
WHEAT  LANDRACES
IN  FARMERS’  FIELDS  IN  TURKEY
NATIONAL SURVEY, COLLECTION
AND CONSERVATION, 2009-2014

'
FA

O
/ A

le
xe

y 
M

or
go

un
ov

'
FA

�
/ M

us
ta

fa
 K

an

'
FA

�
/ M

ustafa K
an

'
FA

�
/ M

us
ta

fa
 K

an

'
FA

�
/ M

ustafa K
an





FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS

Ankara, 2015

WHEAT LANDRACES
IN FARMERS’ FIELDS

IN TURKEY

Mustafa KAN,
Murat KÜ˙ÜK˙ONGAR,

Mesut KESER,
Alexey MORGOUNOV,
Ha�z MUMINJANOV, 

Fatih ÖZDEMIR,
Calvin QUALSET

NATIONAL SURVEY, COLLECTION 
AND CONSERVATION, 2009-2014



�e designations employed and the presentation of material in this information 
product do not imply the expression of any opinion whatsoever on the part of the 
Food and Agriculture Organization of the United Nations (FAO) concerning the 
legal or development status of any country, territory, city or area or of its authorities, 
or concerning the delimitation of its frontiers or boundaries. �e mention of speci�c 
companies or products of manufacturers, whether or not these have been patented, 
does not imply that these have been endorsed or recommended by FAO in preference to 
others of a similar nature that are not mentioned.

�e views expressed in this information product are those of the author(s) and do not 
necessarily re�ect the views or policies of FAO.

ISBN: 978-92-5-109048-0

© FAO, 2015

FAO encourages the use, reproduction and dissemination of material in this information 
product. Except where otherwise indicated, material may be copied, downloaded and 
printed for private study, research and teaching purposes, or for use in non-commercial 
products or services, provided that appropriate acknowledgement of FAO as the source 
and copyright holder is given and that FAO�s endorsement of users� views, products or 
services is not implied in any way

All requests for translation and adaptation rights, and for resale and other commercial 
use rights should be made via www.fao.org/contact-us/licence-request or addressed to 
copyright@fao.org.

FAO information products are available on the FAO website (www.fao.org/publications) 
and can be purchased through publications-sales@fao.org.

Photographers: Mustafa Kan, Murat Küçükçongar, Mesut Keser, Alexey Morgounov

Printed in Turkey

Citation: FAO, 2015. Wheat Landraces in Farmers� Fields in Turkey: National Survey, 
Collection, and Conservation, 2009-2014, by Mustafa Kan, Murat Küçükçongar, Mesut 
Keser, Alexey Morgounov, Ha�z Muminjanov,  Fatih Özdemir, Calvin Qualset



iii

CONTENTS
LIST OF FIGURES AND PHOTOS...........................................................................................v
LIST OF TABLES.........................................................................................................................ix
LIST OF ACRONYMS AND ABBREVIATIONS....................................................................xi
ACKNOWLEDGEMENTS...................................................................................................... xiii
EXECUTIVE SUMMARY.........................................................................................................xv

CHAPTER 1
INTRODUCTION........................................................................................................... 3
1.1. Country and Geographical Information.............................................................................3
1.2. Agricultural Sector in Turkey...............................................................................................5
1.3. Biodiversity in Turkey...........................................................................................................8
1.4. References.............................................................................................................................12

CHAPTER 2
THE STATE OF WHEAT DIVERSITY......................................................................... 17
2.1. History of Wheat in Turkey................................................................................................17
2.2. Wheat Policy of Turkey.......................................................................................................19
2.3. Wheat Breeding Studies in Turkey....................................................................................22
2.4. �e State of Wheat Landraces in Turkey...........................................................................23
2.5. References.............................................................................................................................26

CHAPTER 3
NATIONAL INVENTORY AND MAPPING OF WHEAT LANDRACES.................. 33
3.1. Introduction..........................................................................................................................33
3.2. General Information on Research Area............................................................................34
3.3. Materials and Methods........................................................................................................48
3.4. Results and Discussion........................................................................................................52
3.5. References.............................................................................................................................65

CHAPTER 4
FARMER PRACTICES AND DECISION MAKING 
CONCERNING WHEAT LANDRACES...................................................................... 83
4.1. Introduction..........................................................................................................................83
4.2. Materials and Methods........................................................................................................84
4.3. Results and Discussion........................................................................................................85
4.4. References...........................................................................................................................120

CONTENTS



CHAPTER 5:
VALUING LOCAL WHEAT LANDRACES............................................................... 125
5.1. Introduction........................................................................................................................125
5.2. Materials and Methods......................................................................................................126
5.3. Results and Discussion......................................................................................................127
5.4. Conclusion..........................................................................................................................131
5.5. References...........................................................................................................................135

CHAPTER 6
NGOs AND THE SUSTAINABILITY OF WHEAT LANDRACES............................ 139
6.1 Introduction.........................................................................................................................139
6.2 �e Role of Local Initiatives and NGOs...........................................................................140
6.3 Conclusion...........................................................................................................................143
6.4 References............................................................................................................................143

CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS........................................................ 149
References...................................................................................................................................154



v

LIST OF FIGURES AND PHOTOS

LIST OF FIGURES AND PHOTOS
Figure 1.1 Climatic regions 5

Figure 1.2 Average elevations 6

Figure 1.3 Agricultural production (billion TRY) and its share of GDP 7

Figure 1.4
Agricultural employment (thousands) and its share of total 
employment

7

Figure 1.5
Agricultural land and forest area (1,000 ha) and its share of 
total area

8

Figure 1.6 Share of some cereals in total grain production (2011) (%) 9

Figure 1.7 Wheat production by region (2010) 9

Figure 2.1
Variations in the appearance of spikes of wheat species, one of 
many morphological characteristics used for their taxonomic 
classi�cation

18

Figure 2.2 Cereal land distribution 19

Figure 2.3
Changes in wheat cultivation area, yield, and the amount of 
production (index 1961=100)

20

Figure 2.4
Change in certi�ed wheat seed purchase amounts (metric 
tons) by year

21

Figure 2.5
Distribution of Agricultural Research Institutes and stations 
engaged with wheat breeding (winter or spring type)

23

Figure 3.1 Map of the Fertile Crescent 35

Figure 3.2
Map of the Southeastern Anatolia Region showing the nine 
included provinces

35

Figure 3.3 Map of the Black Sea Region showing the 18 included provinces 37

Figure 3.4
Map of the Eastern Anatolia Region showing the 14 included 
provinces

40

Figure 3.5 Map of the Marmara Region showing the 11 included provinces 42

Figure 3.6
Map of the Aegean Region showing the eight included 
provinces

44

Figure 3.7
Map of the Central Anatolia Region showing the 12 included 
provinces

46

Figure 3.8
Map of the Mediterranean Region showing the eight included 
provinces

47



Figure 3.9 Wheat landrace survey areas by province and year 49

Figure 3.10

Distribution by province of the 10 most commonly grown 
wheat landraces (Zerun, Siyez Bu�day�, Karak�lç�k, K�rm�z� 
Bu�day, Sar� Bu�day, Ak Bu�day, Koca Bu�day, Topba�, K�rik, 
and �ahman)

58

Figure 3.11 Distribution of wheat types (bread, durum, and feed) by province 62

Figure 3.12
Farmers� land use decisions by province with respect to wheat 
landrace production

62

Figure 3.13
Farmers� production systems classi�ed by province according 
to irrigation status

62

Figure 3.14
Relative importance of wheat landraces by area under 
production and proportion of farmers growing them

63

Figure 4.1
Mean elevations of wheat landrace production areas by 
province and region

87

Figure 4.2 Mean distance of farmers to nearest market by province 90

Figure 4.3 Distribution of districts according to development class 91

Figure 4.4
Socio-economic index values of districts according to type of 
landrace production

92

Figure 4.5
Distribution by age of farmer with respect to preferences for 
wheat landrace production

95

Figure 4.6

Wheat landrace production as a percentage of total agricultural 
production and as a percentage of total wheat production area, 
and rainfed wheat landrace production as a percentage of total 
wheat landrace production area by region

96

Figure 4.7
Proportion of farmers who have tried producing commercial 
wheat varieties by region

100

Figure 4.8
Proportion of farmers who have continued production of 
commercial wheat varieties by region

100

Figure 4.9 Time of sowing for wheat landrace production by region 101

Figure 4.10 Sowing method for wheat landrace production by region 102

Figure 4.11 Amount of wheat landrace seed sown by region 103

Figure 4.12 Source of seed for wheat landrace production by region 105

Figure 4.13
Distribution of farmers� practice of seed cleaning in wheat 
landrace production by region

105

Figure 4.14
Distribution of farmers� use of seed pesticides for wheat 
landrace production by region

106



vii

LIST OF FIGURES AND PHOTOS

Figure 4.15
Distribution of farmers� use of animal manure for wheat 
landrace production by region

107

Figure 4.16
Proportion of farmers� use of fertilizer for wheat landrace 
production by region

108

Figure 4.17
Rate and type of fertilizer used for wheat landrace production 
by region

108

Figure 4.18
Farmers� responses to whether wheat landrace harvest will be 
based on harvest time of improved wheat varieties by region

111

Figure 4.19
Distribution of types of farmers� wheat landrace harvesting 
methods by region

112

Figure 4.20
Distribution of farmers� valuation of wheat landrace crops 
based on extent of crop o�ered for sale by regions

114

Figure 4.21
Distribution of farmers� preferences on place to market wheat 
landraces by region

115

Figure 4.22 Average height of wheat landraces by region 116

Figure 4.23
Distribution of farmers� decisions to sell wheat landraces as 
processed products and as straw by region

117

Figure 4.24
Yield potential of wheat landraces in bad, normal, and good 
production conditions by region

118

Figure 4.25
Overall yield potential of the three types of wheat landraces in 
bad, normal, and good production conditions

118

Figure 5.1 Histogram of age of wheat-landrace-producing farmers 134

Photo 3.1 K�rik 64

Photo 3.2 Üveyik Bu�day 64

Photo 3.3 Siyez Bu�day� 64

Photo 3.4 Topba� 64

Photo 3.5 Karak�lç�k 64

Photo 3.6 K�rm�z� Bu�day 64

Photo 3.7 Zerun 64

Photo 3.8 Ak Bu�day 64

Photo 4.1 Di�erent uses of wheat landraces 98

Photo 4.2 Di�erent sowing methods 102

Photo 4.3 Seed cleaning technique and its equipment (sieve) 106

Photo 4.4 Techniques of using animal manure 107

Photo 4.5 Di�erent harvesting techniques and equipment 113





ix

LIST OF TABLES

Table 3.1 Local names of collected wheat landraces and their frequency 
ranked from highest to lowest 54

Table 3.2 Classi�cation of collected wheat landraces as bread wheat, durum 
wheat, or feed wheat types 56

Table 3.3 Farmers� land-use decisions on wheat production (%) 57

Table 3.4 Distribution by region of wheat landrace production according to 
irrigation status 61

Annex 3.1 Distribution of wheat landraces by geographic region, province, 
and district 68

Table 4.1 Coe�cients (�) for conversion between gender and age and Man 
Labor Units 86

Table 4.2 Number of farms by type of landrace production with respect to 
elevation 89

Table 4.3 Number of farms by types of landrace production with respect to 
distance to market 89

Table 4.4 Labor force characteristics of farms producing wheat landraces by region 93

Table 4.5 Classi�cation of education levels of household heads of farms 
engaged in production of wheat landraces by region 94

Table 4.6 Type of landrace production characterized by farmers� education level 94

Table 4.7 Characterization of agricultural production area by region with 
respect to wheat landrace production and irrigation status 95

Table 4.8 Distribution of type of landrace production by acreage categories 97

Table 4.9 Distribution of intended use of the wheat landrace production by region 97

Table 4.10 Amount of wheat landrace seed sown by region, irrigation status, 
and sowing method 104

Table 4.11 Amount and type of fertilizer used in wheat landrace production in 
irrigated and rainfed conditions by region 109

Table 4.12 Frequency of seed change by region 110

Table 4.13
Household valuation of wheat landraces as measured by amount 
of harvest sold as related to several production and geographic 
factors

115

Table 4.14 Yield of wheat landraces produced under bad, normal, and good 
production conditions classi�ed by irrigation status 119

Table 5.1 Summary statistics of factors included in the empirical model 128

Table 5.2 Estimation of binomial logistic regression coe�cients for wheat 
variety choice model 130

Table 5.3 Distribution of farmers� opinion on wheat landraces by region 132

Table 7.1 SWOT analysis of wheat landraces 153

LIST OF TABLES





xi

LIST OF ACRONYMS AND ABBREVIATIONS

LIST OF ACRONYMS AND ABBREVIATIONS

BV Botanical Variety

CIMMYT International Maize and Wheat Improvement Center

CGR Crop of Genetic Resources

EU European Union

FAO Food and Agriculture Organization of the United Nations

GDAR General Directorate of Agricultural Research and Policies

GDP Gross Domestic Product

GEF Global Environment Facility

GI Geograhical Indication

HR Head Rows

ICARDA International Center for Agricultural Research in the Dry Areas

LR Landraces

MEU Ministry of Environment and Urbanization

MFAL Ministry of Food, Agriculture and Livestock

MV Modern Varieties

NGO Nongovernment Organization

OECD Organization for Economic Co-operation and Development

SGP Small Grants Program

TRY Turkish Lira

TSI Turkish Statistics Institute

TTSM Variety Registration and Seed Certi�cation Center

TUBITAK Turkish Scienti�c and Technological Council

UNDP United Nations Development Programme

WWF World Wide Fund for Nature





xiii

ACKNOWLEDGEMENTS
�is research was conducted in 65 provinces between the years 2009 to 2014 with 

wheat landrace producers in Turkey and 1,873 questionnaire forms were completed.
We would like to thank and extend our best regards to the following people for 

their invaluable help throughout the research: Province/District Directorates of Food, 
Agriculture, and Livestock directors and experts; CIMMYT, ICARDA and FAO sta�; 
scientists from di�erent universities, research institutes and NGOs; Dr. Enver KENDAL, 
Dr. Hakan HEK�MHAN, Dr. Mustafa GÜLLÜ, Ass. Prof. Köksal KARATA�, Dr. Emin 
DÖNMEZ, Sevinç KARABAK, Rahmi TA�˙I, O�uzhan ULUCAN, Soner YÜKSEL, 
Mustafa ˙AKMAK, Dr. Ümran KÜ˙ÜKÖZDEM�R, Enes YAKI�IR, �brahim KA˙MAZ, 
Ercan DO�AN, Erdal KABLAN, Adem ESK�C�, Fatih SARI, Prof. Dr. Ela ATI�, Mert 
ALTINTA�, Muhittin BÖGET, Süleyman BAKIRCI, Dr. Arzu KAN, Ass. Prof. Sezen 
KÜ˙ÜK˙ONGAR, and all the participating farmers in the study area.

