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ABSTRACT  

Productivity and sustainability of agricultural production activities are closely related to 

compliance of agricultural structure with transportation, irrigation, drainage, machinery and 

similar activities. Fragmented, scattered and irregular shaped plots prevent productive activities. 

Under such conditions, lands are not directly reached, the time spend on road increases, machine 

operations become difficult and there may be problems among neighboring facilities in access to 

irrigation water. Although 5403-numbered law largely prevented land fragmentation in Turkey, 

previous fragmentations, scatter and irregular plots already distorted agricultural structure. Land 

consolidation has great contributions to sustainability of agricultural productivity and facilitates 

in-field development services and land conservation activities. The irrigations without drainage 

facilities may raise water table and end up with soil salinization.  

In this study, effects of land consolidation and drainage projects implemented in 1993 in Konya-

Çumra-Türkmencamili on transportation, irrigation and soils were investigated. Land 

consolidation prevented split of plots along the route of surface drainage canal (open canal) and 

also eliminated any irregular plots. Land consolidation also eliminated the needs for 

expropriations for transportation, irrigation and drainage services; allowed all plots directly 

benefit from the road and transportation system, reduced number of plots and increased plot 

sizes. With the drainage project implemented over the research site, moderately and slightly 

saline lands were rehabilitated between the years 1993-2016 and reached to totally unsaline 

standards and all these barren lands were reopened for cultural practices. 
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1. INTRODUCTION 

Land consolidation provides several contributions to agricultural productivity and sustainability. 

It also has significant contributions to implementations and efficiencies of land reclamation and 

in-field development services. [1] and [2] stated that land consolidation facilitates soil and water 

resources planning, design of in-field transportation, irrigation and drainage networks, soil and 

water resources preservation activities, land reclamation and development services.  [3]  

indicated that land consolidation in Bafra Plain left bank irrigation scheme reduced the 

expropriation of about 115 decares land area required for the construction of irrigation and 

drainage canals. The area required for shared spaces are usually met by land consolidation and 

thus the area to be expropriated is also reduced by land consolidation. In this way, projects are 

implemented faster and more economically and legal problems are solved easily. [4] indicated 

that land consolidation and closed drainage system over 5.740 hectares in Konya KOS 6 site 

resulted in 11,7% appreciation as compared to general average. [5] indicated that land 

consolidation in Güllüce town of Erzincan province created about 37% increase in gross product 

of the enterprises. [6], [7] and [8] indicated decreasing work performance for the labor and 

machines with increasing distances from the facility centers. [9] indicated that 500 m extension 

in transportation distance of a land about 1000 m away from the facility center reduced net 

product of the facility at least by 5%. In another land consolidation project implemented in 

Hamidiye town of Karaman province, the distance to be travelled by 153-numbered facility with 

16 plots was reduced by 94.1%, the distance travelled by 184-numbered facility with 3 plots was 

reduced by 41.7% [10]. In previous land consolidation implementations of Turkey, about 45.3% 

saving was achieved in canal lengths in Manisa-Merkez-Tilkili land consolidation project, 27% 

saving was achieved in Konya-Çumra-Karkın land consolidation project, and 44.6% saving was 

achieved in total investments for 1554 hectares in Karaman. Number of plots directly benefiting 

from the irrigation scheme increased from 37.7% to 84.1% in Manisa-Merkez-Veziroğlu project, 

from 23% to 93% in Yeni Mahmudiye project, from 62% to 100% in Saruhanlı-Yılmaz project, 

from 20.3% to 85.5% in Tokat-Artova-Ekinli project and from 20.42% to 48.55% in Karaağaçlı 

land consolidation project [11]. While the ratio of regular rectangular or trapezoidal plots was 

62.2% in Karaman Bölükyazı, 79.3% in Hamidiye and 79.5% in Kılbasanda before the land 

consolidation, the ratios increased respectively to 81.4%, 91.9% and 87.7% after the land 

consolidation project. With land consolidation, there was 8545.00 m reduction in canalette 

lengths in Yuvatepe, such a decrease was 10297.00 m in Bölükyazı, 27700.00 m in Kılbasan, 

total reduction was 46542.00 m. Considering a width of 1.00 m for canalettes, total land saving 

was 8454.0 m² in Yuvatepe, 10297.0 m² in Bölükyazı,  46542,0 m² in Kılbasan and total saving 

was 65293,0 m². Again with the implementation of land consolidation projects, about 191793.0 

m² was saved from expropriations in Kılbasanda Suğla Main Canal, 354387.0 m² was saved in 

Suğla3-3A-3B Secondary canals and 225640.0 m² was saved in Yuvatepe Suğla Main and Suğla 
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4 Secondary Canals. In Karaman Gödet irrigation scheme serving to 1554.0 hectares, land 

consolidation provided significant savings in canalettes, art structures and expropriations and 

such savings was corresponding to about 13.5% investments made by Rural Affairs for roads and 

land leveling processes. Since village borders are also rearranged with land consolidation, the 

problems among the villages are also solved [12].  

