultural classes responds to increasing and or maintaining land productivity, conversion of 

classes IV and V towards grasslands and forestry replenishes SOC stocks (where possible by considering 

slopes), while consideration of classes IV and V for urban expansion (where possible) ensures a balanced 

trade-off between meeting populations needs and safeguarding natural resources. As a result, LD in the 

Awali watershed was reversed from 36 to 2%. The alternative LDN LU/LC scenario for Nahr Ibrahim was 

intersected again with the LCC model to reveal changes of sustainability distribution from 66.2 and 33.8% 

of non-sustainable vs sustainable distribution to 35.6 and 64.4% respectively highlighting the importance 

of LDN not only as a land reclamation but also as a decision making tool for land planning to anticipate 

LD, prevent where still possible and reverse its trends to combat desertification. 
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Quantities of Organic Carbon According to the Land Use Class in Different 

Ecological Zones of Turkeyôs Soils 

Mehmet KE¢ECĶ1 , Aynur ÖZBAHÇ E1, Bülent SÖNMEZ2 

Abstract 

The amount of soil organic carbon varies according to land use classes and different ecological zones 

(ecozones) in the areas which are responsible for our Ministry within the scope of National Greenhouse 

Gas Emission Inventory Business Planincluding the Land use, Land use change and Forestry sectors.In this 

context, Soil Organic Carbon Map of Turkey is prepared to determine the amount of organic carbon in the 

soils. The data used for this map were obtained from 7743 coordinated soil samples collected for the 

ñCreation of Geographical Database of Some Productivity and Soil Organic Carbon Content of Turkey 

Projectò by regression kriging method.This obtained map and ecological zones (ECOZONES) are 

superposed. Then, using the CORNE-12, pasture, forest and agricultural areas within each ecological zone 

were determined and the soil organic carbon values in polygons showing each land use class were calculated 

as ton/ha. 

Key words: Turkeyôs Soils, soil organic carbon, SOC, regression kriging, digital soil mapping, ecological 

zones 

1. Introduction 

Turkey, due to take place in the Mediterranean Belt where in the process of climate change is one of the 

sensitive zone is threatened by the effects of climate change significantly. Carbon emissions from soil are 

directly related to climate change and have an important relationship with soil organic carbon pool. Climate 

is one of the factors affecting the quantity and quality of soil organic matter. Therefore, carbon emissions 

occur at different rates under different interactions in soils.Annual precipitation and evaporation amount, 

atmospheric vapor pressure, day and night temperature difference,temperature difference between 

seasons,the quantity and quality of the radiation from sun and drought index are important factors that 

influence on the amount of organic matter in the region, the amount of organic matter that is added to the 

soil, the rate of oxidation of organic matter and consequently the amount and properties of TOC.Knowing 

the organic carbon content of our soils will be able to provide important base information about soil fertility 

and adaptation to climate change.The transition from natural ecosystems to agriculture has led to the 

impoverishment of soil organic carbon levels by decreasing the amount of plant roots and residues. This 

improves the dissolution when the soil is tillaged and erosion occurs. Therefore, some factors, such as 

existing soil management strategies, traditional soil use methods, climatic controls, and also topographic 

differences, affect the potential ground carbon sample exchange in the environment.Achieving carbon 

storage capacity of soils will improve the soil's productivity and resistance to erosion, and will also allow 

to recover of soil which has lost its agricultural value as a result of erosion.By preventing erosion, the 

amount of sediment transported to rivers will decrease and the quality of water will increase. The need for 

sustainable land and land management to be handled according to land use of soils for carbon storage in 

soil. 

 

 

                                                
1 Toprak G¿bre ve Su Kaynaklarē Merkez Araĸtērma Enstit¿s¿ M¿d¿rl¿ĵ¿ 
2Tarēmsal Araĸtērmalar ve Politikalar Genel M¿d¿rl¿ĵ¿ 
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2. Methodology 

2.1 Soil sampling and Analyses 

Soil Sampling strategy was established by interpreting spatially explicit a number of characteristics together 
such as soil properties, land use, land use capability classes, poorly drained alluvial soils with high water table, 
geothermal sites etc. using different base maps such as CORINE land use, geological maps, digital elevation 

models, 1/25 000 scale digital soil maps and Turkey's current road map where to find out optimal collecting 
routes. The soil sample data set is systematically collected taking into account the topographic, geological and 
agricultural characteristics of soils representing the whole country and contains 7742 soil samples (0-30 cm) in 
total provided fromñDevelopment of a Geographical Database of Some Productivity and Soil Organic Carbon 

Content of Turkey Projectò.Ten teams of two persons collected 0-30 cm deep soil samples. The soil organic 
carbon content of these soil samples was analyzed in the TGSMAE soil laboratory system. In order to obtain an 
appropriate and harmonious data-set across the country, chemical and physical analytical methods have been 

compatible with ISO standards (or equivalents) were apllied to samples in laboratories of the institution (Soil 
Quality and Productivity Analysis Laboratory and Irrigation, Soil Physics and Salinity Laboratory) where TS 
EN ISO/IEC 17025: 2012 standards compatible. To obtain the geographic database of soil samples, analytical 

results were processed and controlled in the instutition GIS laboratory. 

2.2 Auxiliary Dataset 

In this study, in order to emphasize the important formations of soil organic carbon, 1 / 500 000 scale 
geological map of Turkey is divided into eight classes as metamorphic rocks, igneous rocks, limestones, 
sedimentary rocks, alluvial deposits, ophiolitic rocks, plutonic rocks and other rocks.CORINE Land Cover 

(CLC) was used to classify main land use types. Forty-four CLC classes were divided into seven new 
groups: urbanized, agricultural, forest / natural areas, arenosol, bare rocks / open areas / glaciers, wetlands 
and water bodies. Hydrated lime, clay and sand contents of soil samples were normalized and interpolation 

with Normal Kriging interpolation method to be used as base data in DSM.Climatic data sets (precipitation 
and temperature) covering the daily meteorological data derived from 265 meteorological stations were 
interpolated using ANUSPLINE method (Jarvis and Stuart, 2001). The annual minimum, maximum and 
average temperature and total rainfall values for each meteorological station were calculated from the 23-

year daily data records between 1975 to 2002. Drought index was calculated from two climate parameters; 
Annual average of total annual precipitation and evapotranspiration. Drought index was calculated from 
two climate parameters; Annual average of total annual precipitation and evapotranspiration.The minimum, 

maximum and average data of NDVI vegetation indiceswere used to estimate soil organic carbon. 

2.3 Data Preparation and Processing 

All input data were prepared before executing geostatistical analysis; all input data were prepared using 
transformations for compliant projection and coordinate system and were resampled to the same resolution 

(50 m) for ensuring compatible data structure. All covariates were normalized before executing the model. 
Most of the continuous covariates (slope, temperature, precipitation, etc.) were normalized by using Z-
score normalization technique. To reduce categorical information and the importance of a given variable, 
the number of classes was kept between 7 and 8. Categorical variables were normalized by reclassification 

of the selected main classes and then transfer of these classes to new layers. Reclassification resulted in 

binary data (0 and 1 class) for each layer. 