Special thanks go to Dr. Patrick E. McGuire for his editorial contribution to the report.

ACKNOWLEDGEMENTS





xv

EXECUTIVE SUMMARY
Turkey is located at a unique position from the view point of plant genetic diversity. Due 

to its great variety in geomorphology, topography, and climate, Turkey has a large diversity 
of habitats so it is very rich in plant species and endemism. One plant, perhaps the most 
important one, is wheat. Wheat is one of the most important agricultural commodities in 
Turkey, and the country ranks among the top ten wheat producers in the world. Wheat is 
a staple and strategic crop and an essential food in the Turkish diet, consumed mostly as 
bread, but also as bulgur, yu�a (�at bread), and cookies. Total annual wheat production is 
estimated at 19.6 million metric tons, valued at approximately US$6.9 billion in 2010. Total 
production area is approximately 8 million ha (FAO, 2012). Value addition via processing 
makes the wheat industry one of the major sectors in the economy.

Turkey, both in terms of environmental conditions and in terms of culture, is very 
suitable for wheat cultivation. At the same time Turkey is the mother land of wheat. Wheat 
is generally produced in �race and Mediterranean, Aegean, and Marmara seaside places 
as a spring type and in other places it is produced as a winter type. �e average yield of 
wheat is 2,441 kg/ha in Turkey (FAO, 2012).

�e cultivation of wheat in Turkey for over 8,000 years has resulted in a large number of 
named wheat varieties (landraces) in addition to the existing wild and semi-domesticated 
wheat relatives. Modern (improved) varieties have been available in Turkey since the 
early part of the 20�� century and semi-dwarf varieties were introduced from Mexico in 
1966; however, the level of their adoption varies greatly from region to region. A�er the 
introduction of new varieties there was a big increase in wheat yield. At the same time 
these results were an indication of an increase in the use of inputs such as fertilizers and 
pesticides as well as in the use of modern wheat varieties.

Now Turkey has achieved self-su�ciency in many products such as wheat and it is also 
one of the wheat exporting countries. In this case, improved new varieties and production 
techniques have made a great contribution. While on the one hand increasing wheat 
production as a result of high yield potential can be seen as a positive development, on the 
other hand, incorporating new wheat varieties into the production process has led to the 
reduction of genetic resources (local wheat varieties/landraces). Some research reports 
from Turkey showed that the share of modern wheat varieties in Turkish agriculture 
was very high and the share of local landraces was under 1% percent of the total wheat 
production area in the country (Mazid et al., 2009). �us there has been a decline in 
genetic diversity in the Turkish wheat crop.

Turkey is one of the centers of origin of wheat and wheat has been grown on about 
8.5�million ha with production of around 20 million metric tons annually. �ough modern 
varieties are widely grown in most areas, some landraces (LRs) are still being planted in 
some niches, especially in remote and mountainous areas, mainly for home consumption 
with little marketing. Studies have shown the average elevation of currently grown wheat 
landrace populations is 1,133 m and it was determined that 93% of the landrace production 
is for houshold uses.

EXECUTIVE SUMMARY
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and recommendations�, we did SWOT analysis and tried to present new approaches for 
preventing genetic erosion of wheat landraces.

Brie�y, the study showed that wheat landraces are being produced by farmers in 
generally remote areas for subsistence farming. �e number of farmers producing wheat 
landraces and di�erent wheat landrace populations are likely decreasing. As a country, 
we have a good strategy to conserve them in gene banks (ex situ conservation), but we 
should focus more on their maintenance under farmers� conditions (in situ conservation) 
and improve conservation and sustainability strategies using organic farming practices, 
geographical indicators, mountainous production practices, and emphasis on local 
products,. We also need to raise public awareness of the importance of genetic resources 
and strategies for their valuation.

EXECUTIVE SUMMARY
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CHAPTER 1

INTRODUCTION

1.1. Country and Geographical Information

Turkey lies in the Northern hemisphere near the center of the �Old World Continents�, 
i.e. Asia, Africa, and Europe. More speci�cally, it lies near the western and central part 
of the European and North African countries. Turkey also occupies a middle position 
between the North Pole and the Equator. With this geographical position, Turkey extends 
between the 36°N and 42°N latitudes and between the 25°40’E and 44°49’E longitudes. In 
the west, it borders on Greece and Bulgaria, in the east on Georgia, Armenia, Nakhchevan, 
and Iran, and in the south on Iraq and Syria (Anonymous, 2012a).

Turkey�s area is 774,815 km2, 97% of which lies in Asia (the Anatolian Plateau) and the 
remaining 3% in Europe (�race). �e Turkish shoreline stretches for 8,210 km along the 
Mediterranean in the south, the Aegean in the west, and the Black Sea in the north. In the 
northwest there is also the important inland Sea of Marmara, between the straits of the 
Dardanelles and the Bosphorus, important waterways that connect the Black Sea with the 
rest of the world. �e country is roughly rectangular in shape, measuring 1,600 km from 
east to west, and 650 km from north to south (Anonymous, 2012a).

�e high plateau region of Anatolia rises progressively towards the east and is divided 
by valleys formed by 15 rivers, including the Tigris and Euphrates, which originate in 
eastern Anatolia and �ow southward to the Persian Gulf through Syria and Iraq. �e 
largest river entirely within Turkey is the K�z�l�rmak, which �ows northward past Ankara 
into the Black Sea. Among the numerous lakes there are some, such as Lake Van, which 
are as large as inland seas (Anonymous, 2012a).

With its geographically important position, its vast land, and its constantly increasing 
population, Turkey is a powerful entity and a valuable element of stability especially in this 
part of the world.Turkey�s borders are very long and bear various characteristics. Its land 
borders are 2,753 km long and its sea borders are 6,000 km long. Turkey�s borders measure 
877 km with Syria, 331 km with Iraq, 454 km with Iran, 610 km with the former Soviet 
Union (Georgia, Armenia, Nakchevan), 212 km with Greece, and 269 km with Bulgaria 
(Anonymous, 2012b).

It is a country of high elevation with an average elevation of 1,132 masl. Mountain 
ranges extend from the west to the east along the northern and southern coasts. �ere are, 
however, many plains, plateaus, highlands, and basins (Anonymous, 2012b).

With 81 administrative provinces, Turkey also has seven geographical regions 
(Marmara, Black Sea, Mediterranean, Eastern Anatolia, Aegean, Southeastern Anatolia, 
and Central Anatolia, each of which possesses unique climatic and ecological features.
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Although Turkey is situated in the large Mediterranean geographical area where 
climatic conditions are quite temperate, the diverse nature of the landscape, and the 
existence of mountains that parallel the coasts, result in signi�cant di�erences in climatic 
conditions from one region to other. While the coastal areas enjoy milder climates, the 
inland Anatolian plateau experiences extremes of hot summers and cold winters with 
limited rainfall (Sensoy et al., 2012).

Turkey receives most of its rainfall in the winter season, when mean temperature 
usually is below 5°C and there is not much evaporation. But summer rainfall is very 
limited and cannot counter the water de�cit resulting from increased temperature and 
evaporation (Sensoy et al., 2012).

�e Aegean and Mediterranean coasts have cool, rainy winters and hot, moderately dry 
summers. Annual precipitation in those areas varies from 580 to 1,300 mm, depending on 
location. �e Black Sea coast receives the greatest amount of rainfall. �e eastern part near 
Rize and Hopa receives 2,200 mm annually and is the only region of Turkey that receives 
rainfall throughout the year (Sensoy et al., 2012). Inland from the Black Sea coast, near 
Konya and I�d�r, there is only 250 to 300 mm annual rainfall.

Turkey�s diverse regions have di�erent climates because of irregular topography. �e 
Taurus Mountains are near the coast and rain clouds cannot penetrate to the interior part 
of the country and therefore drop most of their water on the coastal area. In the Eastern 
Anatolia region, the elevation of mountains exceeds 2,500 to 3,000 m. �e Northern 
Black Sea Mountains and Caucasian Mountains hold the rain clouds, and therefore the 
inland area has a continental climate with long and very cold winters with heavy snowfall. 
Minimum temperatures of -30 to -38°C are observed in the mountainous areas in the east, 
and snow may lie on the ground 120 days of the year. Villages in the region remain isolated 
for several days during winter storms (Sensoy et al., 2012).

According to the �ornthwaite climate classi�cation method (Sensoy et al., 2012); 
inland Anatolia has semi-dry areas (I�d�r and �anl�urfa); the eastern Black Sea region 
has a very wet climate; and the Black Sea coasts and around Bitlis and Mu�la have humid 
climates. �e other large areas of Turkey have a semi-dry � less-humid climate.

Soil is a heterogeneous system whereby various characteristics dynamically a�ect one 
another. Physical features of the soil include di�erent aspects, such as depth of the soil, 
granularity, internal structure of the soil, texture and related water content, soil air, soil 
temperature, and color (Kantarc�, 1987). In characterizing vegetation, all of these features 
are jointly evaluated with topographic and climatic conditions (Musaoglu, 1999).

�e total area of Turkey is about 78 million ha of which about 16 million ha are 
physically suitable for cultivation and 4 million ha for irrigation. Alluvials constitute the 
most important group of arable soils. �e dominant soils of central Turkey belong to the 
reddish brown and brown groups, most of which are devoted to the growing of cereal 
grains. Grumusol and rendzina soil groups are found in �race and south of the Marmara 
Sea (Oakes, 1959). Climate, topographical, vegetational, and geological diversities of 
Turkey a�ect soil formation and diversity (Aksoy et al., 2010).

Although Turkey is in the subtropical belt having a semi-arid climate with extremes 
in temperatures, the diverse nature of the landscape and particularly the existence of 
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mountains results in great di�erences in climatic conditions from region to region 
(Özden et al., 1998). Actually there are two main climatic types in Turkey (Temperate and 
Mediterranean); there are also 10 subdivisions of these two main climatic types due to 
e�ect of topography on climate. (Figure 1.1)

Major causes of topographic diversity are due to the tectonic movements of the 
recent geologic periods and the accumulation of volcanic products, which have created 
an elevated mass with an average elevation of 1,132 masl. �us, plains at 0 to 250 m 
elevation cover only one tenth of the country, whereas regions higher than 800 m cover 
two-thirds, and regions higher than 1,000 m cover one-half of the country (Özden et 
al, 2001) (Figure 1.2). Most mountain ranges extend from west to east and great ranges 
appear in forms of arches. �e Taurus Mountains in the south can be considered a good 
example of this type. �e highlands and basins among the mountains have formed 
similar geomorphologic features.

1.2. Agricultural Sector in Turkey

Turkey is considered to be one of the leading countries in the world in agriculture 
and related industries with its favorable climate and geographical conditions, rich soil 
sources, and biological diversity. Its position is attested by rising exports in many kinds 
of agricultural products, placing the country amongst the world�s largest producers. 
Agriculture is of key importance to Turkey, both in social and economic terms. Agriculture 
is still the occupation of the majority of Turkish people, despite the constantly rising share 
of industry and services. Turkey is one of the few self-su�cient countries in the world 
in terms of food. Turkey�s fertile soil, adequate climate, and abundant rainfall permit 
growing almost any kind of crops. Farming is conducted in all regions in Turkey, but it 
is less practiced in the mountainous eastern regions where the main activity is based on 

TEMPERATE MEDITERRANEAN

Marmara type

�race type

North East Anatolia type

Central West type

Black Sea type

Central Anatolia type

Typic Mediterranean type

Southeast type

East Anatolia type

Aegean type

Lake Tuz
Lake Van

Figure 1.1 Climatic regions (Kapur et al., 2003)
(Source: Ministry of Food, Agriculture and Livestock, Turkey)
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Black Sea
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A
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ea Lake Tuz Lake Van

Mediterranean Sea

Figure 1.2 Average elevations (Kapur et al., 2003)
Source: Ministry of Food, Agriculture and Livestock, Turkey

animal husbandry (Anonymous, 2012c). �e rapid industrialization of Turkey a�er the 
1930s and government policies caused agriculture�s share to decline in overall income. 
�e share of the agricultural sector in the GDP was almost 50% in 1950, 25% in 1980, 
15.3% in 1990, 10.1% in 2000, and 8.0% in 2011. During this period, Turkey continued 
its economic transformation from agriculture towards industrial and service sectors. 
Despite the decreasing share in GDP, agricultural production has been rising. Agricultural 
production in 2011 was TRY 103 billion (Figure 1.3)

�e Turkish agriculture sector employs 6.5 million people which constitutes 
approximately 25% of the total employment in Turkey. Employment in agriculture 

has been declining, from approximately 29% in 2004 to 25% Q2 in 2012 (Figure 1.4). 
Considering the increase in the production during the same period, the e�ciency of the 
agricultural sector in Turkey has risen signi�cantly (ISPA, 2010).

In terms of agricultural lands, Turkey is also one of the largest countries in the world. 
Total land utilized for agriculture in Turkey is 39,011 thousand ha, 16,333 thousand ha 
of which is sown. About 35.5% of the country consists of arable lands and 15% consists 
of forests. �e cultivated land was around 24.4 million ha in 2011. About 18.4% of the 
cultivated land is irrigated. Vegetable products account for 76% of total agricultural 
production, then animal husbandary; meanwhile forestry and �shing contribute a 
minimal amount. Fruits and �eld crops make up the most of vegetable products, wheat 
being the leading crop (Figure 1.5).

According to the Farmer Record System in 2011, there were approximately 2,292,380 
farmers in Turkey, most of whom are on family farms employing family labor. �e average 
area of a Turkish farm is 6.63 ha (BUGEM, 2012).

Subsistence and semi-subsistence farming is an important characteristic of Turkish 
agriculture. �ese farms are typically characterized by the production factors being low 
and only a small fraction of production being marketed o� farm.
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yield of 2.71 metric tons per ha, it is still lagging behind the EU-27 average yield of 5.66 
metric tons per ha. �e main reasons behind this de�ciency are the production in small-
sized farms and the ine�ciency in input usage as well as climatic conditions (ISPA, 2010; 
BUGEM, 2012; TSI, 2012b). �e main products in the grain group are wheat, barley, and 
corn which constituted approximately 61.9%, 21.6%, and 11.9% percent of the total grain 
production quantity in 2011, respectively (Figure 1.6).

Wheat is the main product in the grain group and is produced in almost every province 
(Figure 1.7). It is also the main crop in many provinces, especially in the Central Anatolia 
Region. �e total production of wheat is approximately 21 million metric tons. �e 
average yield of wheat was 2.71 metric tons per ha in 2011 (TSI, 2014), despite changes in 
the regions.

Turkey is a major world producer and net exporter of fruits and vegetables. Despite 
the relative decline in agriculture�s share of GDP in the last 30 years, the sector still plays 
an important role in foreign trade. Turkey exports many agricultural products such as 
cereals, pulses, industrial crops, sugar, nuts, fresh and dried fruits, vegetables, olive oil, and 
livestock products. �e main export markets are the European Union, the United States, 
and the Middle East. Total exports of agricultural products were valued at $12.5 billion 
USD (as of 2011) (TSI, 2012c).

1.3. Biodiversity in Turkey

Turkey is fortunate as one of the countries in the world possessing vital resources for 
human food security and has the responsibility to protect and use this important wealth 
rationally for the welfare of the future generations. Turkey has a vast array of geobotanical 
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�is extraordinary ecosystem and habitat diversity has produced considerable species 
diversity. It is noted that fauna biological diversity is quite high in Turkey compared with 
the biological diversity of other countries in the temperate zone. Despite lack of data, the 
invertebrates constitute the largest number among identi�ed species. �e total number of 
invertebrate species in Turkey is about 19,000, of which about 4,000 species/subspecies 
are endemic. �e total number of vertebrate species identi�ed to date is near 1,500. While 
there are 12,500 gymnosperm and angiosperm plant species in the entire continent of 
Europe, it is known that there is a similar number (about 11,000) in Anatolia alone, with 
some one-third of them endemic to Turkey. Eastern Anatolia and Southern Anatolia, 
among the geographical regions, and the Irano-Turanian and Mediterranean regions, 
among the phytogeograhical regions, are rich in endemic plant species (MEF, 2007).

Turkey�s genetic diversity becomes important (for plant genetic resources in particular) 
because Turkey is located at the intersection of the Mediterranean and Near Eastern gene 
centers. �ese two regions had a key role in the emergence of cereals and horticultural 
crops. In Turkey, there are �ve micro-gene centers in which more than 100 species display 
a wide variation and which are the origin or center of a large number of important crop 
plants and other economically important plant species such as medicinal plants. �ese 
centers o�er very important genetic resources for the future sustainability of many plant 
species cultivated across the world (MEF, 2007).

Crop genetic resources and the sustaining of them are vital for future generations. 
Record numbers of humans, introduction of agricultural science and technology, economic 
integration of the world�s many diverse cultures, and globalization of agriculture threaten 
to destroy this legacy, enhance the uni�cation of practices, and lead to genetic erosion. 
�ese threats to crop genetic resources have led to the creation of conservation programs 
to preserve them. One type of crop genetic resource conservation is conducted ex situ, that 
is, maintenance of genetic resources in gene banks, botanical gardens, and agricultural 
research stations (Plucknett et al., 1987). Turkey has two National Gene Banks, one in 
Ankara at the Field Crops Central Research Institute and and one in Izmir at the Aegean 
Agricultural Research Institute, both of which are a�liated with the Ministry of Food, 
Agriculture and Livestock (MFAL), which has assumed the leading role in the ex situ 
conservation of the wild relatives of crop plants and of other herbaceous plant species. 
�e ex situ conservation activities for forest trees are performed by organizations a�liated 
with the Ministry of the Forestry and Water A�airs, including the Forest Tree Seeds and 
Tree Breeding Research Directorate in particular (MEF, 2007). In terms of animal genetic 
resources, many domestic animal races were originally bred in Anatolia as a result of its 
location and spread from here to other regions of the world (MEF, 2007; WIPO, 2010).

Up to now, 12,054 species and 3,905 endemic species have been identi�ed in Turkey. 
Trees and grapevine materials are protected in �eld conditions in sixteen Gene Gardens 
throughout the country. In total, 62,210 seed samples of 2,500 species are preserved in the 
�zmir and Ankara gene banks.

Another type of crop genetic resource conservation is conducted in situ, that is 
maintenance of genetic resources on-farm or in natural habitats (Brush, 1991; Maxted et 
al. 1997). In actuality, two types of in situ conservation can be distinguished. First, in situ 











C
ha

pt
er

 2

THE  STATE  OF  WHEAT  DIVERSITY

'
FA

�
/ M

us
ta

fa
 K

an





CHAPTER 2: THE STATE OF WHEAT DIVERSITY

17

CHAPTER 2

THE STATE OF WHEAT DIVERSITY

2.1. History of Wheat in Turkey

Wheat is among the oldest and most extensively grown of all grain crops. �e period 
over which people have in�uenced the cultivation of wheat, however, is short in terms 
of human existence on earth. It is widely accepted that wheat was �rst grown as a food 
crop about 10,000 to 8,000 BCE. Presumably, wheat�s unique dough-forming property was 
seized upon by early people, so that wheat grain was treasured above other grain species 
for baking. Along with other cereal grains, wheat became a major reason for the transition 
from hunter-gatherer nomads to the settled agriculturalists. �e cultivation of storable 
grains meant that the family or tribe did not need to keep moving in search of whatever 
plant and animal food could be found. Instead, it was able to settle in one place, growing 
crops that could be stored safely for the long period a�er harvest. �is major change in 
attitude led to a changed life style, leaving time for the development of cultural exploits 
beyond the day-to-day necessity of seeking food (Diamond 1997).

Wheat is a grain crop that takes many forms in the world today. �e genus name for 
wheat, Triticum, comes from the Latin tero (I thresh). Triticum vulgare is the old (no 
longer accepted) species name for bread wheat, in which vulgare means �common�. �e 
current binomial name, Triticum aestivum, refers to hexaploid common (or bread) wheat 
(genomes A, B, and D). Bread wheat accounts for more than 90% of all the consumed 
wheat in the world today. Despite its being referred to as �bread� wheat, common wheat 
is used for the full range of applications, even including pasta production in some regions 
(Wrigley, 2009). �e other main type of wheat is tetraploid macaroni or durum wheat (T. 
turgidum ssp. durum) (genomes A and B), which is used primarily for pasta production 
(Wrigley, 2009). In addition, there are minor wheats, such as T. monococcum (including 
�small spelt� wheat as a subspecies) and T. timopheevii (including �Georgian� wheat), 
which are cultivated to a limited extent, the former in the former Yugoslavia and Turkey, 
and the latter in the former Soviet Union (Feldman and Sears, 1981). �e main cultivated 
form of spelt wheat is a variety of hexaploid wheat (T. aestivum ssp. spelta) (Figure 2.1) 
(Morrison and Wrigley, 2004).

�e diploid species ancestral to wheat are T. urartu, Aegilops speltoides, an unknown 
Aegilops species that is probably closely related to the modern Ae. speltoides, and Ae. tauschii. 
Each of these species has seven pairs of chromosomes (2n = 14). Tetraploid T. turgidum 
(genomes AABB, 2n = 28) was derived from the natural hybridization of T. urartu (A 
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genome) and the unknown Ae. speltoides-like species (B genome). Hexaploid common wheat 
(genomes AABBDD, 2n = 42) resulted from the natural hybridization of T. turgidum spp. 
dicoccoides (AABB) and Ae. tauschii (DD) (Mangelsdorf, 1953; Feldman, 2001; Shewry et al., 
2003). �e diversity of spike morphology for these and other ancestral wheats is shown in 
Figure 2.1. Although it is not clear from the spike illustrations, these various primitive wheats 
di�er greatly in the ease of threshing grains from the spikes, an important characteristic for 
successful cultivation and harvesting of any grain species (Wrigley, 2009).

Sometime around 10,000 BCE, the area around Mesopotamia and Egypt became so 
crowded, and the climate so hot, that there was no longer enough food available just by 
picking it, and people had to begin growing it. In what is now known as the Fertile Crescent, 
archeological �ndings have shown that eastern Mediterrenean regions surrounding the 
rivers Tigris and Euphrates (Syria, Jordan, Turkey, and Iraq) were the �rst places where 
wheat was produced. Wheat is one of the oldest plants that human beings started to cultivate. 
Archaelogical excavations showed that ancient people living around �anl�urfa (Karacada� 
mountains), a province in the southeastern part of Turkey, planted einkorn wheat (T. 
monococcum) between 10,000 and 12,000 years ago. Today it is still used for animal feed in 
some areas (Nesbitt and Samuel 1996; Tanno and Willcox, 2006; Yavuz, 2010).

Turkey is the center of origin for many crop species, possibly also of plant 
domestication (Davis, 1985; World Bank, 1993; Kaya et al., 1997; Tan, 1998). Diverse 
geological and climatic conditions of Turkey have given rise to unique plant species 

Figure 2.1 Variations in the appearance of spikes of wheat species, one of many morphological characteristics 
used for their taxonomic classi�cation. �e wheat species are (including their ploidy level and common 
names): a, Triticum boeoticum (2x: wild einkorn); b, T. monococcum (2x: einkorn); c, T. turgidum ssp. 
dicoccoides (4x: wild emmer); d, T. t. ssp. dicoccum (4x: emmer; e, T. t. ssp. durum (4x: macaroni wheat); f, 
T. t. ssp. carthlicum (4x: Persian wheat); g, T. t. ssp. turgidum (4x: rivet wheat); h, T. t. ssp. polonicum (4x: 
Polish wheat); i, T. timopheevii (4x: Timopheev�s wheat); j, T. aestivum ssp. aestivum (6x: bread wheat); k, T. 
a. ssp. sphaerococcum (6x: shot wheat, Indian dwarf wheat); l, T. a. ssp. compactum (6x: club wheat); m, T. 
a. ssp. spelta (6x: spelt wheat); and n, T. a. ssp. macha (6x: macha wheat). �e diploid A-genome species, T. 
urartu, is not shown here. 2x = diploid; 4x = tetraploid; 6x = hexaploid. (Adapted from Mangelsdorf, 1953)
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represented nowhere else in the world. Over 30% of the 8,800 species found in the country 
are endemic to Turkey (World Bank, 1993). �e country is the center of origin and a 
source of genetic diversity for globally important plants which were �rst domesticated 
from wild species and still exist in Turkey. In fact, Turkey�s importance in relation 
to progenitor species, such as of wheat, barley, oats, lentil, chickpea, apple, and pear, 
used in Mediterranean and temperate agricultural systems is virtually unprecedented 
(Harlan, 1995; Bennett et al., 1998).

Turkey is within the Vavilov centers of crop genetic diversity as two of these centers, 
namely, the Near Eastern and the Mediterranean, include parts of Turkey. For example, 
Zencirci and Birsin (2004) note that two wheat species, durum (T. turgidum ssp. durum) 
and bread wheat (T. aestivum) originated in the agricultural lands of the historic and 
productive Fertile Crescent in the Near East, located between the Euphrates and the Tigris 
rivers, mostly in Turkey. As they note, Turkish wheat not only contributed to production 
in Anatolia, but also to wheat production in other countries. For example, one Turkish 
wheat landrace was found to carry genes for resistance and tolerance to various rusts, 
smuts, and other fungal pathogens, and it was used a source of resistance genes and is 
a parent of many of the wheat cultivars now grown in the United States (FAO, 1998). 
Landraces and wild relatives of crops from Turkey continue to provide new sources of 
important traits needed to maintain and improve agricultural production and e�ciency 
worldwide (F�rat and Tan, 1997).

2.2. Wheat Policy of Turkey

�irty percent of Turkey�s total surface area (24.4 million ha) is agricultural land, 
67.8% of which, excluding fallow land, (16.3 million ha), is divided into arable land. Of 
that arable land, 74.2% (12.1 million ha) is sown as cereals. Wheat ranks �rst in Turkey 
with respect to total area of production at 66.9% (Figure 2.2).

Wheat is one of the most important agricultural commodities in Turkey, and the 
country ranks among the top 10 producers in the world. It is a staple and strategic crop and 
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an essential food in the Turkish diet, consumed mostly as bread, but also as bulgur, yu�a 
(�at bread), and cookies. Total annual wheat production is about 20 million metric tons, 
valued at approximately $6.9 billion USD in 2010. Total production area is approximately 
8 million ha (FAO, 2012). Value addition via processing makes the wheat industry one of 
the major sectors in the economy.

Turkey, both in terms of environmental conditions and in terms of culture, is very 
suitable for wheat cultivation. Wheat is generally produced in �race and Mediterranean, 
Aegean, and Marmara coastal areas as spring type and in other places it is produced as 
winter type. �e average yield of wheat is 2,441 kg/ha in Turkey in 2010 (FAO, 2012) and 
this value varies by agroecological regions and wheat types (bread and durum).

�e cultivation of wheat in Turkey for over 8,000 years has resulted in a large number 
of farmer-named wheat varieties in addition to the existing wild and semi-domesticated 
wheat relatives. Modern (improved) varieties have been available in Turkey since the early 
part of 20th century and semi-dwarf varieties were introduced from Mexico in 1966; 
however, the level of adoption in the country varies greatly from region to region. A�er 
the introduction of new varieties to the country there was big advance of wheat yields. At 
the same time, these results were an indication of the increase in the use of inputs such as 
fertilizers and pesticides as well as the use of modern wheat varieties. Figure 2.3 shows the 
development process of wheat in Turkey a�er 1960 on production, yield, and cultivation 
area by years. �e wheat-yield average of the last 21 years, 2,190 kg/ha, has been realized 
by cultivation of new varieties, planting techniques, irrigation, fertilization, and the 
increase of best practices in plant protection (Altunta� and Demirtola, 2004). Cultivation 
area (14%), yield (167%), and the amount of production (205%) have increased in 2011 
compared to 1961 in Turkey (Figure 2.3).