2.4 Digital Soil Mapping 

Digital soil mapping (DSM) is an approach to find out relations between known soil data and environmental 

parameters to produce soil maps. Regression kriging (RK) method as one of the widely used geostatistical 

techniques has been used for producing of soil property maps (Odeh et al., 1995; McBratney et al. 2000). 
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RK is a hybrid method that combines either a simple or a multiple-linear regression model with ordinary, 

or simple, kriging of the regression residuals.Multiple linear Regression-Kriging geostatistical technique 

was applied to estimate regression coefficients, calculate residuals and determine significant predictors for 

soil assessing and producing a continuous covers for soil organic carbon modelling in Turkey scale. After 

deriving significant predictors, regression model can be determined to predict target variable (soil organic 

carbon) with the help of those estimated regression coefficients. Residuals are interpolated by ordinary 

kriging technique. For final output, regression model of the significant predictors and interpolated residuals 

were summed up.Digital Organic Carbon map was created by using regression jacking model.Soil Organic 

Carbon Map of Turkey are shown in Figure 1. 

 

 
 

Figure 1. Soil Organic Carbon Map of Turkey (Aksoy, 2014) 

 

The geostatistical analysis using regression kriging method has been performed to determine spatial 
variability of soil organic carbon content in Turkey. illustrates the regression coefficient, standard error 
(0,439) of regression (R2=0,324), and Root Mean Square Error (RMSE)(0,422) of regression kriging 

method. Table 2 demonstrates the regression equation and subsidiary parameters used to calculate soil 
organic carbon. Statistically significant predictors of the models that were best explained by these 
covariates were determined in the Table 1 for soil organic carbon. Semivariograms of the residuals and Q-

Q Plots for soil organic carbon are shown in Figure2. 

 

Table 1 and Figure 2. Regression equations for calculations of soil organic carbon (Aksoy, 2014) and 

Semivariogram of the residuals and Q-Q Plot for soil organic carbon (Aksoy, 2014) 

 

 
 

The amount of soil organic carbon varies according to land use classes and different ecological zones 

(ecozones) in the areas which are responsible for our Ministry within the scope of National Greenhouse 

Gas Emission Inventory Business Plan including the Land use, Land use change and Forestry sectors. In 

Soil Organic Carbon =  

(1.075 +(0.022 *"nkirec")- (0.136*"nkum") 

- (0.092* "nkil")+ (0.162 *"neto")+ (0.173 

*"nkuraklik")+(0.119 *"nndviave")+ 

(0.941*"nmintemp")+ (0.594* 

"nmaxtemp")-(1.778*"navtemp")- (0.108* 

"navprec") + (0.011* "ncti")+ (0.026* 

"nslope") - (0.101*"cor5") - (0.083* "cor3") 

- (0.145 *"cor2") - (0.061*"geo5") - (0.084* 

"geo4") - (0.052* "geo2") -(0.062* "geo1") 

- (0.218 *"Lpe"))  
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this context, Soil Organic Carbon Map of Turkey is prepared to determine the amount of organic carbon in 

the soils. 8 different ecological zones have been identified in our country (Pamukcu et al., 2014).  

Ecological zones with soil organic carbon maps obtained from ñCreation of Geographical Database of Some 
Productivity and Soil Organic Carbon Content of Turkey Projectò were overlaid.Then, using the CORNE-
12, pasture, forest and agricultural areas within each ecological zone were determined and the soil organic 

carbon values in polygons showing each land use class were calculated as ton/ha.  

3. Results 

The result of this study, according to the different land use classes in different ecological zones of Turkey's soil 

organic carbon content (SOC) budget (Table 4) was determined and map was created (Figure 5). 

Tablo 4. Soil Organic Carbon Budgets of Different Land Use Areas According to Different Ecological Zones 

 

Corine 2012 Ecozones SOC (tons/ha) 

Grasslands 

Mediterranean Mountain Belt 42.26 

Mediterranean Coastal Belt Leafy and Conifer Forest 33.99 

Eastern Anatolia Step 43.19 

Eastern Anatolian Leafy Forest Belt 37.17 

Euxine - Colchic Leafy Forest 44.69 

Central Anatolia Step 36.37 

Inner Aegean Leaf and Coniferous Forest 38.28 

Northern Anatolian Leaf, Coniferous and Mixed Forest 49.11 

Forest 
Areas 

Mediterranean Mountain Belt 51.53 

Mediterranean Coastal Belt Leafy and Conifer Forest 46.08 

Eastern Anatolia Step 48.41 

Eastern Anatolian Leafy Forest Belt 45.14 

Euxine - Colchic Leafy Forest 51.9 

Central Anatolia Step 49.92 

Inner Aegean Leaf and Coniferous Forest 50.88 

Northern Anatolian Leaf, Coniferous and Mixed Forest 55.05 

Agricultural 
Areas 

Mediterranean Mountain Belt 40.22 

Mediterranean Coastal Belt Leafy and Conifer Forest 29.62 

Eastern Anatolia Step 38.9 

Eastern Anatolian Leafy Forest Belt 30.44 

Euxine - Colchic Leafy Forest 38.68 

Central Anatolia Step 32.14 

Inner Aegean Leaf and Coniferous Forest 30.99 

Northern Anatolian Leaf, Coniferous and Mixed Forest 34.29 
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It was determined that the amount of soil organic carbon in the pastures of different ecozones ranged from 

33,99 tons/ha to 49,11 tons/ha and the averages were 40,63 tons/ha. It was determined that the amount of 
soil organic carbon in the pasture areas was the highest in Euxive Colchic Leaf Forest Ecozone and the 
least in the Mediterranean Coastal Zone Leaf and Conifer Forest Ecozone.It was determined that the amount 

of soil organic carbon in agricultural areas in different ecozones ranged from 29.62 tons/ha to 40.22 tons/ha 
and the averages were 34.41 tons/ha. It has been determined that the amount of soil organic carbon in 
agricultural areas is the highest in Mediterranean Mountain Belt Ecozone and the least is in the 
Mediterranean Coastal Zone of Leaved and Conifer Forest Ecozone.The result of this study, an auxiliary 

dataset and a soil map was created for future climate change, greenhouse gases and sustainable land 
management research activities. The outcomes of this study will guide the decision-makers and save time 

and resources in national and international studies. 

 

 
 

Figure 5. Soil Organic Carbon Budget Map According to Different Ecozons and Different Land Uses of 

Turkey 
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The Role of Pressurized Irrigation Systems in Sustainable Use of Land and Soil Resources 

Mehmet Uĵur YILDIRIM1, Ahmet ķEREN2, Aynur FAYRAP 3 

Abstract 

Nowadays, as a result of reaching the final limit of the lands to be opened to agriculture, priority is given 
to the studies on increasing the yield from the unit area instead of areal extent. Irrigation is one of the most 
important inputs to increase agricultural yield. 