Especially in yield increase, the Turkish Government plays an important role via 
agricultural support systems. Grain, which is the most important crop group in Turkey, 
corresponds to 20% of the total national production value (TSI, 2012). Grain production 
in Turkey is highly dependent on governmental policies. Grain, because it is a strategic 
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2.3. Wheat Breeding Studies in Turkey

Wheat is a staple food crop all over the world and is the most widely grown crop in 
the world and Turkey. Wheat is produced in almost every part of the Turkey, but the 
Central Anatolia Region is the one of the most important production areas. During the 
last 35 years wheat production in Turkey steadily increased, reaching about 21 million 
metric tons/year out of 9 million ha (the seventh largest area in the world). Meanwhile, 
genetic resources from Turkey contributed greatly to the increase of wheat production in 
many countries. Germplasm exploration and collection missions led to the evaluation of 
collected materials in di�erent countries, and several landraces (e.g., Turkey Red) were 
largely utilized to breed new varieties. In Turkey, modern wheat breeding started in 1925. 
Its main goal was to select from local populations lines adapted to the di�erent regions of 
the country. Breeding initiatives could be divided into three periods. �e �rst was from 
1960 to 1970 and cultivars such as �Kose�, �Surak�, �Yayla-305�, �Ak�702�, and �Kunduru-1149� 
were released, followed by �Gerek-79�, �Haymara-79�, �K�rkp�nar-79�, and �Cakmak-79�. 
In 1967 the National Wheat Release and Training Project was established, with the 
contribution of international organizations, resulting in the Turkish Green Revolution. 
During the second period (1971 to 1989), �Bezostaya-1� (a widely grown cultivar from 
the former Soviet Union) and �Hawk� were introduced. With its research infrastructure 
and a core of well-trained scientists, Turkey has also made a signi�cant contribution to 
international e�orts to improve winter wheat production. In 1986, the government of 
Turkey and CIMMYT, joined by ICARDA in 1990, established the International Winter 
Wheat Improvement Program (IWWIP). Several improved wheat varieties have since been 
jointly developed, disseminated, and grown by producers both in Turkey and elsewhere 
in the world. Other varieties were also introduced into the country, particularly with the 
implementation of new agricultural policies in the 1980s, and both private companies 
and public agencies introduced new varieties at an accelerated rate. A�er 1990, many new 
cultivars were released with high yield, good quality, and resistance to yellow rust (incited 
by Puccinia striiformis Westend. f.sp. tritici) (Akar et al., 2007). �e objective of wheat 
breeding programs was the selection of lines for the diverse wheat producing regions 
in Turkey. As part of the breeding e�ort, wheat germplasm from around the world was 
introduced into Turkey to develop wheat cultivars for speci�c areas. �e national breeding 
program, meanwhile, developed over 100 wheat cultivars, many of which had a signi�cant 
impact on the economy (Alt�ntas et al., 2008).

Commercial wheat varieties are very common in Turkey and every year new wheat 
varieties enter the wheat markets. �ere are also national and international wheat breeding 
programs (IWWIP) and these programs are carried out by the agricultural research 
institutes. �e public institutes have the largest share in wheat breeding studies and now 13 
public agricultural research institutes and/or stations are engaged with the wheat breeding 
program in Turkey, working under the Ministry of Food, Agriculture and Livestock. �e 
mandate areas of these agricultural research institutes are shown in Figure 2.5.

�ere are many commercial wheat varieties in Turkey. �e initial large in�ux of new 
wheat varieties was in 1966 with varieties from Mexico. Now, there are 178 (130 bread 
wheat and 48 durum wheat) registered varieties and 38 (34 bread wheat and 4 durum 
wheat) production-allowed varieties. Of these, 75.9% is bread wheat and the rest is durum 
wheat (TTSM, 2012).
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2.4. �e State of Wheat Landraces in Turkey

Landraces, or traditional varieties, are de�ned as crop varieties whose morphological 
and genetic composition is shaped by household crop management practices and natural 
selection pressure over many generations of cultivation (Belay et al., 1995; Smale et al., 
2001), while modern varieties refer to varieties that have been improved scienti�cally by 
hybridization, usually by professional breeders (Kruzich and Meng, 2006).

Wheat landraces are composed of traditional crop varieties developed by farmers 
through many years of natural and human selection and are adapted to local 
environmental conditions and management practices. As distinct plant populations, 
landraces are named and maintained by traditional farmers to meet their social, 
economic, cultural, and environmental needs. �ey are alternately called farmers� 
varieties or folk varieties to indicate the innovative role of farmer communities in their 
development and maintenance (Jaradat, 2012).

Many modern cultivars, in wheat and in other crops as well, are o�en genetically similar, 
with a rather narrow genetic base. �erefore, in breeding we need to also utilize sources 
of new diversity. Landraces, which have arisen through a combination of natural selection 
and the selection performed by farmers (Belay et al., 1995), usually have a broader genetic 
base and can therefore provide valuable characteristics important for breeding (Keller et 
al., 1991; Tesemma et al., 1998). Tolerance to local stresses (Li et al., 1997) and the resulting 
good yield stability are also o�en noted for landraces (Tesemma et al., 1998). Landraces 
and obsolete cultivars can be considered as a valuable portion of the gene pool (Vojdani 
and Meybodi, 1993; Zou and Yang, 1995) because they represent the broad intraspeci�c 
genetic diversity of crops, from which new cultivars have arisen. Due to those valuable 
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characteristics, the direct practical utilization of some landraces by farmers has also been 
discussed (Brush and Meng, 1998).

Landraces are important to conserve as genetic resources. Awareness of the need for 
biodiversity conservation is now universally accepted, but recent conservation activities 
have focused on wild species. Crop species and the diversity between and within them 
have signi�cant socioeconomic as well as heritage value. �e bulk of genetic diversity in 
domesticated species is located in traditional varieties maintained by traditional farming 
systems. �ese traditional varieties, commonly referred to as landraces, are severely 
threatened by genetic extinction primarily due to their replacement by modern genetically 
uniform varieties (Villa et al., 2005).

Extinction of genetic resources and genetic erosion are some of the main problems facing 
Turkey like many other countries. Modern agriculture and conventional breeding and the 
liberal use of high inputs have resulted in the loss of genetic diversity and the stagnation 
of yields in cereals in less favorable areas. Increasingly landraces are being replaced by 
modern cultivars which are less resilient to pests, diseases, and abiotic stresses, thereby a 
valuable source of germplasm for meeting the future needs of sustainable agriculture in 
the context of climate change is lost. Where landraces persist there is concern that their 
potential is not fully realized (Newton et al., 2010).

Wheat landraces are valuable sources to broaden the genetic base of cultivated 
wheat. �e development of new varieties from landrace populations is a viable strategy 
to improve landrace yield and yield stability, especially under stress and future climate 
change conditions; also, these landraces harbor genes and gene complexes for quality 
traits, tolerance to biotic and abiotic stresses, and adaptation under a wide range of 
low-input and organic farming systems (Jaradat, 2012). �e genetic diversity of wheat 
landraces must be investigated for use in wheat breeding. More information about the 
genetic diversity within and relationships among landraces would be invaluable for the 
conservation and utilization of existing genetic resources (Warburton and Hoisington, 
2001; Zhang et al., 2006).

Turkey lies within the broad region of domestication of wheat (Zohary and Hopf, 
1988). �e �rst collection was completed in the �rst quarter of the 20�� century by the 
pioneering Turkish scientist Mirza Gökgöl who collected wheat landraces from all over 
Turkey and evaluated them for basic characteristics. His book, �Türkiye Bu�daylar��, 
identi�ed about 18,000 types of wheat and among them he identi�ed 256 new varieties. 
His publications are still the most notable sources for breeders and scientists dealing with 
plant genetic resources. �e analyses of these materials convinced Gökgöl that almost all 
wheat varieties existing in the world were present in Turkey and that Turkish landraces 
provide an endless treasure to breeders (Gökgöl, 1939).

In the same period as Gökgöl, the well-known Russian scientist Zhukovsky conducted 
three collecting missions to Turkey during the years 1925 to 1927. Zhukovsky was 
encouraged by Vavilov and his missions were supported by �e Botany Society of the 
Soviet Union. During his three years in Turkey, Zhukovsky collected around 10,000 
samples of cereals, forages, and vegetables. �e material was an enormous contribution to 
plant varieties of the Soviet Union (Zhukovsky, 1951).

Another landrace collection was made by Harlan in 1948 to 1949 with the contributions 
of the Agronomy Department of the University of Ankara1, the Soil O�ce of the Ministry of 
Trade, and the Plant Breeding Stations of the O�ce of the General Director of Agriculture. 
1	 The names of the institutions are former name of Field Crop Department of Ankara University, Turkish Grain Board, and General 

Directorate of Agricultural Research and Policies in Turkey.
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�e collection included 2,121 wheat accessions (including T. monococcum), and 55 
accessions of wild relatives of wheat. �ese populations were analyzed for botanical and 
agronomic composition, providing an unusual opportunity for studies on the behavior of 
botanical varieties in mixed populations under diverse climatic conditions. �e wheats in 
Turkey were represented by remarkable diversity and great varietal wealth (Harlan, 1950).

Turkish farmers cultivated their landraces widely until the second half of the 20�� 
century when a program was started in Turkey through an agreement with �e Rockfeller 
Foundation. Although it was a modest start in agriculture research, mechanization, and 
use of fertilizers and chemicals, it resulted in unexpected consequences. Among the 
several plant research groups involved, the wheat program had the greatest impact. It did 
not take long for the new varieties to replace the landraces. �is genetic heritage began 
to be diminished a�er so called high-yielding �Mexican wheats� were introduced to the 
country (Karagöz, 2014).

In the early years of wheat breeding in Turkey, varieties such as Köse 220/39, Sürak 
1593/51, Topba� 111/33, and Sertak 52 were improved by selection with the Köse 220/39 
bread wheat variety used as a quality standard. �is situation is an indication of how 
important the landraces are for Turkey. In recent years, landraces have not been used much 
in breeding and foreign-origin wheat materials have formed a basis for the crossbreeding 
studies in Turkey. �ese changes have narrowed the genetic variation in bread wheat 
varieties (Karagöz and Zencirci, 2005).

Damania et al. (1996) evaluated the collection of 2,420 accessions derived from single-
spike population samples of durum wheat landraces collected in 1984 from 172 sites 
in 28 provinces in Turkey by Metzger�s team. �ey found di�erentiation among these 
accessions for number of days to heading, maturity, days to grain �lling, as well as for 
plant height, peduncle length, number of spikelets per spike, spike length, awn length, 
and kernel weight. As a result of canonical analysis, signi�cant correlations were found 
among province, mean temperatures, elevation, latitude, and length of growing season. 
Eight distinct groups of provinces were identi�ed by cluster analysis. �ey concluded that 
accessions could be utilized in crop improvement programs targeted at either favorable or 
stressed environments.

�e other important collection and evaluation studies were done by Zannata�s team in 
1993-1994 in the western part of Turkey. �ey accessed farmers� seed stores in 35 villages 
from six districts and three provinces in western Turkey, Merkez, and Banaz in U�ak 
province; Altintas, ˙avdarhisar, and Simav in Kütahya province; and Seyitgazi in Eski�ehir 
province. A total of 126 populations, representing 22 landraces, were planted in Eski�ehir and 
compared to modern varieties of wheat recommended for cultivation in Turkey: Bezostaja-1, 
Cakmak-79, Gerek 79, and Kunduru 1149. �ey found signi�cant yield di�erences between 
wheat landraces and modern wheat varieties. �e yields for the modern varieties ranged 
from 1,800 to 2,900 kg/ha in the �rst year, and from 3,500 to 4,500 kg/ha in the second year. 
At the same time, the landraces showed very good performance in relation to the modern 
germplasm in both years, with yields variying from 1,400 to 3,100 and 3,200 to 5,600 kg/ha 
in the �rst and second years, respectively (Zanatta et al., 1996, 1998).

Akçura and Topal (2006)  evaluated genetic diversity of seven quantitative characters 
in 307 winter bread wheat landraces which were collected from 21 di�erent provinces in 
Turkey and calculated the Shannon-Weaver diversity index (H’). �e researchers concluded 
that these landraces must be considered as a reservoir of genes that plant breeders need in 
their winter wheat improvement programs in Turkey.
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CHAPTER 3

NATIONAL  INVENTORY  AND
MAPPING  OF WHEAT LANDRACES

3.1. Introduction

�e evaluation of landraces is important to identify and conserve them. Up to 
now, there are only a few studies on the landrace potential of Turkey. While some 
scientists collect landraces and investigate their agronomic features to determine usage 
opportunities in breeding studies (Gökgöl, 1939; Harlan, 1950; Metzger, 19842; Damania 
et al., 1996; Zanatta et al., 1996; Damania et al., 1997; Zanatta et al., 1998, Akçura and 
Topal, 2006), there are few studies on characteristics of farmers who grow them and 
on in situ conservation of landraces (Meng,1997; Qualset et al., 1997; Brush and Meng, 
1998; Tan, 2002; Kruzich, 2006; Kruzich and Meng, 2006). In almost every study done 
in Turkey, scientists mentioned that landraces have important potential for breeding 
and they should be incorporated into breeding studies (Keller et al., 1991; Zanatta et 
al., 1996; Tesemma et al., 1998; Zanatta et al., 1998; Dotla�il et al., 2010, Jaradat, 2012). 
However, while the importance of landraces has been emphasized by many scientists in 
Turkey (e.g;, Harlan, 1950; ˙etin et al., 2007), genetic erosion and extinction of some 
species have not been prevented and continue.

�e �rst evaluation and important study on landraces is that of Mirza Gökgöl�s book 
(Gökgöl, 1939). It is a valuable reference source for wheat gene resources. �is study shed 
light on genetic diversity studies on wheat and also gives information on which type of 
landraces were grown and in which region. Since this study, only small-scale research has 
been undertaken with limited scope and scale.

ICARDA and CIMMYT are international centers of the CGIAR carrying out 
agricultural research in di�erent agricultural subjects and crops. �ey are also partners 
in many agricultural projects with Turkey. One of the important collaborative projects 
has been the International Winter Wheat Improvement Project (IWWIP) established in 
1986 by the government of Turkey and CIMMYT, joined by ICARDA in 1990. Several 
improved wheat varieties have since been jointly developed, disseminated, and grown by 
producers both in Turkey and elsewhere in the world.