It is a fact that land degradation (water erosion, fertilization of the upper part of the soil, surface flow, drainage, 
salinity, etc.) occurs in irrigation areas where water use efficiency is low. 

Especially, when salt water is applied or there is an over-irrigation condition, a salty water table layer is 
formed and this layer rises, thereby, causing the soil to become salty.  

For the Reason of reduced water resources, global warming and climate change, application of methods that use 
irrigation water effectively in agriculture has become inevitable for sustainable use of soil and water resources. 

The use of pressurized irrigation systems is very important in terms of the sustainability of soil resources by 
eliminating the negative effects such as soil losses (erosion), surface flow and washing of plant nutrients which 
occur in surface irrigation methods. In addition, pressurized irrigation systems are more suitable for irrigation 
on slopes. 

According to the publications of FAO (United Nations Food and Agriculture Organization), in many 
countries located in arid and semi-arctic zones, there has been successful transition from traditional open 
channel irrigation system to pressurized closed systems. 

Turkey's land in the context of Land Use Capability Classification, 34.1 % (26.506.765) is suitable for 
cultivation of processed agriculture and long-lived plants. The irrigation area, which was built by DSĶ and 
was put into operation, is 3.185.842 ha as of 2017. In other words, 12% of agricultural land is irrigated. In 
irrigation areas, irrigation rate and irrigation efficiency are 65,8  % and 47,5 % respectively. Increasing 
irrigation rate and irrigation efficiency are of great importance for optimum use of soil and water resources. 
In the current situation, the use of tools and techniques that provide efficient water use in agriculture has 
become one of the priority targets of our country. 

Since 2003, General Directorate of State Hydraulic Works (DSI) has shifted its policy from open system to 
the construction of closed system irrigation network in order to enable irrigation in sloping land and prevent 
high water losses. Before 2003 while the proportion of closed (pipe) system as per irrigation network area 
was 6% reached 25% in 2017. It is aimed at soaring this ratio by 48 % by 2023. 

Keywords: Land and soil resources, Sustainability, Pressurized Irrigation Systems 
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The Role of Soil-Plant Interactions in Degraded Grassland Ecosystems 

Melda DÖLARSLAN 1, Ebru GÜL 2, Sema CAMCI ¢ETĶN2, Sonay S¥Z¦DOĴRU OK3 

Abstract 

In the desertification process, soil-plant relations are important. When we consider the change inthe 

herbaceous taxa in the grassland areas within a vegetation period, it is important to considerwhen the 

determination of the effects of desertification in the pasture areas will be determined inthe most accurate 

way. Plants cover are used to determine the risk of desertification such asMediterranean Land Use and 

Desertification (MEDALUS) and Desertification Indicator System forMediterranean Europe (DIS4ME). In 

this study, the interaction between soil and plantcharacteristics and desertification were investigated in the 

grassland areas of Kavra village of¢ankērē province. The study area is composed of clay stone, limestone 

and gypsum rocks. In thestudy area, the sampling of plant sampling and plant cover was made from April 

to the end ofSeptember in the vegetation period of 2017. The soil sampling was done in September, the end 

ofthe vegetation period. In order to determine the physical and chemical properties (soil, pH,electrical 

conductivity (EC), lime content (CaCO3), volume weight (HA) and soil organic mattercontent (TOM) of 

the study area soils, soil sampling was performed from 0-30 cm depth. Thedesertification survey form was 

filled in order to determine the desertification risk at each pointwhere soil and plant sampling was 

performed. In order to determine the desertification risk, theforms and algorithms in DIS4ME system for 

grassland areas were used. Following the calculationsusing the DIS4ME model, the risk of desertification 

in the study area is classified as the medium riskwith 4.91 and the highest risk with 6.49 and it is in the 

critical and fragile sensitivity class. Therelationship between plant cover values, soil properties and 

desertification risk investigated withcorrelation analysis. The relationship between plant cover and 

desertification risk measured forJune and July, and a moderately strong relationship was determined at the 

level of significance of 0,01 for June (r=-0.47, P<0.01) and a moderately strong relationship at the 

significance level of 0.05for July (r=-0.351, P<0.05) was determined. In this context, taking into account 

the plant coverwhich has a significant impact on desertification, it is thought that sampling in desertification 

willbe more appropriate in June and July. 

Keywords: Degraded Land, Grassland, Desertification, ¢ankērē 
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The Role of Biochar on Land Degradation Neutrality and Sustainable Land 

Management    

Muhittin Onur AKCA 1, Ayten NAMLI 2 

Abstract 

As it is known, the organic matters are one of the most important components of agricultural soil for the 

purposes of sustainable use of soil and reducing all problems that take place regarding land degradation 

neutrality. The physical, chemical and biological properties of the soils, which are affected by lack of 

organic matters, get worse gradually and these mismanaged soil face desertification problems. Being able 

to overcome the already existing problems may only be possible through increasing the level of organic 

matters of the soils. One of the most important indicators regarding land degradation neutrality has been 

regarded as "soil carbon stocks." As the soil is the largest land carbon stock and its already existing amount 

changes alongside with the land management plans, various applications have been developed for the 

purpose of retaining carbon in the soils for the long term and minimizing the impacts of land degradation. 

The most outstanding of those applications is the ñbiocharò application which emerges through the 

pyrolysis of organic materials and which is rich in organic carbon. It is known that not only organic 

materials are added to the soil through the biochar applications, but also the land ecosystem fertility also 

increases through reduction of global warming by means of applying carbon to the soil persistently, waste 

management, soil quality and health. The use of ñbiocharò points out the attention for neutral of agricultural 

soil, which has been degraded over the years due to wrong applications, through sustainable land 

management planning and being an application which is consistent with the targets of sustainable 

development. Thus, the use of biochar materials in agricultural soil is inevitable allowing improvement of 

the deteriorating land conditions and sustainable combat against desertification. 

Keywords: Land Degradation Neutrality, Sustainable Land Management, Biochar, Soil Organic Carbon 

1. Introduction  

Land degradation refers to the reduction or loss of the biological or economic productivity and complexity 

of land (UNCCD 2016a). The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) recently provided a comprehensive assessment of land degradation, declaring it to be a 

ópervasive and systematic phenomenonô that óoccurs in all parts of the terrestrial worldô (IPBES 2018). 

Consequently, land degradationôs impact upon people is vast. 1.3 billion people live on degrading 

agricultural land (UNCCD 2017b), and land degradation negatively impacts the well-being of at least 3.2 

billion people globally (IPBES 2018). Land degradation may also increase food insecurity, by reducing 

production and increasing uncertainty, thereby leading to higher food prices (Davies 2016). 