2	 �is record was mentioned in two papers: 
�	 Skovmand, B., L. Bertschinger, and J. Robinson. 1994. Quantifying heterogeneity for reactions to the Russian wheat aphid in 

accessions of Turkish hexaploid wheat landraces previously identi�ed as resistant. p. 139�142. In: Proc. of the Russian Wheat Aphid 
Workshop 6, Fort Collins, CO. 23�25 Jan. 1994, 

�	 Jaradat, A.A., S. Jana, and L.N. Pietrzak, 1987. Collection and evaluation of cereal genetic resources of Turkey and Jordan. Rachis 6:12-14.
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Figure 3.1 Map of the Fertile Crescent (Anonymous, 2012a)
(Source: Ministry of Food, Agriculture and Livestock, Turkey)

Figure 3.2 Map of the Southeastern Anatolia Region showing the nine included provinces
(Anonymous, 2012b)

3.2.1. Southeastern Anatolia Region

�e Southeastern Anatolia Region contains the following provinces: Ad�yaman, 
Batman, Diyarbak�r, Gaziantep, Kilis, Mardin, Siirt, �anl�urfa, and ��rnak (Figure 3.2). 
�e region comprises 75,308 km2, 9.7 % of Turkey�s total area (Anonymous, 2007a).
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�e most important feature of the region is the simplicity of land forms. �e region is 
covered with plateaus and plains which do not have much height. However, the eastern 
and western halves of the region have slightly di�erent land forms. �e elevation in the 
region starts from 375 m and rises up to 3,358 m in the very east (Alt�ndag). �e part 
of the region between the cities of Gaziantep, Diyarbak�r, and Mardin, which is termed 
the �fertile moon� and through which the �Silk Road� passes, has a so�er topography 
compared to the lands in northeast and east (Anonymous, 2007a).

�e climate of the Southeastern Anatolia Region has a feature formed under the e�ect 
of the arid tropical region to the south as well as of the Eastern Anatolia and Mediterranean 
Regions. �e sea has no e�ect here and a continental climate prevails with respect to heat 
and precipitation. �e winter season is humid, cold, and rainy. Beginning in June, desert 
conditions from the south begin to dominate in the region and drought is common, 
with much evaporation. �e highest temperatures of Turkey are found around Sanl�urfa 
(46.5°C) and Diyarbak�r (46.2°C). Most precipitation falls in winter months, decreasing 
toward the Syrian border.�e average annual precipitation is 796 mm in the north, while 
it is 331 mm in the regions close to the Syrian border. It is especially cold in winter in the 
higher regions, snowfall and frost are frequent. At high elevations in continental climates, 
there is large di�erence in summer and winter temperatures. Here it is no di�erent. �e 
average temperature of the coldest month varies between 1.5°C and 6°C, while the average 
temperature of the hottest month is about 30°C (Anonymous, 2007a).

�e agricultural sector is e�ective in this region, employing almost 60% of the working 
population, especially in the medium-scale cities with population less than 100,000. �e 
underdeveloped traditional economical and social structure of the region as well as 
its rapid population growth rate re�ects on the income per capita which is about half 
of Turkey�s average. �e Southeastern Anatolia Region has an employed population of 
1,960,014, which is 8% of the nation�s employed population. In the region, 62.6% of that 
employed population is male, while 37.4% is female, with the women mostly employed in 
the agriculture sector. In the region, 61.5% of the employed population is in the agriculture 
sector (1,202,525) while 13% (255,192) is in service, 6.7% (131,111) is in industry, and 
3.7% (72,390) is in construction (Anonymous, 2007a).

�e Southeastern Anatolia Region is the poorest of Turkey in terms of forest resources. 
�e land area of the region is almost 7.5 million ha and 3.3 million ha of this is suitable for 
agricultural purposes. According to the distribution of Land Usage Capability Classes, the 
amount of land su�cient for processable agriculture (classes I, II, and III) in the region 
is almost as 33.2% of the total area. When the land su�cient for limited processing (class 
IV), is included, 42.3% of the region is available for agriculture (about 13% of Turkey�s 
total amount of agricultural lands). About 50% (1,760,728 ha) of the total 3,373,188 ha of 
agricultural land in the region is suitable for irrigation, but only 40% of this can actually 
be irrigated. �is rate is well below Turkey�s national average. �e number of enterprises 
in the Southeastern Anatolia Region, 8.6% of Turkey�s total number of enterprises, is 
above the national average generally, but they are not economical. �e vast majority of 
enterprises in the region are, in terms of the land they operate on, insu�cient, scattered, 
unsuitable for machine agriculture, and dispersed family businesses (Anonymous, 2007a).
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From the aspect of processed land, the region owns 15% of the country�s cultivated 
area. With respect to fallowed land, the region has almost 6% of the nation�s. For vegetable 
gardens, the region has 10% and for orchards, it has 14% of Turkey�s vegetable gardens 
and orchards, respectively. Based on countrywide production, the region has 13% of the 
wheat cultivation area, 18% for barley, 4% for corn, 13% for garbanzo, 1% for beans, 9% 
for tobacco, 47% for cotton, 61% for red pepper, 98% for red lentil, and 38% for sesame 
(Anonymous, 2007). According to the 2011 TSI data in the region, wheat cultivation takes 
place on 1,281,520 ha and the average wheat yield is 3054 kg/ha (TSI, 2012).

3.2.2. Black Sea Region

�e Black Sea Region (Figure 3.3) was investigated as two subregions, based on 
geography and agricultural production; the Western Black Sea Region and the Eastern 
Black Sea Region. �e region comprises 109,076 km2, 14% of Turkey�s total area.

Figure 3.3 Map of the Black Sea Region showing the 16 included provinces 
(modi�ed from Anonymous, 2012c)

3.2.2.1. Western Black Sea Region

�e Western Black Sea Region includes the following provinces: Zonguldak, Karabük, 
Bart�n, Kastamonu, ˙ank�r�i, Sinop, Samsun, Tokat, ˙orum, and Amasya. �e region 
comprises 73,902 km2, 9.4% of Turkey�s total area. �e elevation of the region ranges from 
sea level to 2,565 m (Catal�lgaz hill in the province of Kastamonu). �e region has a rugged 
topography, with a majority of the region at high elevations (Anonymous, 2007b).

In the coastal areas of the region, the Black Sea climate, (rainy in all seasons with little 
annual temperature variation) is dominant. Inland from the coastal areas, precipitation 
decreases and the climate becomes continental. However, in the provinces of Tokat 
and Amasya, a transitional climate is observed. �e annual mean temperature overall 
in the western region is 12.5°C, with a mean high temperature of 20°C and a mean low 
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temperature of 7°C. Average relative humidity is 70%. Average annual precipitation is 
633.4 mm. Average number of sunny days is 86 while the average number of frost days is 
37 (Anonymous, 2007b).

�e natural vegetation of the region is forests. �e slopes of the mountains facing 
the sea get abundant precipitation and are covered with luxuriant forests. Inland, cold-
resistant tree species and steppe vegetation predominate (Anonymous, 2007b).

�e region is home to 7.2% of Turkey�s population with a density of 66 persons/km2, 
compared to the mean in Turkey of 88 persons/km2. �e rural proportion of the region�s 
population is 50.6%, much greater than the national average of 35.1%. While the urbanization 
rate in Turkey in general is 64.9%, it is 49.4% in the region (Anonymous, 2007b).

�e average value of agricultural production per person in rural populations is 1,124 
TRY in Turkey while it is below the national average in the region with 998 TRY per 
person (Anonymous, 2007b).

�e area devoted to agriculture amounts to 36.7% of the region�s total area; meadows-
pasture lands comprise 11.2%, forests and brushlands comprise 43.1%, and areas with 
other uses comprise 9%. �e province with the greatest agricultural area is ˙orum; Bart�n 
has the least. Altogether there are 433,473 ha in the region which are classi�ed as �rst-class 
agriculture lands. Among these the Bafra and ̇ ar�amba plains are the most important and 
most fertile of the country. �e region has 1,996,956 ha of lands classi�ed as second, third, 
or fourth class. Of the region�s total agriculture land, (2,723,621 ha), 61% (1,651,130 ha) 
is suitable for irrigation, but only 30% of this can currently be irrigated. In the region, the 
average agricultural enterprise size is 4.1 ha. �e region contains 15.3 % of the agricultural 
enterprises in Turkey with a size less than 5 ha, 13.6% with a size of 5.0 to 9.9 ha, and 
14.4% with a size greater than 10 ha (Anonymous, 2007b).

Most herbal production enterprises in the region are small, scattered, and disjoined. 
Among crops, grains come �rst with an 82.9% share of cultivated areas and crops from the 
legume family come second with an 8% share. Industrial crops, tuber crops, and oleiferous 
crops follow with a cumulative share of 9.1%. Among �eld crops, wheat ranks �rst in area 
followed in order by barley, corn, sugar beet, garbanzo, and tare (Anonymous, 2007b). �e 
Western Black Sea Region (according to the 2011 data of TSI) has 9.89% (800,613 ha) of 
Turkey�s total wheat area; the average yield for 2011 was 2,702 kg/ha (TSI, 2012).

3.2.2.2. Eastern Black Sea Region

�e Eastern Black Sea Region includes the provinces of Trabzon, Ordu, Giresun, 
Rize, Artvin, and Gümü�hane, with a total area of 35,174 km2, 4.5% of Turkey�s total area. 
Elevation ranges from sea level to 3,932 m (Mount Kaçkar in Rize province). �e Eastern 
Black Sea Region receives the most rainfall in all of Turkey. �e annual precipitation average 
ranges from 451 mm to 2,292 mm, changing rapidly over short distances according to the 
topography, but, in general, it decreases from east to west and with increased elevation. 
�e most and heaviest rainfalls are in the coastal regions. While the coastal region has 
precipitation in all seasons, in interior parts, the precipitation decreases in summer 
(Anonymous, 2007c).
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�e Eastern Black Sea Region has a rich �ora with many vegetation types as a result 
of several factors, its range of elevations, having the maritime in�uence of the Black Sea 
on its northern border, having numerous rivers and large and small lakes, and diverse soil 
and climate features. Each of the diverse vegetation types hosts endemic plants. Because 
of this biological richness, several biogenetic reserve areas have been set aside in this 
region, for the protection of natural sources and the maintenance of biological diversity 
(Anonymous, 2007c).

�e portion of the total Turkish population living in this region is 4.6 %. Almost 51% 
of the region�s population is rural, while almost 49% of it lives in cities. Population density 
for this region (89 persons/km2) is almost the same as the national average (88 persons/
km2) (Anonymous, 2007c). Employment in the agricultural sector in this region is 63.3% 
of total employment, a rate second to that of the North Eastern Anatolia Region, which 
has the greatest (Anonymous, 2007c).

Cultivated areas constitute 20.9% of the total area of the region, below the country 
average.. When the cultivated areas of the region are classi�ed according to their 
agriculture potentials, 13% are �rst-degree agriculture areas, while 9.5% is second 
degree, and 77.5% is third degree. �e topography of the region is varied: 1% is plains, 
0.6% of the land has a slight inclination, 2.1% has medium, 6.4% has steep, 20.6% has 
very steep, and 69.3% has precipitous slopes or cli�s. While Gümü�hane is the province 
having the greatest percentage (75%) of plains in the region, Trabzon province has the 
least (2.8%) (Anonymous, 2007c).

�e region�s agricultural enterprises are small and scattered. �ose with fewer than 
20 decares amount to 61.8% of the total. Field crops are not proportionally important 
with respect to total agricultural acreage in the region, but of the total �eld-crop acreage, 
fodder beet accounts for 30%, mixed crops (Mahlut) 20%, corn 12%, and potatoes 11% 
(Anonymous, 2007c). Only 37,960 ha of wheat is planted in the region (0.47% of Turkey�s 
total wheat planting area) and the average yield is 1,217 kg/ha (TSI, 2012)

3.2.3. Eastern Anatolia Region

�e Eastern Anatolia Region (Figure 3.4) was investigated as two subregions, North 
Eastern and Middle Eastern.

3.2.3.1. North Eastern Anatolia Region

�e North Eastern Anatolia Region involves the following provinces: Erzurum, 
Erzincan, Bayburt, A�r�, Kars, I�d�r, and Ardahan. �e area of the region is 79,078 km2, 
10%  of Turkey�s total area. Elevations range from the Dilucu plain at 805 m to Mount 
A�r�� (Mount Ararat) at 5,137 m (Anonymous, 2007d).

�e region has a continental climate with cold and snowy winters; summers are cool 
at high elevations and hot and dry in lower elevations. Annual mean temperature is 7.2°C 
with an annual maximum of 37.3°C and minimum of -31.6°C. Average relative humidity 
is 66.2% and annual average precipitation is 460.9 mm (Anonymous, 2007d).
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Population density for this region (34 persons/km2) is less than half that of the national 
average (88 persons/km2). �e rural population is 1,217,864 (48.6% of the region�s total), 
while 1,289,874 (51.4%) of them live in city centers (Anonymous, 2007d).

While agricultural employment involves the largest portion of the region�s rural 
population, agricultural production value for the rural population (960 TRY/person) is 
well below the country average for the rural population (1,124 TRY/person). Agricultural 
production in this region amounts to 4.4% of Turkey�s total agricultural production. 
�e provinces of Ardahan and Erzincan rank �rst in the region in terms of agricultural 
production value per rural population, while Bayburt ranks last (Anonymous, 2007d).

In the region, there are 241,685 ha classi�ed as �rst-class agricultural land. �ese lands 
include the most important and fertile plains of Erzurum, Kars, I�d�r, A�r�, and Erzincan. 
�e region has 1,878,416 ha classi�ed as second, third, or fourth class agricultural lands. 
As a proportion of the entire Turkish land area suitable for processing agriculture, 8% 
is in this region, while 8.2% of land not suitable for processing is in this same region 
(Anonymous, 2007d).

Total irrigable area in the region is 1,141,241 ha and 59.8% of this is already under 
irrigation. A�r� province has the most land under irrigation, followed by Erzurum and 
Erzincan (Anonymous, 2007d).