World population projected to reach 9.1 billion, 34 % higher than today at 2050 with the high rate growth 

is in developing countries such as Africa and Asia (Cohen 2002; Bruinsma 2011). To produce the 

increasing food demand, a considerable land area should be reserves, while the rest arable land areas is 

limited, at high risk for conversion, have unchangeable ecological functions, and have limited access. 

Biochar may prove a key and accessible input for agriculture, it could help rehabilitate degraded land, and 

play a major role in sequestering atmospheric carbon dioxide. The UN Convention to Combat 
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Desertification has been promoting biochar for countering land degradation and many other bodies have 

enthusiastically backed its use. 

2. Soil Organic Carbon 

Soil organic C (SOC) plays a key role in maintaining soil functions and quality, supporting the productivity 

of agroecosystems (Lal 2010). Although soils (to a depth of 1 m) contain almost 50% of the terrestrial C 

pool, previous research has reported that land use changes and human activities have reduced C stocks by 

~133 Pg C in agricultural lands (Sanderman et al., 2017). 

The atmospheric C levels are increasing by about 4.1 Gt/yr, with 7.2 Gt/yr being put into the atmosphere 

by fossil fuel combustion and cement production, and 3.1 Gt/yr being removed from the atmosphere by the 

ocean (2.2 Gt/yr) and terrestrial processes (0.9 Gt/yr) (Amonette et al., 2007). Agricultural farming 

practices during the past 150 years have resulted in a global loss of 78 gigatons of SOC, accounting for 

66% of historic C storage; causes for SOC loss include clearing of native vegetation, cultivation of soils 

for annual cropping, and removal of crop residues for alternative uses (Lal 2004, 2009, 2010).The capacity 

for C storage in biochar-amended soils has been predicted to be up to 130 Pg over a century at a global 

level, a capacity based on the sustainable production of biochar and application rates of at least 50 Mg C 

ha-1 (Woolf et al., 2010).  

Application of biochar may further enhance soil carbon stocks through ñnegative primingò, in which plant-

derived carbon is stabilized through sorption of labile C on biochar, and formation of biochar-organo-

mineral complexes (Keith et al., 2011; Weng et al., 2015). Conversely, turnover of native soil carbon may 

increase (ñpositive primingò) due to enhanced soil microbial activity induced by small amounts of labile C 

in biochar, but this effect is small and short-lived compared to the stabilization of biochar carbon and 

negative priming effects in the long-term (Singh and Cowie, 2014). Negative priming has been observed 

particularly in clay-dominated soils (Weng et al., 2015; Whitman et al., 2015). 

3. The Properties of Biochar 

Lehmann and Joseph (2009) define biochar as the carbon-rich product when biomass, such as wood, 

manure or leaves, is heated in a closed container with little or no available air. In more technical terms, 

biochar is produced by so-called thermal decomposition of organic material with limited supply of oxygen, 

and at relatively low temperatures (<700 oC) (Stockmann 2011). 

The physicochemical properties and yield of biochar is mainly controlled by the feedstock species and 

thermochemical conditions (Tang et al., 2013; Ahmad et al., 2014).The biochar physicochemical properties 

can cause changes in the soil nutrient and C availability, and provide physical protection to microorganisms 

against predators and desiccation; this may alter the microbial diversity and taxonomy of the soil (Lehman 

et al., 2011).Some important properties of biochar are surface area and porosity, density, mechanical 

strength, elemental or nutrient content, pH, CEC.Studying the physicochemical characteristics of biochar 

is of great importance for its application. Taking the utilization of biochar in soil remediation as an 

example, the bulk density of biochar is an important factor impacting the gas exchange and pore size 

distribution of soil (Schjønning et al. 2011) porosity, determining the water-holding capacity and the 

surface area of soil; functional groups, affecting the cation exchange capacity and the nutrient retention 

ability of soil (Liang et al., 2006); total dissolved solids, determining the amounts of mobile charged ions 

traveling between the soil and plants; and pH, impacting the mobility of ions and microbial activity in the 

soil (Mayer et al., 2014). 

https://www.sciencedirect.com/topics/engineering/physicochemical-property
https://www.sciencedirect.com/topics/engineering/biochar
https://www.sciencedirect.com/topics/engineering/feedstocks
https://www.sciencedirect.com/topics/engineering/great-importance
https://www.sciencedirect.com/topics/engineering/remediation
https://www.sciencedirect.com/topics/engineering/bulk-density
https://www.sciencedirect.com/topics/engineering/important-factor
https://www.sciencedirect.com/topics/engineering/porosity
https://www.sciencedirect.com/topics/engineering/functional-group
https://www.sciencedirect.com/topics/engineering/cation-exchange-capacity
https://www.sciencedirect.com/topics/engineering/total-dissolved-solid
https://www.sciencedirect.com/topics/engineering/microbial-activity
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The use of biochar as a carbon sequester assumes that stable carbon in biochar produced from biomass can 

persist in soil for hundreds or even thousands of years Biochar stability or biochar's resistance to biotic and 

abiotic degradations in soil can be used for the description of the carbon sequestration potential of a biochar. 

4. The Role of Biochar on Land Degradation and Sustainable Land Management 

Land degradation exacerbated by population growth, climate change, land use change, deforestation, 

overgrazing and over exploitation, and other new detrimental factors that challenging its management 

strategies. Food production and supply energy for 9.1 billion people by 2050 under climate change pressure 

while keeping the high environmental quality and protecting biodiversity loss is the serious challenge for 

managing land degradation. The United Nations Convention to Combat Desertification (UNCCD) supports 

biochar as a means for combating land degradation, improving farmland and combating climate change. 

There are two ways in which biochar use can counter land degradation: 1) biochar use to make farming 

more sustainable and productive with less harmful pollution. This would reduce pressure for clearing new 

land (Abend 2008). 2). Biochar use to rehabilitate degraded or naturally poor land e also helping to reduce 

pressures for clearing new areas. 

Biochar system was designed to generate renewable and cheaper energy, amending soil and improving its 

productivity, managing waste and mitigating the climate change. Implementing and scaling up the biochar 

system should be significantly contribute to the land degradation management strategies. Biochar 

application in the fields helps in increasing the soil fertility, improved soil texture, improved sorption for 

nutrients which then helps in reducing the use of fertilizer which leads to the decrease in pollution through 

fertilizer run off. Biochar is highly efficient in increases in the crop production and yield. One of the major 

benefits of biochar is that itôs helping in combating with climate change by sequestering the carbon dioxide 

from the atmosphere. It can also be used for the rehabilitation of destructed landforms.  
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Determination of the Land Cover Change Trends in Turkey by using Collect Earth 

Murat ARSLAN 1, Ayhan ATESOĴLU2, Ahmet DOĴAN3, Mesut YILMAZ 4, Enis BALTACI 5 

 

Abstract 

Turkey is a rapidly developing country. While developing, Turkey is in a process where natural resources 

are lost, land degradation is increasing and agriculture-forest-pasture-wetlands are rapidly 

transformedintoconstruction. Due to the technological development in the last seventy years, change in 

land cover and land use has become untraceable due to the increasing mechanization and construction. 

The negative effects of climate change on the world scale have accelerated the loss of natural resources 

and increased land degradation. In many areas, wetlands have decreased naturally or artificially, rivers 

have dried up, groundwater levels have decreased, and organic carbon amounts have decreased. Changes 

from agricultural, forest and pasture areas to artificial areas have increased. The natural balance that has 

been formed in millions of years is changing rapidly in the last seventy years, it is important to monitor 

the change and take necessary actions about the negative effects of change. Considering the diversity of 

geography of Turkey and the variations of land cover at short distances, monitoring of changes in land 

cover is very difficult in terms of time, cost and human resources. Detection of damaged natural resources, 

changes in land cover and studies to reduce land degradation should be accelerated by developing remote 

sensing methods. Nowadays, developing space technologies with Geographic Information Systems (GIS) 

integrated with Remote Sensing (RS) applications is increasing rapidly eventhough it is not sufficient. 

With the developing technology, faster monitoring and evaluation can be done in large areas. In this study, 

open source Collect Earth software has been used. Which software can determine the land cover / land use 

classes and the direction of change for the determination of greening trend from past to present. In this 

study, 61.685 plots were examined for the whole country. The land cover changes from 2002 to 2017 and 

as of 2017, the spatial distribution of the existing land cover was determined by the interpolation method. 

As a result of the evaluations, land degradation was detected in 715200 hectares of land while land 

improvement detected in 1730400hectares. 

Keywords: Landuse, Landcover, Landdegradation, Collect Earth, Remote Sensing, Geographic 

Information Systems, GIS,RS 

                                                
1MinistryofAgricultureandForestry,GeneralDirectorateofCombatingDesertificationandErosion,Ankara,Turkey.murat-arslan@tarimorman.gov.tr 
2 Faculty of Forestry, Bartēn University, Bartēn, Turkey. aatesoglu@yahoo.com 
3MinistryofAgricultureandForestry,GeneralDirectorateofCombatingDesertificationandErosion,Ankara,Turkey. addogan@gmail.com 
4MinistryofAgricultureandForestry,GeneralDirectorateofCombatingDesertificationandErosion,Ankara,Turkey. mesutyilmaz@tarimorman.gov.tr 
5MinistryofAgricultureandForestry,GeneralDirectorateofCombatingDesertificationandErosion,Ankara,Turkey. enis.baltaci@tarimorman.gov.tr 

mailto:murat-arslan@tarimorman.gov.tr
mailto:murat-arslan@tarimorman.gov.tr
mailto:aatesoglu@yahoo.com
mailto:addogan@gmail.com
mailto:mesutyilmaz@tarimorman.gov.tr
mailto:enis.baltaci@tarimorman.gov.tr


 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

119 

 

Estimation of Carbon Footprint Equivalent of Soil Nitrogen Loss Due to the Sugar 

Beet Harvest in Turkey: A Review 

Nazmi ORUÇ1 

Abstract 

This paper is aimed to create awareness on the amount of soil lost due to the sugar beet harvest and fertilizer 

value of harvested soil nitrogen in terms of carbon footprint equivalent as well. Soil erosion studies on 

cropland usually only consider water, wind and tillage erosion However, significant amounts of soil are 

also lost from the field during the harvest of root crops such as sugar beet (Beta vulgaris L.). There are total 

of 33 sugar beet enterprise in Turkey, 25 of them run by the state (T¿rkĸeker), eight of them belong to the 

private sector. According to the data of T¿rkĸeker. It was given that average soil loss rate  as 3.41 Mg ha-1 

y-1,total loss of soil aså716983 Mg y-1 and notably total amount of soil nitrogen loss as å2151 Mg y-1from 

sugar beet growing areas of Türkĸeker from 1996 to 2016.Global warming due to greenhouse gas emissions 

(GHG) has become very important concern ofworldwide in 21th century.  Production of nitrogenous 

fertilizer requires high energy consumption, emitting large amounts of CO2 (carbon footprint equivalent) 

to atmosphere. The carbon footprint of the average N- fertilizer  production in differentregions of world 

varies from 3.42 Mg to 8.43 Mg while the world average given as 5.66 Mg CO2  eq/Mg Nitrogen. In this 

study total amount of soil nitrogen losså2151 Mg y-1 and world average of carbon footprint 5.66 Mg CO2-

eq./Mg of mix nitrogen fertilizer production were used to estimate annual carbon footprint equivalent. 

Hence, the annual carbon footprint equivalent is calculated as 12045 Mg CO2 eq. /Mg Nitrogen 

fertilizer.Loss of fertile layer of soil due to the root crops harvest should also be considered as an important 

reason of land degradation.To minimize the soil loss from the most fertile layer in terms of organic matter, 

microbiological activities and plant nutrients, growers have to be enlighten that soil moisture should be 

taken into account in sugar beet harvesting, harvested piles should be covered to ensure good drying and 

soils separated by cleaning machines at delivery points should be conveyed back to their agricultural 

lands.These precautions would mitigate not onlyland degradation but also environmental impacts of climate 

change due to global warming. 

Key Words: Sugar Beet Harvest, Soil-N Losses, Carbon Footprint, Turkey 

1. Introduction  

Soil erosion studies on cropland usually only consider water, wind and tillage erosion However, significant 

amounts of soil are also lost from the field during the harvest of root crops such as sugar beet (Beta vulgaris 

L.), potato (Solanum tuberosum L.), carrot (Caucus caroto L.) chicory roots (Cichorium intybus L.), cassava 

(Manihot spp.), celery (Apium graveolens L.) Radish (Raphanus sativus L.) and sweet potato (Ipomoea 

batatas (L.). Soil losses from the top and most fertile layer by harvesting sugar beet (Beta vulgaris L.) cause 

agricultural and environmental problems as well. During the harvest soil adhering to the crop, loose soil or 

soil clods and rock fragments are transported from the field (Figure 1).Main objective of this study is to 

assess (1) soil losses due to sugar beet harvest in Turkey, (2) fertilizer value of removed soil nitrogen in 

terms of carbon footprint equivalent of soil nitrogen lost due to the sugar beet harvest in Turkey and to 

create the public awareness of global warming and climate change in this contex as well. 
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Figure 1.Soil adhering to sugar beet at harvest. Sugar Beet Factory Eskiĸehir, Turkey, Oct.2010 (Photo 

by N.Oruç) 

2. Material and Method  

Both, sugar beet and sugar industry have very significant place in Turkeyôs agriculture and agro-industry 

in terms of the technological, economic and social-economic development of rural areas. The sugar beet 

growing area is approximately 300.000 ha and about 15 million Mg of sugar beet processed annually in 