In terms of share of �eld crops in the region, grains rank �rst with 81.4%, forage crops 
rank second with 12.8%, legumes, tuber plants, and oil seeds together rank next with 
3.3%, and �nally industrial crops follow with 2.5%. Altogether �eld crop production in the 
region accounts for 5.8% of Turkey�s �eld crop production. Wheat has the biggest share 
among the grain products produced in the region. Of the important �eld crops grown in 
the region, they rank in this order: wheat, barley, sugar beet, potatoes, beans, sun�ower, 
garbanzo, and onion. �e ranking is slightly di�erent when production is expressed as 

Figure 3.4 Map of the Eastern Anatolia Region showing the 14 included provinces 
(modi�ed from Anonymous, 2012d)
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proportion of the country�s total production for that crop: wheat (5.7%), barley (8.5%), 
sugar beet (8.3%), potatoes (6.1%), beans (6.8%), sun�ower (0.8%), garbanzo (0.4%), and 
onion (1.1%) (Anonymous, 2007d). Average wheat yield is 1,659 kg/ha (TSI, 2012)

3.2.3.2. Middle Eastern Anatolia Region

�e Middle Eastern Anatolia Region is comprised of the provinces of Malatya, Van, 
Elaz��, Bingöl, Bitlis, Mu�, Hakkari, and Tunceli. �e area of the region is 78,110 km2, 9.9%  
of Turkey�s total area. �e elevation in the region ranges from 900 m to 4,049 m (Mount 
Süphan) (Anonymous, 2007e).

�e region has a typical continental climate, with hot and dry summers and cold and 
harsh winters. �e annual mean temperature is 11.3°C with a maximum of 23.1°C and 
minimum of -0.4°C. Average relative humidity is 58.7% and average annual precipitation is 
718 mm (Anonymous, 2007e).

�e average population density is 48 people per km2 in contrast to the national density 
of 88 people per km2. Of the region�s population, 1,746,656 people (46.5%) are rural while 
2,007,378 (53.5%) live in city centers (Anonymous, 2007e).

�e average rural agricultural production value per person 1,124 TRY overall in Turkey, 
while in the region, it is less: 828 TRY. �e region�s total agricultural production accounts 
for 5.3% of the nation�s total. �e provinces of Tunceli and Elaz�� rank �rst in terms of rural 
agricultural production value per person, while Hakkari ranks last (Anonymous, 2007e).

Of the region�s total surface area, 22.4% is under cultivation, a rate lower than the country�s 
average. Meadows and pasture lands constitute 52.5% of the region�s area, which is above the 
national average. �ere are 223,921 ha in the region classi�ed as �rst-class agricultural lands. 
�ese include the most important and fertile plains such as those of Malatya, Mu�, Malazgirt, 
and Tohma. �e region has 1,851,246 ha classi�ed for second, third, or fourth class capacity. 
Of the total area suitable for agriculture in Turkey, 7.9% is in this region. In contrast, 11.5% 
of the nation�s area not suitable for processing is also in this region (Anonymous, 2007e).

In this region, 1,762,378 ha, 61.8% is irrigable, but only 53.3% of this is actually irrigated. 
�e province with the most irrigated area is Malatya, followed by provinces of Elaz�� and 
Van (Anonymous, 2007e). �e average wheat yield of this region is 1,606 kg/ha (TSI, 2012)

3.2.4. Marmara Region

�e Marmara Region (Figure 3.5) was investigated as two subregions, Western and 
Eastern.

3.2.4.1. Western Marmara Region

�is subregion includes the provinces of Balikesir, ˙anakkale, Tekirda�, Edirne, and 
K�rklareli. It is surrounded by the Aegean Sea in the west, Bulgaria in the north, the Black 
Sea, Bursa, and Istanbul in the east, and Manisa and Kütahya in the south.
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�e surface area of the region is 43,409 km2, 5.5% of Turkey�s total area. Elevation 
ranges from sea level to 1,774 m (Karata� Hill in the Kazda�). �e coastlines of the region 
are the west coast of the Aegean Sea starting from the Gulf of Edremit in Ayval�k to the Gulf 
of Saros, on the northeast, the coast of the Black Sea extending from ��neada to K�y�köy, 
as well as the north side of Marmara Sea starting from Marmara Ere�li to ˙anakkale 
(Dardanelles).

˙anakkale province has a Mediterranean climate, but the average temperature in 
the northern part of the province in winter is very low. Because of north winds and low 
temperatures through the Balkans and the absence of a natural obstacle between the 
Balkans and this province, there are winds year round. �e dominant wind direction is 
north, but northeast and southwest winds also occur. Precipitation is mostly in the form 
of rain with total annual rainfall of 636.3 mm.

Balikesir province and the surrounding areas remain under the in�uence of northern 
air masses. Cool, warm, and hot air masses which are e�ective in the summer around 
Balikesir do not bring much rainfall; which increases towards the heights and to the north. 
�e total annual precipitation in this province is 522.3 mm.

According to 2000 population data, 4.3% of Turkey�s total population (2,895,980 
million people), live in this region. While 55.5% of the region�s population lives in the city, 
44.5% is rural. �e regional population density is much less than that of Turkey overall. In 
the 1990 to 2000 decade, the rate of rural population growth across the country was 21.7%, 
and the rate of urban population growth 18.3%, while in the region, the rural and urban 
growth rates were 24.8% and 11.2%, respectively. According to the 2000 census, 3.6% of 
the country�s total urban population and 5.4% of the country�s total rural population were 
living in this region.

According to the 2001 Census of Agriculture, the region has a high proportion of 
cultivated land area (55.2% of total land). Only a total of 25,851 ha of land lie fallow out 

Figure 3.5 Map of the Marmara Region showing the 14 included provinces 
(modifed from Anonymous, 2012e)
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of the total cultivated area (1,201,244 ha). Production of �eld vegetables and ornamental 
plants takes place on 306,457 ha (5% of the region�s total cultivated area) and half of that 
is in Bal�kesir province. Fruit production takes place on about 306,457 ha (6.3% of the 
region�s total cultivated area).

Bal�kesir province ranks �rst with 2,024 million TRY of agricultural production and 
the province of Tekirdag is last with 1,472 million TRY. �e total value of agricultural 
production in the region is greater than the national average in Turkey.

Agricultural areas of the Western Marmara region represent 44% of the region�s total 
area, while the national average is 10% higher. While the region has only 26% of the 
country�s forest and heath area, it is one of the wealthiest parts of the country with 38% 
of the population above the national wealth average. In the region, 7% of its area is non-
agricultural, while in Turkey, that proportion is 13%.

In Turkey as a whole, 32% of of its area is agricultural land, while, 54% of the land in 
this region is irrigable. �is is possible because of the �at or nearly �at topography of the 
region and the ready access to irrigation water. While 18% of Turkey�s agricultural area 
is irrigable, only 16% of the region�s agricultural lands can be watered. Of the existing 
irrigated agricultural areas in Turkey, 12% is in this region.

Of the agricultural enterprises in the region, nearly 41% are in the size range of 2.0 to 
4.9 ha. Enterprises with 5.0 to 9.9 ha represent about one-third of the total agricultural 
enterprises. Nearly 89% of enterprises are smaller than 10.0 ha. �e number of livestock 
enterprises are less than 2% of the total. �e most prominent agricultural products in the 
area are wheat, sun�ower, rice, bean, rape, and garlic, in that order.

3.2.4.2. Eastern Marmara Region

�is subregion includes the provinces of Istanbul, Bilicek, Bursa, Eski�ehir, Kocaeli, 
Sakarya, Düzce, Bolu, and Yalova. �e surface area of the region is 54,683 km2, 7% of 
Turkey�s total area. �e elevation of the region ranges from sea level to 2,543 m (Uluda�/
Grand Mountain). �e region is bounded in the north by the coast of the Black Sea and 
in the south by the Uluda�, Emirda�, Seben, and Ard�ç (Juniper) Mountains. �e western 
part of the region extends from the eastern part of the Karacabey and Kemal Pa�a plains 
extending to the east Megri, Mengen, and Gerede plains.

In the part of the region near the Sea of Marmara, a semi-Mediterranean climate 
prevails, while a continental climate prevails in Bilecik and in the southern parts of 
Bursa and Eski�ehir provinces. In the area with continental climate, the average mean 
temperature is 10.6°C, and in the regions with the semi-Mediterranean climate the average 
mean temperature is 15°C. Average rainfall decreases from the coast into the interior. 
Although summers are typically dry in this region, in the province of Sakarya, located 
between the Black Sea and Marmara Sea and separated from the rest of the region by high 
mountains, it is rainy in summers.

�e Eastern Marmara Region holds 8.9% of Turkey�s total urban population and 7.6% of 
Turkey�s total rural population. �irty-seven percent of the region constitutes agricultural 
lands, while only 3.8% of Turkey�s overall land area is agricultural land. Pasture areas make 
up only 4% of the region, which is below the average for the nation as a whole. Forest and 
heath areas make up 41% of the region�s lands.
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Figure 3.6 Map of the Aegean Region showing the eight included provinces (Anonymous, 2012f)

�e Eastern Marmara agricultural lands (about 563,934 ha) account for 6% of the 
total agricultural lands in Turkey. �is land constitutes �eld crop areas (5.5%), vegetable 
gardens (10%), fruit production areas (9.7%), and fallow �elds (5.5%). �e Eski�ehir 
province has the greatest amount of agricultural area, while Yalova province has the 
least. About two-thirds of region�s agricultural area is cultivated and planted. �e total 
area which could be economically irrigated is 812,104 ha., but only 50% of it is irrigated 
at this time. Bursa province has the greatest amount of irrigated agricultural land, while 
Yalova province has the least.

In the region, the majority of the agricultural enterprises (162,651 units) are on small 
holdings less than 5.0 ha each, amounting to a total land area of 353,669 ha. �e average area 
of these units is 21.7 ha. Overall in the region, however, the average size of farms 5.1 ha.

3.2.5. Aegean Region

�e Aegean Region includes �zmir, Aydin, Denizli, Mu�la, Manisa, Afyon, Kütahya, 
and U�ak provinces (Figure 3.6). It is surrounded by the Aegean Sea in the west; Balikesir, 
Bursa, and Bilecik provinces in the north; Eski�ehir, Konya, and Isparta provinces in the 
east; and Burdur and Antalya provinces in the south. �e region�s land area is 89,997 km2, 
11.5%  of Turkey�s total area. �e elevation of the region ranges from the sea level to 2,528 
m (Honaz Mountains). �e region has Aegean and Mediterranean coastlines starting at 
the Bal�kesir-�zmir border along the �zmir, Aydin, and Mu�la provinces to the Antalya-
Mu�la border.

In the parts of the region along the Aegean Sea, a typical Mediterranean climate prevails, 
with an average mean temperature of 17°C, while inland the climate becomes progressively 
more continental, with an average mean temperature of 12.8°C. �e mean temperature 
overall is 15.6°C, average rainfall is 672.98 mm, and average relative humidity is 62.4%.
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Compared to Turkey overall, the region accounts for 12.3% of agricultural lands, 
17.8% of forest areas, 8.7% of non-agricultural areas, and 4.5% of meadow pasturelands. 
�e region�s agricultural lands amount to 35.4% of its total land area, which is greater than 
the average for Turkey (18.6%). �e region�s proportion of meadow and pasture lands is 
7.2%, strikingly lower than the national average (33.2%). Forest and heath land areas in 
the region are the richest areas of Turkey. Mu�la province has the highest portion of forest 
and shrub land (22.4%) in the region, while Afyon province has the least (5.6%).

In the region, 11.6% of agricultural land is sown to �eld crops, 19.3% is in vegetable 
gardens, 24.6% percent is orchard, and 7.2% is fallow �eld. �e total economically irrigable 
area is 1,946,444 ha but only 56.8% percent of that is actually irrigated.

�e 2001 Census of Agricultural Enterprises (household) survey concluded that 67.4% 
of the total 3,075,516 agricultural enterprise units both produce crops and breed animals, 
30.22% produce only crops, and 2.4% perform only animal husbandry. �e majority of 
the agricultural units (318,390) have holdings of less than 5.0 ha, amounting to 2,520,996 
ha in total. �e average holding size of units with less than 5.0 ha is 1.96 ha. Overall in the 
region, the average farm size is 4.4 ha compared to the national average farm size of 6.1 ha.

3.2.6. Central Anatolia Region

�e Central Anatolia Region (Figure 3.7.) was investigated as two subregions, Western 
and Middle Eastern.

3.2.6.1 Western Central Anatolia Region

�is subregion includes Ankara, Konya, and Karaman provinces. It is bordered by Bolu 
and ˙ank�r� provinces in the north, Antalya and Mersinprovinces in the south, K�r�kkale, 
K�r�ehir, Aksaray, and Nigde provinces in the east, and Isparta, Afyon, and Eski�ehir 
provinces in the west. Surface area of the region is 76,793 km†, 9.8% of Turkey�s total area.

Individually for the three provinces, Ankara has a surface area of 25,706 km†, with 
an average elevation of 890 m; Konya has a surface area of 41,694 km†, with an average 
elevation of 1,016 m; and Karaman has a surface area of 9,393 km†, with an average 
elevation of 1,033 m.

A continental climate prevails throughout the region, with the exception of the 
northern part of Ankara province and its Black Sea climate and the southern part of Konya 
and Karaman provinces with a Mediterranean climate. In the area with a continental 
climate, the annual mean temperature is 11.6°C. Overall in the region, the annual mean 
temperature varies from -28.2°C to 40.8°C. Average rainfall 351.5 mm and average relative 
humidity is 60.3%.

�is region has 15.3% of Turkey�s agricultural lands, 6.8% of its grassland areas, 4.6% 
of forest areas, and 16.9% of non-agricultural areas. Agricultural lands account for 55.8% 
of the region�s total surface area, which is much higher than the corresponding average 
for the whole of Turkey (36.0%). �is distribution suggests a signi�cant potential of 
agriculture for the region. Its forest and heath land areas account for 13.9% of the region, 
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with grassland and pasture accounting for 18.9%; both proportions are lower than the 
corresponding rates in Turkey overall. �e total area for which it would be economical to 
irrigate is 2,002,497 ha, but only 28.8% percent of that is actually irrigated.

�e majority of agricultural enterprises operate on units of only 40.4 to 80.5 ha. �e 
number of such units is 43,497 and the total amount of land owned by these enterprises is 
611,439 ha. �e average land size per farm overall in the region is 13.1 ha. Categorized by 
type of production, 60.6% of agricultural enterprises in the region conduct both crop and 
livestock production together, 36.6% are in crop production only and 2.6% are in livestock 
production only.

3.2.6.2. Middle Eastern Central Anatolia Region

�is subregion includes Kayseri, Yozgat, Sivas, K�r�ehir, Nev�ehir, K�r�kkale, Aksaray, 
and Ni�de provinces. To the west, the region is bordered by Ankara and Konya provinces; 
to the north ˙ank�r�, ˙orum, Tokat, Ordu, and Giresun provinces; to the east Erzincan 
and Malatya provinces; and to the south Kahramanmara�, Adana, and Mersin provinces. 
�e surface area of the region is 91,573 km2, 11.7% of Turkey�s total area. �e elevation 
ranges from 650 to 3,917 m (Mount Erciyes).

In the typical continental climate that prevails in the region, it is hot and dry in summers 
and cold and harsh in winters. �e annual mean temperature is 11.5°C. �e annual average 
rainfall is 374.9 mm, with a range from 343.8 to 438 mm. �e rural population (1,822,776 
people) is 43.5% of the total, while 56.4% (2,363,664) live in city centers.

Of the total surface area of the region, 49.2% is agricultural land in contrast to the 
national average of 34.4%; 36.6% is grasslands, while the national average is 18.6%; and 
9.6% is orchards, much less than the national average. Non-agricultural lands amount to 

Figure 3.7 Map of the Central Anatolia Region showing the 11 included provinces 
(modi�ed from Anonymous, 2012g)
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7.2% of the region�s total area, while the national average is 21.7%. Wheat is cultivated on 
73% of the region�s agricultural land.

Of the 2,280,502 ha of the region�s land which could be economically irrigated, 77.3% 
is not irrigated. �e greatest acreage of irrigated land is in Sivas province followed, in 
decreasing order, by Yozgat, Ni�de, and Nev�ehir provinces.

According to the result of the 2001 General Agriculture Census Agricultural Enterprises 
(household) Survey, out of a total of 3,076,650 agricultural enterprises, 67.4% is engaged in 
both crop growing and livestock raising, 30.2% in crop growing only, and 2.3% in livestock 
raising only. Of these enterprises, 40% take place on units in the size range of 0.1 to 4.9 
ha, while the average unit size is 2.6 ha. Of all agricultural enterprises in the region, the 
average size is 10.0 ha, which is greater than the average for Turkey in general.

3.2.7. Mediterranean Region

�e Mediterranean Region includes the provinces of Antalya, Isparta, Burdur, Adana, 
Mersin, Kahramanmara�, Hatay, and Osmaniye (Figure 3.8). In the west, the region is 
bordered by Mu�la and Denizli provinces; to the north are Afyon, Konya, Karaman, 
Ni�de, Kayseri, and Sivas provinces; in the east are Malatya, Ad�yaman, Gaziantep, and 
Kilis provinces; in the south are the Mediterranean Sea and a portion of Syria. �e surface 
area of the region is 89,838 km2, 11.5% of Turkey�s total area. �e elevation range is from 
sea level to 3,756 m (Alada�).

�e region has a typical Mediterranean climate in the coastal areas (annual mean 
temperature of 18.5°C, with a typical continental climate in the higher elevations (average 
mean temperature of 13.1°C). �e annual average rainfall ranges from 450 to 750 mm in 
the western �ve provinces and from 570 to 1,160 mm in the eastern three provinces.

Figure 3.8 Map of the Mediterranean Region showing the eight included provinces 
(modi�ed from Anonymous, 2012h)
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�e Mediterranean Region has 9.9% (2,594,764 ha) of the country�s total agricultural 
area. Of this acreage, 10.7% is farming land, 20.0% is in vegetable gardens, 12.2% is in 
orchards, and 3.1% is fallowed land. Adana province has the greatest acreage of cultivated 
land, while Osmaniye province has the least. Antalya province has the largest acreage of 
fallowed land, with Osmaniye having the least. Lands that could be economically irrigated 
amount to 1,951,477 ha, but 39.8% (777,104 ha) is not being irrigated.

Two-thirds of all agricultural enterprises are in the 2.0 to 4.9 ha size range. Overall, 
approximately 96% of all enterprises are units of less than 10.0 ha. Units devoted to ranching 
account for less than 2% of all agricultural enterprises and all of them are less than 0.5 ha.

3.3. Materials and Methods

To evaluate the landrace characteristics and production practices of the research area, 
data were collected by means of questionnaires distributed to 1,873 households selected 
from 523 villages in 172 districts selected from the 65 provinces in the years 2009 to 
2014. �e selection of provinces and districts was made based on the extent of the Mirza 
Gökgöl study (1939). Previous studies had been carried out in di�erent regions by the 
�Purposive Sampling Method� (Ral, 1968). �e assistance of provincial Directorates of 
Food, Agriculture and Livestock were utilized to select the survey areas in the chosen 
provinces. In the meantime, interviews were conducted by agricultural experts working in 
di�erent institutes, universities, NGOs, and government agencies with the aim of clearly 
de�ning the areas where we would visit.

�e �rst stage of the study was to collect spikes of wheat landraces from the �eld, so we 
attempted to visit farmers before wheat harvest time. Sometimes we accepted seed when we 
arrived a�er harvest time because of time limitations and geographical conditions. Before 
the visits, we identi�ed wheat landrace production �elds based on the earlier study of 
Tan et al. (2013). We followed Aegean National Gene Bank collection guidelines for spike 
collection. We prepared paper bags and tags showing province, district, village, and local 
name of wheat landraces and site geocoordinates. In 2012, 2013, and 2014, geocoordinates 
were obtained with a Magellan GPS device and transfered to the map of Turkey produced 
by the Magellan Company (Vantage Point). In 2009, 2010, and 2011, geocoordinates were 
obtained by reference to those of the nearest local villages and then they were plotted onto 
the Turkish map. �e study areas targeted by year are shown in Figure 3.9.

�e second stage was the use of the questionnaire to get agronomic data from the 
farmers. We also evaluated wheat landrace production �elds with an evaluation form to 
understand the general condition of wheat landraces for the speci�c production season at 
which spikes were collected.

In the study, a Geographical Information System was used for mapping. Longitudes 
and latitudes of districts were obtained for every data point. Village and farmer-level 
coordinates were ignored to provide uniformity among years. To consolidate coordinate 
information at the district level, all coordinates within the district were arithmetically 
averaged to provide a single �district� coordinate. Data were presented in four ways.

�e �rst consists of 10 maps with the distribution by province of the 10 most commonly 
grown wheat landraces according to their local names (Figure 3.10).

�e second presents the distribution of bread wheat, durum wheat, and feed wheat (T. 
monococcum), based at the district level (Figure 3.11). If the production area of one of these 
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Figure 3.9 Wheat landrace survey areas by province and year
(Source: Ministry of Food, Agriculture and Livestock, Turkey)

2009

2010

2011
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Figure 3.9 (Cont.) Wheat landrace survey areas by province and year
(Source: Ministry of Food, Agriculture and Livestock, Turkey)

2012/1

2012/2

2009 - 2012
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Figure 3.9 (Cont.) Wheat landrace survey areas by province and year
(Source: Ministry of Food, Agriculture and Livestock, Turkey)

2013

2014

Last situation (2009-2014)
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In total, 65 provinces, 172 districts, and 523 villages were included in the research 
areas from which the survey was completed. We found that local wheat landraces are 
predomintly grown in areas of high elevation and remote from main production centers. 
It has become impossible to �nd these landraces in the plains areas and close to the main 
wheat production centers where, in general, wheat landraces have been replaced by more 
productive and marketable improved wheat varieties.

As a result of the survey, 162 local wheat landraces� names were identi�ed (Table 
3.1). Two problems arise when using local landrace names: a single landrace could have 
di�erent local names in di�erent production areas and a given landrace name could 
refer to di�erent landraces in di�erent areas. To assess the extent of this problem, the 
collected landraces were all planted in four di�erent places (Konya, Eski�ehir, Ankara, and 
Erzurum provinces) for every year. In Table 3.1, the named wheat landraces are ordered 
by frequency of production, from the highest to the lowest and the 10 most common 
landraces are highlighted:

�e percentage of farmers growing each landrace is not enough information to show 
the dominance of any single landrace in an area. �erefore the percentage of farmers 
growing each landrace was associated with the percentage of land allocated to it. �e 
data in Figure 3.14 show the distribution of wheat landraces among the farms within the 
study region. With this analysis, the Zerun landrace dominates at the country level as 
calculated as percentage of wheat landrace production areas. Overall, on the basis of these 
two criteria, there is a new order of 11 wheat landraces (eight of them are illustrated in 
Photos 3.1 through 3.8 at the end of this chapter):

1.	 Zerun
2.	 Ak Bu�day
3.	 K�rm�z� Bu�day
4.	 Sar� Bu�day
5.	 Karak�lç�k
6.	 K�rik

7.	 Siyez Bu�day�
8.	 Koca Bu�day
9.	 Topba�
10.	 �ahman
11.	 Üveyik Bu�day�

Wheat landraces were categorized as �bread wheat�, �durum wheat�, and �feed wheat or 
other� based on both farmers� characterizations from the survey and on our evaluation 
of the collected spikes (Figure 3.11). �e proportion of types by region is shown in Table 
3.2. �e North Eastern Anatolia Region had the highest proportion of bread-wheat type 
landraces; the Southeastern Anatolia Region had the highest proportion of durum-wheat 
type landraces, the Western Black Sea Region had the highest proportion of feed-wheat 
type landraces, but also the most uniform production of all three wheat types of landraces.

Based on preferences identi�ed by farmers, production was either �Only wheat 
landraces� or �Both wheat landraces and commercial varieties� (Figure 3.12). �is 
distribution also provides an indication of the extent of genetic erosion of wheat landraces. 
As de�ned by Maxted and Guarino (2006): �Genetic erosion is the permanent reduction 
in richness (or evenness) of common local alleles, or the loss of combinations of alleles 
over time in a de�ned area.� �e Food and Agriculture Organization of the United Nations 
(FAO) described genetic erosion as �the loss of genetic diversity as a result of social, 
economic and agricultural changes� (FAO 1996). �e International Plant Genetic Resources 
Institute (IPGRI) de�ned genetic erosion as �loss of genetic diversity between and within 
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Table 3.1 Local names of collected wheat landraces and their frequency ranked from highest to lowest
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1 AK BU�DAY C/D 140 7.47 7.47 49 AMER�KAN BEYAZ C 9 0.48 81.95

2 SARI BU�DAY D/C 116 6.19 13.67 50 KIL˙IKSIZ BU�DAY C 9 0.48 82.43

3 KIRMIZI BU�DAY C/D 114 6.09 19.75 51 POLATLI C 9 0.48 82.92

4 KARAKIL˙IK D/C 89 4.75 24.51 52 �ERGUN C 9 0.48 83.40

5 ZERUN C 74 3.95 28.46 53 MENCEK� D 8 0.43 83.82

6 KIR�K C 61 3.26 31.71 54 OHLEMAZ D 8 0.43 84.25

7 KOCA BU�DAY D/C 59 3.15 34.86 55 AL�BAYIR D/C 7 0.37 84.62

8 S�YEZ BU�DAYI O 56 2.99 37.85 56 GACER BU�DAYI O 7 0.37 85.00

9 TOPBA� C 48 2.56 40.42 57 GÜLÜMBÜR C 7 0.37 85.37

10 ÜVEY�K BU�DAY D 46 2.46 42.87 58 HAVRAN� D/C 7 0.37 85.74

11 GÖDERED� C 45 2.40 45.27 59 KAFKAS KIRMIZISI C 7 0.37 86.12

12 YEREL POPULASYON C/D 45 2.40 47.68 60 KIL˙IKLI KIR�K C 7 0.37 86.49

13 �AHMAN D 43 2.30 49.97 61 KIRMIZI PAZARCIK C 7 0.37 86.87

14 ˙ALIBASAN D/C 42 2.24 52.22 62 AK D�MEN�T C 6 0.32 87.19

15 A� BU�DAYI C 29 1.55 53.76 63 BEJRES D/C 6 0.32 87.51

16 KAM˙I C 29 1.55 55.31 64 BOZBU�DAY C/D 6 0.32 87.83

17 SARI BURSA D 29 1.55 56.86 65 DI�RAK D/C 6 0.32 88.15

18 A�UREL�K BU�DAY C 25 1.33 58.20 66 GEVRO D/C 6 0.32 88.47

19 YAZLIK BU�DAY C/D 23 1.23 59.42 67 HAKKI BU�DAYI D/C 6 0.32 88.79

20 SORGÜL D 22 1.17 60.60 68 KATIKLI C 6 0.32 89.11

21 KABAK BU�DAYI C 20 1.07 61.67 69 KÖY BU�DAYI C 6 0.32 89.43

22 SARI KELLE D 20 1.07 62.73 70 SÜNTER C 6 0.32 89.75

23 GÖ�ALA D 18 0.96 63.69 71 101 C 5 0.27 90.02

24 SERT BU�DAY D 18 0.96 64.66 72 GERN�K O 5 0.27 90.28

25 ˙AM BU�DAYI C 17 0.91 65.56 73 RUS BU�DAYI C/D 5 0.27 90.55

26 KUNDURU D 17 0.91 66.47 74 SOR�K D 5 0.27 90.82

27 ALBOSTAN C 16 0.85 67.33 75 YUSUF� D/C 5 0.27 91.08

28 ERZURUM YAZLI�I C 16 0.85 68.18 76 AMER�KAN KIRMIZI C 4 0.21 91.30

29 S�VEREK D/C 16 0.85 69.03 77 KARA BU�DAY C 4 0.21 91.51

30 BA�ACAK D 15 0.80 69.83 78 KAVLICA O 4 0.21 91.72

31 BAHAR�YE C 15 0.80 70.64 79 KILCIKLI BUGDAY D/C 4 0.21 91.94

32 ˙�RPUZ C 15 0.80 71.44 80 KIRA˙ 66 C 4 0.21 92.15

33 SOFU BU�DAYI D 15 0.80 72.24 81 KOCABA� BU�DAY D 4 0.21 92.37

34 GÖLE C 14 0.75 72.98 82 MAHSUL O 4 0.21 92.58

35 AKBA�AK D/C 13 0.69 73.68 83 MEMEL� C 4 0.21 92.79

36 CONKESME C 13 0.69 74.37 84 ÖRMECE C 4 0.21 93.01

37 IZA BU�DAYI O 13 0.69 75.07 85 SARI SEREZ D 4 0.21 93.22

38 KÖSE BU�DAYI C 13 0.69 75.76 86 URUMEL� C 4 0.21 93.43

39 KELK�T BU�DAYI C 12 0.64 76.40 87 ZEN�T D 4 0.21 93.65

40 MENGEN BU�DAYI C 12 0.64 77.04 88 ZINEBE C 4 0.21 93.86

41 YAYLA BU�DAYI C 12 0.64 77.68 89 A� SÜNTER� C 3 0.16 94.02

42 HACI AL� D 11 0.59 78.27 90 BEYAZ KIL˙IK C 3 0.16 94.18

43 ANKARA YAZLI�I C/D 10 0.53 78.80 91 ˙AKMAK D 3 0.16 94.34

44 ARI BU�DAY C/D 10 0.53 79.34 92 ˙OMAK C 3 0.16 94.50

45 B�NDANE C 10 0.53 79.87 93 ELB�STAN KERTMEN� C 3 0.16 94.66

46 DEVED��� C/D 10 0.53 80.41 94 GICIK BU�DAY C 3 0.16 94.82

47 KELBU�DAY C/D 10 0.53 80.94 95 HAMZABEY D 3 0.16 94.98

48 MEKS�KA C/D 10 0.53 81.47 96 HAVRAN BU�DAYI D 3 0.16 95.14
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Table 3.1 (Cont.) Local names of collected wheat landraces and their frequency ranked from highest to lowest
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97 KARI�IK BU�DAY C 3 0.16 95.30 130 ERMEN� BU�DAYI C 1 0.05 98.29