Turkey. The soil textures of sugar beet growing areas are generally clay and clay loam. Soils have pH values 

mostly medium alkaline, high lime content and low organic matter (Tuĵrul et al. 2012). This study is 

fundamentally based on two reference (Saygēn 2018),(Kool et al. 2012). Average value of soil loss as 3.41 

Mg ha-1 y-1, total loss of soil aså716983Mg y-1 and total amount of soil nitrogen losså2151 Mg y-1 was 

estimated due to sugar beet harvest between 1999 and 2016 from sugar beet growing areas of T¿rkĸeker 

Enterprise (Saygēn 2018). In the production of ammonia, which forms the basis of nitrogenous fertilizers, 

nitrogen is obtained from air and hydrogen from natural gas,  both processes requires high amounts of 

energy.  In the production of one Mg of nitrogen, the carbon footprint equivalent varies from 3.42Mg CO2 

to 8.43MgCO2 while the world average is 5.6 Mg CO2(Kool et al. 2012). Total amount of soil nitrogen 

losså2151 Mg y-1 and the world average å 5.6 Mg CO2 were used to calculate carbon footprint eq. of mix 

nitrogen fertilizers (such as urea, ammonium nitrate, ammonium sulfate etc..) 

3. Results and Conclusion  

3.1 Studies on Soil Losses Due to Sugar Beet Harvest in Turkey  

Oruc and Gungor (2000) studied the soil loss due to the sugar beet harvest (SLCH) in Turkey about 20 

years ago. It was estimated the soil tare values for the gross weight of harvested sugar beet as 10.24% and 

11.20% for the period of 1989-1999 in Turkey and in Eskiĸehir Province, respectively. It meant that 

approximately 4.16 Mg ha-1 y-1 soil in Turkey and 4.8 Mg ha-1 y-1 soil in Eskisehir were transported from 

sugar beet fields annually. Oztas et.al.(2002) calculated that 3.48 Mg ha-1 of soil is removed due sugar beet 

harvest annually in Erzurum.Parlak et al.(2008) estimated that 5.22 Mg ha-1 y-1 soil exported from sugar 

beet fields in Ankara. Zengin et.al. (2001) assessed average soil tare as 3.42 Mg ha-1 y-1 in Konya and 

indicated that lower level of SLCH in Konya, than the SLCH values of Eskiĸehir and of Ankara that was 

related to less rainy months in beet harvesting period at Konya.Koc et al.(2012) carried a detailed research 
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on the  total soil amounts transported from the field for years from 2001 to 2008 that based  on the  33 sugar 

factory data in Turkey. It was reported that the amount of soil transported from the field was calculated to 

be 3.86 Mg ha-1y-1from approximately 300,000 ha of sugar beet growing area in Turkey. Oruc (2012) 

assessed soil loss due to sugar beet harvest that based on annual reports of 33 sugar factories   in Turkey 

for the years between 2000 and 2011. The study indicated that an average soil loss was as 4.65 Mg ha-1 

with a Std= 0.7. Since production of mineral fertilizers contributes to the global GHG emissions, 

Oruc(2013)  estimated the fertilizer value of transported soil nitrogen in terms of carbon footprint equivalent   

due to the sugar beet  harvest based on the data of 25 public and 8 private sugar factories  in Turkey. Total 

soil N lost and total carbon footprint equivalent of ammonium nitrate (35%) were estimated as 20,157 Mg 

and 141,392 Mg, respectively. Saygēn(2018) assessed soil loss due to sugar beet harvest and economic cost 

of the transported of plant nutrients based on the data of 25 state owned sugar beet factoriesfor the period 

of from 1999 to 2016in Turkey. Average value of soil loss as 3.41 Mg ha-1 y-1, total loss of soil as å 

716983Mg y-1 and total amount of soil nitrogen losså2151Mg y-1(Median:0.3% Std±0.11) were calculated 

in the study. This result indicated that harvest erosion represents only 0.9% of soil lost by water erosion in 

Turkey. However, the average 3.41 Mg ha-1y-1 soil loss value was considered to be higher than the 

tolerable soil loss value of 1 Mg ha-1 y-1 for each of the studied sugar beet factories. The amount of 

suspended soilcarried away by the rivers was measured by the General Directorate of State Hydraulic 

Works (DSĶ).According to these measurements 154 million Mg of soil is transported by  the streams in 

Turkey annually. This means that approximately 2 Mg of soil per hectare would be carried by rivers 

(Anonymous,2018). 

Saygēn (2018) also indicated that average soil loss rate  was 3.41 Mg ha-1y-1 and US $419,433 investment 

which  must be madeannually to recover N-P2O5-K2O losses.Parlak (2019) assessed the carbon  footprint 

eq. value of  fertilizers to replace nutrients lost with soil due to potato, carrot, and celery harvesting areas  

in Turkey. It was indicated that about 40x103 Mgy -1of soil  was lost annually through potato, carrot and 

celery harvest from the studied regions, which resulted in 32.93 Mg of N, 3.21 Mg of P2O5, and 7.69 Mg of 

K2O losses per year. Fertilizer value of transported plant nutrients in terms of carbon footprint equivalent was 

estimated as about 270 Mg CO2 per year. It was pointed out that due the large nutrient losses and GHG 

emissions deserve consideration of soil management practices to reduce SLCH.An over view of some SLCH 

values related to sugar beet harvest in Turkey and some of the European Countries is given in Table 1. 

Table 1.Soil losses due to sugar beet harvesting (SLCH)in Turkey and EU countries 

Country/Region SLCH Mg ha-1 (Min - max) Measurement Reference 

Belgium 8.7 (4.4 - 9.5) 1968 - 1996 Poesen et al., (2001) 

Belgium 9.3 (4.7 - 19.5) 1978 - 2000 Ruysschaert et al., (2005) 

Belgium 8.5 (3.0 - 24.5) 1993 - 1995 Ruysschaert et al., (2007) 

France 14.0 (2.0 - 44.3) 1984 - 1986 Ruysschaert et al., (2005) 

Germany 5.2 (2.2 - 10.7) 1978 - 2000 Ruysschaert et al., (2005) 

The Netherlands 6.2 (3.4 - 13.4) 1972 - 2001 Ruysschaert et al., (2005) 

Croatia 1.3 - 2.3 2008 Jurisic et al., (2011) 

Turkey (Eskisehir) 4.8 1999 - 2000 Oruc and Gungor (2000) 

Turkey (Erzurum) 2.6 1990 - 2000 Oztas et al., (2002) 

Turkey (Konya) 3.42 2000 Zengin et al., (2003) 

Turkey (Ankara) 5.22 2006 Parlak et al., (2008) 

Turkey (Ankara) 3.66 2004 Tugrul et al., (2012) 

Turkey (Average) 4.54 2000 - 2008 Tugrul et al., (2012) 

Turkey (Average) 4.65 (3.1 - 5.45) 2000 - 2001 Oruc (2012) 

Turkey (Average) 3.41 1999 - 2016 Saygēn (2018) 

Note: SLCH values (except measurement for 2004 and 2008) based on factory data. 



 

 

International Soil Congress 2019  

17-19 June 2019 Ankara, Turkey  

 

122 

 

 

3.2 Studies on Soil Losses Due to Sugar Beet Harvest in European Countries 

Severalresearchershave drawn attention to an often neglected, but apparently   significantly soil erosion process, i.e., 
soil loss due to root crop harvests in last decades in European countries..Poesen et al.(2001) reported the average 

SLCH value as 8.7 Mg ha-1 for Belgium between 1986 and 1996. Mean SLCH values for sugar beet thatestimated 

from sugar factories data were 9.3 Mg ha-1 for Belgium, 14.0 Mg ha-1 for France,6.2 Mg ha-1 for the Netherlands and 
5.2 Mg ha-1 for Germany(Ruysschaert et al.2005, 2007).It was indicated that average SLCH values were in the range 

from 1.3 Mg ha-1 to 2.3 Mg ha-1 in Croatia (Jurisic et al. 2011). It was concluded that soil moisture content at 

harvesting time was one of the most important factor explaining SLCH variability, besides soil texture and harvesting 

technique.Panagos et al.(2019) indicated that SLCH for sugar beet has decreased significantly in the EU-28 

from 15 Mg yī1 in the period of 1986ï1999 to 9.6 Mg yī1 in the period of 2000ï2016 (ī36%) due to a 

sharp decrease in sugar beet production driven by changes in diets and sugar policy after 2006. 

3.3 Carbon Footprint Equivalant Of Soil N Lost 

Global warming and climate change has become the most important challenge of the humanity in this century. Global 

climate change induced by global warming, triggers desertification, environmental degradation and migration.  

Besides methane and nitrous oxides CO2 is the most important greenhouse gas causing global warming.Among the 

factors that cause global warming and climate changes the amount of CO2 released (carbon footprint equivalent) to 

the atmosphere during the production of nitrogenous chemical fertilizers is of great importance. Production of 

nitrogenous fertilizer requires high energy consumption, emitting large amounts of CO2 to atmosphere. 
Annual carbon footprint equivalent calculated as CO2 12174 Mg /Mg y-1 mix nitrogen fertilizer regarding to the total  

soil nitrogen losså2151 Mg y-1 and world average as 5.66 Mg CO2 eq./Mg nitrogen production.This result seems 

rather small but it should not be ignored that many small make a great. 

3.4 Conclusion 

Loss of fertile layer of soil due to the root crops harvest should also be considered as an important reason 

of land degradation. To minimize the soil loss from the most fertile layer in terms of organic matter, 

microbiological activities and plant nutrients, growers have to be enlighten that soil moisture should be 

taken into account in timing of sugar beet harvesting, harvested piles should be covered to ensure good 

drying and soils separated by cleaning machines at delivery points should be conveyed back to their 

agricultural lands.These precautions would mitigate not only the land degradation but also socio-economic 

and environmental impacts in terms of global climate change as well. 
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Participatory Planning Approach for Sustainable Natural Resource Management 

(Karanfilli Example)  

Onur BEYAZOĴLU1, Mustafa ¢ETĶN2 

Abstract 

Due to rapid population growth in the world, urbanization, increasing water demands, disruption of the 

ecological system, climate change and so on, conservation of natural resources and sustainable use of 

natural resources have become more important around the world agenda. In order to meet the demands of 

the communities and protect the ecological cycle in a sustainability way, it is necessary to manage and 

conserve natural sources we have. In this scope, performing integrated works are very important in natural 

resources management. After the 1990s, it has been noticed that works in watersheds come under the duties and 

authorization more than one government organization. Importance of participating of the public and non-

governmental organizations for projects has been understood, and as a result of this, integrated watershed 

rehabilitation projects has been come in view. As a country of Turkey, we do have good examples related to 

project preparing and implementing.In this study, it will be conveyed the criteria of watershed selection, 

characteristics of the watershed and project activities for Batē Akdeniz Watershed, Karanfilli Stream Integrated 

Watershed Rehabilitation Projects which prepared in 2016 by ÇEM and participation of related organization, 

institution and local people, and OGM, Project implementing organization.  

Key Words: Natural Resources, Rehabilitation, Watershed, Participation, Karanfilli Stream 

1. Introduction  

1.1 Rehabilitation in Watershed and Watershed Projects in Turkey 

Rehabilitation has been described by National Academy of Science (1974) as reclaiming of a degraded area 

to make reproducible. Definition of the rehabilitation in 2015National Watershed Management Strategy 

(UHYS)has been expressed as rehabilitation works/activities conducted  with field-specific species and  

feasible methods for nature in terms of solving problems that caused by human-being and natural factors 

.Watershed rehabilitation projects aim to improve the economic level  of the people living in the basin along 

with the improvement of the forest, pasture and agricultural land in the basin and thus to restore the 

degraded natural balance. The rural areas have closed agricultural economies, have intense education and 

health problems and also in these areas natural resources are no subject to be used efficiently. For his reason, 

these regions are in great need of various infrastructure investments (Küçükkaya, 2013; Çetin, 2014; Çetin, 

2015).As in study on 106 watershed carried out in 2005 by Postel and ThompsonJr, it was determined that 

almost one-third of watersheds land is converted into agricultural or urban-industrial land use.The activities 

related to watershed management problems have been started 1970s in public institutions. In Turkey in the 

years of 1970s, Forestry organization has prepared and implemented watershed-based projects in some 

regions. At the different time by various public organizations such as former General Directorate of 

Forestation (AGM), former General Directorate of Forest-Village Relations (ORKÖY), watershed-based 

projects prepared for the aim of erosion control, improving livelihood, generating incomes for the villagers. 

Particularly, between the years of 1974-1984, forest villagers development plans and forest villagers 
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improvement plans were prepared for some period. Based on literature review, in Turkey 197 watershed 

projects has been noted.Table-1 summarizes these projects. 