98 KAVAK C 3 0.16 95.46 131 GEVRE YUMU�AK C 1 0.05 98.34

99 KIZIL BU�DAY C 3 0.16 95.62 132 GOKCEKADIR C 1 0.05 98.40

100 SARI BA� BU�DAY D 3 0.16 95.78 133 GÜNEY D 1 0.05 98.45

101 SARI MENEMEN D 3 0.16 95.94 134 HARTLAK BU�DAYI C 1 0.05 98.51

102 YÖRÜK BU�DAY C 3 0.16 96.10 135 HAVRAN�YE C 1 0.05 98.56

103 AKOVA C 2 0.11 96.21 136 HEZERE C 1 0.05 98.61

104 AM�K BU�DAYI D 2 0.11 96.32 137 HINTA D 1 0.05 98.67

105 BOZBA� C 2 0.11 96.42 138 �R� TAHIL D 1 0.05 98.72

106 ˙ILP�Z C 2 0.11 96.53 139 �STASYON C 1 0.05 98.77

107 DA� BU�DAYI D 2 0.11 96.64 140 KAHYA BU�DAYI C 1 0.05 98.83

108 DIGE BUGDAYI C 2 0.11 96.74 141 KAPLICA BU�DAYI O 1 0.05 98.88

109 DÖL BU�DAYI C 2 0.11 96.85 142 KARA YAZLIK C 1 0.05 98.93

110 E�R� BU�DAY C 2 0.11 96.96 143 KARAKULAK C 1 0.05 98.99

111 KOBAK C 2 0.11 97.06 144 KARNIYARIK C 1 0.05 99.04

112 ORMANYARAN C 2 0.11 97.17 145 KIRKPINAR D 1 0.05 99.09

113 RUS ˙AVDARI C 2 0.11 97.28 146 KIRMIZI D�MEN�T C 1 0.05 99.15

114 TOKMAR D 2 0.11 97.38 147 KIRMIZI EVLEK C 1 0.05 99.20

115 YEM BU�DAYI O 2 0.11 97.49 148 KIRMIZI KAFKAS C 1 0.05 99.25

116 AK KIL˙IK D 1 0.05 97.54 149 KISA BU�DAY D 1 0.05 99.31

117 AK PAMUCAK C 1 0.05 97.60 150 KÜPEL� C 1 0.05 99.36

118 ANKARA KIR��� C 1 0.05 97.65 151 L�CAS C 1 0.05 99.41

119 BANKA BU�DAYI C 1 0.05 97.70 152 MAL BU�DAYI O 1 0.05 99.47

120 BAYIR D 1 0.05 97.76 153 MALATYA BEYAZI D 1 0.05 99.52

121 BOGV� D 1 0.05 97.81 154 MALATYA KIRMIZISI D 1 0.05 99.57

122 BÖ�RÜALA C 1 0.05 97.86 155 OVA BU�DAYI D 1 0.05 99.63

123 C�NGAN BU�DAYI C 1 0.05 97.92 156 RUMEL� D 1 0.05 99.68

124 CUMAKALES� C 1 0.05 97.97 157 RUTO C 1 0.05 99.73

125 CUMHUR�YET -75 C 1 0.05 98.02 158 SARI M�SL� D 1 0.05 99.79

126 ˙AKIRLI C 1 0.05 98.08 159 S�YORE D 1 0.05 99.84

127 ˙AVDAR BU�DAYI C 1 0.05 98.13 160 TA�HAN BU�DAYI C 1 0.05 99.89

128 ED�RNE BU�DAYI D 1 0.05 98.18 161 T�LK�KUYRU�U C 1 0.05 99.95

129 ELB�STAN YAZLI�I C 1 0.05 98.24 162 YUNAN BU�DAYI C 1 0.05 100.00

� � � � � � � Total � 1873 100.00 100.00

C:Common wheat, D:Durum wheat, O: Other wheat
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Table 3.2 Classi�cation of collected wheat landraces as bread wheat, durum wheat, or feed wheat 
types according to their spike morphology as a percentage of a region�s overall wheat production

Region
Wheat type

Total
Bread Durum Feed

Aegean Region 59.69 40.31 � 100.00

Middle Eastern Central Anatolia Region 72.40 27.60 � 100.00

Eastern Black Sea Region 96.39 3.61 � 100.00

Eastern Marmara Region 40.19 59.81 � 100.00

Mediterranean Region 47.04 52.96 � 100.00

Middle Eastern Anatolia Region 56.88 43.13 � 100.00

North Eastern Anatolia Region 97.97 0.81 1.22 100.00

Southeastern Anatolia Region 31.53 68.47 � 100.00

Western Central Anatolia Region 50.86 49.14 � 100.00

Western Black Sea Region 37.30 34.84 27.87 100.00

Western Marmara Region 70.59 29.41 � 100.00

Total 58.28 37.93 3.79 100.00

�2: 790.88      S.D.: 20      p value: 0.000      �: 0.650 
Statistically signi�cant at > 99% con�dence level

populations of the same species over time, or reduction of the genetic base of a species� 
(Jarvis et al., 2000). Because genetic diversity exists at various levels (ecosystem, species, 
gene and gene-complex), genetic erosion needs to be assessed at these levels. Information 
on the loss of varietal diversity at landscape (�eld plot), household, and community levels 
is regarded as a good indicator of genetic erosion at the social level. �is research showed 
that genetic erosion is a continuous process and many wheat landraces have been lost in 
Turkey. When we compare our �ndings with the collections of Mirza Gökgöl, Harlan, 
and Metzger, it can be seen that many wheat landraces reported by them are no longer 
grown. For instance, in Bal�kesir province, there were 37 wheat landraces having di�erent 
local names in Gökgöl�s collection, but we found only seven wheat landrace populations 
having di�erent local names in that province. While many factors trigger the reduction in 
landrace production, the comparison of our results to those of the past demonstrates that 
this erosion is a reality.

It is important to understand the factors a�ecting farmers� decisions to grow wheat 
landraces or modern wheat varieties to prevent genetic erosion of landraces. �e results of 
those decisions are shown in Figure 3.12 and Table 3.3.

Farmers� land-use decisons vary by regions. In general, the overall average of farmers 
growing only landraces is about 73.8%. �is means that a large proportion of farmers 
growing wheat landraces has played a role in landrace conservation. �ese farmers generally 
produce wheat landraces for their own needs, not for commercial aims. As Table 3.3 and 
Figure 3.12 show three eastern regions stand out for the conservation of landraces (North 
Eastern Anatolia (92.6%), Middle Eastern Anatolia (91.6%), and Eastern Black Sea (82.4%). 
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Table 3.3 Farmers� land-use decisions on wheat production (%)

Region
Production decision (% of farmers)

Total
Only landrace Both landrace 

and commercial

Aegean Region 72.97 27.03 100.00

Middle Eastern Central Anatolia Region 73.18 26.82 100.00

Eastern Black Sea Region 82.35 17.65 100.00

Eastern Marmara Region 54.84 45.16 100.00

Mediterranean Region 78.26 21.74 100.00

Middle Eastern Anatolia Region 91.61 8.39 100.00

North Eastern Anatolia Region 92.68 7.32 100.00

Southeastern Anatolia Region 73.66 26.34 100.00

Western Central Anatolia Region 88.57 11.43 100.00

Western Black Sea Region 36.36 63.64 100.00

Western Marmara Region 54.00 46.00 100.00

Total 73.83 26.17 100.00

�2: 290.86            S.D.: 10            p value: 0.000            �: 0.403 
Statistically signi�cant at > 99% con�dence level

In contrast, in the Western Black Sea Region the proportion of farmers who grow only 
landraces is below 50% (36.4%), signalling the possiblity of genetic erosion in that region.

Agriculture is the largest user of fresh water globally. Irrigation is an important element 
for agriculture, with irrigated crops yielding up to 400% more than rainfed crops. Irrigation 
availability reduces the risk of weather variability in production conditions. As food insecurity 
continues to grow and climate instability looms, the importance of irrigated agriculture is 
growing: by 2030, irrigated crop production is expected to grow by 80% in order to meet 
global demand (World Bank, 2010). Taking into account the negative e�ects of global 
climate change in the world, it is an unavoidable fact that we should give more importance 
to the plant species and varieties having more tolerance to drought in the future. Landraces 
represent an important source of genetic variation in wheat for environmental adaptation. 
One of the prime examples is the use of the Rht dwar�ng genes that became available through 
the Japanese wheat �Norin 10�, derived from landrace Shiro Daruma (Kihara, 1982). Two 
important genes, Rht1 and Rht2, were observed to directly e�ect yield because of conferring 
reduced lodging. Moreover, a considerable diversity in landraces was found for resistance to 
pests such as stem rust (caused by Puccinia graminis Pers. f. sp. tritici Eriks. & E. Henn.), leaf 
rust [P. recondita Roberge ex Desmaz. f. sp. tritici (Eriks. & E. Henn.) D.M. Henderson], or 
Russian wheat aphid (Diuraphis noxia Mordv.) (Skovmand and Rajaram, 1990; Skovmand 
et al., 1994), and for tolerance to abiotic stresses, like heat (Hede et al., 1999; Skovmand et 
al., 2001). Landraces will be important for crop adaptation to climatic change. Landraces 
are generally more adaptive to dry conditions and could also be produced under rainfed 
conditions. But extending irrigation capacities to more farmers could actually lead to genetic 
erosion, since farmers generally prefer modern and more pro�table varieties, instead of 
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Zerun

Siyez Bu�day�

Karak�lç�k

Figure 3.10 Distribution by province of the 10 most commonly grown wheat landraces (Zerun, Siyez 
Bu�day�, Karak�lç�k, K�rm�z� Bu�day, Sar� Bu�day, Ak Bu�day, Koca Bu�day, Topba�, K�rik, and �ahman)

(Source: Ministry of Food, Agriculture and Livestock, Turkey)
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K�rm�z� Bu�day

Sar� Bu�day

Ak Bu�day

Figure 3.10 (Cont.) Distribution by province of the 10 most commonly grown wheat landraces (Zerun, 
Siyez Bu�day�, Karak�lç�k, K�rm�z� Bu�day, Sar� Bu�day, Ak Bu�day, Koca Bu�day, Topba�, K�rik, and �ahman)

(Source: Ministry of Food, Agriculture and Livestock, Turkey)
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Koca Bu�day

Topbas

K�rik

Figure 3.10 (Cont.) Distribution by province of the 10 most commonly grown wheat landraces (Zerun, 
Siyez Bu�day�, Karak�lç�k, K�rm�z� Bu�day, Sar� Bu�day, Ak Bu�day, Koca Bu�day, Topba�, K�rik, and �ahman)

(Source: Ministry of Food, Agriculture and Livestock, Turkey)
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Sahman

Figure 3.10 (Cont.) Distribution by province of the 10 most commonly grown wheat landraces (Zerun, 
Siyez Bu�day�, Karak�lç�k, K�rm�z� Bu�day, Sar� Bu�day, Ak Bu�day, Koca Bu�day, Topba�, K�rik, and �ahman)

(Source: Ministry of Food, Agriculture and Livestock, Turkey)

landraces, when they can be grown. In general, the smaller the diversity of cultivated species, 
the greater the expenditure required on pesticides, fertilizers, irrigation, and so on (Perrings 
et al., 1995). Access by farmers to irrigation facilities is an important indicator a�ecting 
farmers� decisions whether to produce landraces or not. Kruzich and Meng (2006) indicated 

Table 3.4 Distribution by region of wheat landrace production according to irrigation status (%)

Region
Irrigation situation

Total
Irrigated Rainfed

Aegean Region 0.91 99.09 100.00

Middle Eastern Central Anatolia Region 5.00 95.00 100.00

Eastern Black Sea Region 1.30 98.70 100.00

Eastern Marmara Region 0.00 100.00 100.00

Mediterranean Region 6.32 93.68 100.00

Middle Eastern Anatolia Region 38.06 61.94 100.00

North Eastern Anatolia Region 39.02 60.98 100.00

Southeastern Anatolia Region 8.87 91.13 100.00

Western Central Anatolia Region 13.14 86.86 100.00

Western Black Sea Region 3.32 96.68 100.00

Western Marmara Region 0.00 100.00 100.00

Total 12.78 87.22 100.00

�2: 328.41            S.D.: 10            p value: 0.000            �: 0.424 
Statistically signi�cant at the 99% con�dence level
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