Table 1.Integrated Micro-Watershed (Catchment) Rehabilitation Project (1993-2018) 

ÇEM: General Directorate of Combating Desertification and Erosion ;OGM: General Directorate of Forestry DSĶ: Directorate General 

for state Hydraulic Works ;AGM: Former General Directorate of Forestation 
ORKÖY: Former General Directorate of Forest-Village Relations ; KYGM General Directorate of Highways 
TÜGEM: General Directorate of Agricultural Production;TRGM: General Directorate of AgriculturalReform 
TAGEM: General Directorate of Agricultural Research and Policies;JICA: Japan International Cooperation Agency 
IFAD: The International Fund for Agricultural Development;* Repealed Organizations 

 

1.2 General Selection Criteria of Micro-Watershed/Catchment Projects 

In general, Turkey have successful works after 1970 related to watershed-based field work and after 

1990related to preparation and implementation of the watershed rehabilitation projects. These examples of 

best practice were carried out according to the experienced institutional and expert structure and besides 

selection of micro-catchments criteria. These criteria include;1-The severity of natural resource 

degradation,2-Potential of rehabilitation of natural resources,3-Natural disaster risk,4- Accessibility of the 

micro-tank,5- Rural poverty level,6-Human resource potential,7-Potential for the development of 

agriculture, livestock and other income generating activities,8-Inter-village and inter-village social 

cohesion ,9-The willingness of local people to participate in the project, 10-Potential for sustainable 

implementation of activities. These criteria are not only quantitative but also have been interpreted by 

experienced engineers. Alongside with the studies on Land Degradation Neutrality (rehabilitation, 

afforestation, erosion, soil conservation, flood and avalanche projects etc), income generating and welfare-

enhancing studies, demonstration studies and educational research studies have been carried out. 

2. Project Site and Methodology 

2.1 Project aim and Site characteristic 

In this project (Karanfilli Stream Integrated Micro-catchment Rehabilitation Project), it is aimed to usage 

of the forest, pasture, soil and water resources in a sustainable way, and purposed to reduce pressure on 

natural resources by generating incomes and increasing living conditions of local community, and also 

intended to take precaution to natural disasters occurred or likely to occur. This project was prepared in 

2016 in cooperation with General Directorate of Combating Desertification and Erosion, Çameli District 

Project Name 
Operator and Stakeholders 

Units 
Number of Micro-

catchment 
Project Implementation 

Years (flexible) 

Eastern Anatolia Watershed 
Rehabilitation Project 

AGM *, KYGM *, 
TÜGEM *, ORKÖY * 
and World Bank 

88 1993- 2001 

Anatolia Watershed 
Rehabilitation Project 

AGM*, ORKÖY*, 
TRGM, World Bank 

28 2005- 2012 

Çoruh River  Watershed 
Rehabilitation Project 

OGM, TAGEM, JICA 13 2012- 2019 

Murat River  Watershed 
Rehabilitation Project 

OGM, ÇEM ve IFAD 26 2012- 2021 

Watershed- Based Natural 
Resources Management Project 

OGM 27 2012- 2013 

Integrated Watershed 
Rehabilitation Projects 

¢EM, OGM, DSĶ, 
Provincial Agriculture and 
Municipalities 

13 2014- 2023 

GEF6 - Upper Sakarya 
Watershed Rehabilitation Project 

OGM, ÇEM, GEF 2 2019-2023 

 # of Total Projects 197  
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Governorship, Çameli Municipality, Denizli Forestry Regional Directorate, ÇameliForestry District 

Directorate, other related stakeholders, organizations, institutions and local people. Karanfilli Stream 

Integrated Micro-catchment Rehabilitation Project was carried out within the border of Denizli Regional 

Directorate, Çameli Forest District Directorate. The area of the project was 28.216 ha.There were 8 villages 

within the scope of project which were; Akpēnar, Cevizli, Elmalē, Emecik, Karabayēr, Kirazlēyayla, 

Sarēkavak and Taĸ­ēlar. 

 

 

 

 

Picture-1: Project Location 

2.2 Methodology 

In this project we focused Ask-Determine-Solve approach. Project and duration was divided to 4 work 

flows. At the level 1; we obtained general watershed data.At level 2; we applied farm and villager centered 

Ask-Determine-Solve method. At the level 3, activitieswere determined in field and at level 4 office works 

were done. With the help of Ask-Determine-Solve approach (hereinafter referred to as A-D-S), it was tried 

to provide an environment in which all villagers have equal rights regardless of their gender, ages and social 

conditions. During the meetings of each village, we gave small survey papers to all participants from village 

to learn the demands of local people, problems of the village, livestock and land existence, purpose of the 

forest and pasture usage etc. After local people wrote was asked, experts classified the problems by priority 

then project team wrote down the solutions of the problems.Table-2 shows an example of A-D-S method. 

After writing down problems and solutions based on obtained data from local people, approval of project 

voted. If everyone is agree, it means that project preparing stages would be started. In following steps, 

reconciliation meetings were hold to discuss and to finalize activities of project.  

Table 2.A-S-D Example of Akpinar Village 

 

 

 

 

 

 

 

 

 

AKPINAR VILLAGE ( A-D-S) RESULTS 

PROBLEMS PRIORITY LIST PROPOSAL 

Inadequate irrigation  

water 
Inadequate irrigation water 

Development of water resources 

(pool construction,channel 

improvement ) 

Village Road not 

enough 
Flood Risk Stream and slope reclamation 

Flood Risk Agricultural Education Opening of required courses 

Agricultural Education 
Lack of electricity in the 

highland 
Regional power administration 
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Picture 2. Ask-Determine-Solve and Reconciliation Meetings 

3. Results and Conclusion 

In the Karanfilli Stream Integrated Micro-Catchment Project, we identified the following necessary 

activities based on collected data, field works and meetings; RehabilitationActivities, Income 

Generating Activities, Welfare Enhancing Activities, Education and Capacity Building Activities, 

Demonstrations. 

a) RehabilitationActivities ;degraded forest lands (2.258 ha.), soil conservation(8.598 ha.), forest 

road building(30 km.), fire pond construction(4 ponds ), honey forest planning(3 honey forest.), road 

afforestation(20 km.), public area afforestation(2000 various type saplings), recreation area( 3 area 

)and participatory afforestation (8 ha.),have been planned. 

b) IncomeGeneratingActivities;  animal-barn improvement (85 barns),cattle dairy farming (175 

units),milk sheep dairy farming(21 units),bee keeping (90 units),greenhouse building(105 

greenhouses),irrigation pond(18 ponds) and pipeline construction(18 km.) have been noted for the 

project. 

c) WelfareEnhancingActivities;solar waterheaters (140 solar power),roof covering(75 units), house 

insulation (75 houses), energy efficient stoves(65 stoves)   and  fertility management (17 storage 

area)have been projected for local community. 

d)Educationand CapacityBuilding Activities; within scope of the rehabilitation works, Villager and 

farmer education, technical staff education, marketing research,medicinal and aromatic plants 

inventory education and fertility management education have been planned for entire watershed. 

e) Demonstrations; in order to raise of the project awareness, within the context of this 

activities,strawberry cultivation (8 gardens),electro shock wire fence (8 units),alfalfa (3.200kg.), 

sainfoin (3.200 kg.)  and vetch (800 kg.) have been planned. 

As a conclusion, this project was prepared by ÇEM in 2016 and  OGM and other stakeholders are going 

to try to finish by 2021 .Within the concept of integrated watershed projects, it is important that 

participatory approach must be indigenized by all stakeholders including local people to have 

remarkable success. In addition to be successes, engineering works and projects should be based on 

quantifiable data and quantifiable indicators and general selection criteria of watershed management 

planning should not be ignored. 

 