In arid and semi-arid regions, irrigation schemes without drainage canals can easily raise water 

tables and increase or create a salinity problem [13] and [14]. According to [15] the soils with 

total dissolved salt content over 0.15% are classified as saline soils and the soils with 

exchangeable sodium percentage (ESP) over 15 and pH over 8.5 are classified as alkaline soils. 

[16], [17], [18] and [19]  indicated that increasing salt concentrations increase soil osmotic 

pressure and recess plant transpiration, respiration, water uptake and root growth, reduce number 

of flowers and yield levels.  

Arid lands constitute about 17% of 8,5 million irrigable lands of Turkey. Konya province has the 

greatest land area (120.594 hectare) with drainage problems. Konya is followed by Samsun 

(83331 ha), Sakarya (74177 ha), Antalya (62528 ha) and Bursa (51599 ha) [20]. Drainage 

problems are especially common in Karatay and Türkmencamili districts of Çumra, town of 

Konya province [21].  

In present study, the results of drainage problems and land consolidations surveyed in 1993 and 

implemented over DSI KOS-6 region between 1995-1997 by General Directorate of Konya 

Abrogated Rural Affairs and State Hydraulic Works (DSI) were assessed. Effects of land 

consolidation on in-field development services (IFDS) were investigated and agricultural 

structure before and after the land consolidation was also assessed. 

2. MATERIAL AND METHOD 

2.1 Research Site 

The present research site was constituted by the land consolidation (LC) sites consolidated 

within the scope of Konya Plain Irrigation Çumra II. Stage, II. Mains, IV. Seconder Irrigation 

(KOS 6. Section) and In-Field Development Services (IFDS) Project (total 5638 hectares) 

covering Konya Çumra, Türkmencamili, Türkmenkarahüyük,  Üçhüyük, Ürünlü and Taşağıl 

villages and the agricultural lands in Türkmencamili district over which drainage project was 

implemented.  

2.2 Geographical Location 
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KOS 6th Section is located at 37o55/ North latitudes and 32o47/ east longitudes, at west of 

Hotamış lake, at south of Konya city center and 60 km away from the center. Türkmencamili 

district over which the drainage project was implemented has a population of 800 people and 

located at 37º 30’ 54’’ North latitudes and 32º 54’ 35’’ east longitudes. Türkmencamili is 60.3 

km away from Konya and 12.8 away from Çumra. Türkmencamili, Türkmenkarahüyük, 

Üçhüyük, Ürünlü and Taşağıl villages are connected to Konya and Çumraya through asphalt 

roads. Location of the research site is presented in Figure 1 and pre-consolidation plot plan of 

KOS-6 site is presented in Figure 2.   

 

Figure 1: Location of the research site 
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Figure 2: Pre-consolidation plot plan of KOS-6 site 

2.3 Climate 

Terrestrial climate is dominant over the research site. Summers are hot and dry and winters are 

cold and precipitated. Precipitations are rain and snow depending on the season. According to 

1993 Project report of the Rural Affairs, annual average temperature is 11 0C. The greatest 

average temperature is 22,5 0C in July and the lowest average temperature is -1,7 0C in January. 

Annual average precipitation is 301,2 mm. Number of precipitated days is 61,1 days and number 

of snow-covered days is 21,9 days. Annual average total evaporation is 899,4 mm. Precipitations 

are usually observed in winter and spring. Climate characteristics of the region are provided in 

Table 1. Evaporation-precipitation relationships are presented in Figure 3.  
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Table 1: Climate characteristics of the region 

Months Temperature            

(0C) 

Precipitatio

n (mm) 

Number of 

precipitated 

days  

Evaporation      

(mm) 

Number of snow-

covered days 

January -1,7 36 7,4 - 8,9 

February 1,7 33,6 7,1 - 4,5 

March 6,0 33,2 7,3 - 1,9 

April 10,7 43,8 8,1 - 0,1 

May 15,5 38,6 7,4 106,4 - 

June 19,5 22,8 4,6 105,0 - 

July 22,5 2,4 0,9 176,7 - 

August 21,4 0,9 0,7 177,5 - 

September 17,4 6,7 0,8 135,0 - 

October 12,3 27,1 4,5 117,5 - 

November 5,7 19,9 4,3 81,0 0,9 

December 0,6 34,2 7,0 - 5,7 

TOTAL 131,6 301.2 61,1 899,4 21,9 
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Figure 3: Evaporation-precipitation relationships 

Considering the annual average precipitation of the region (301,2 mm) and cropping pattern of 

the region, it was thought that irrigation was essential in the region. The greatest evaporations are 

observed respectively in August and July. 

2.4 Method 

The contributions of land consolidation to if-field development services in KOS 6th section were 

assessed through the parameters specified by [22] and [10] by using the pre and post-

consolidation maps. Pre and post-consolidation property data were assessed to determine the 

number of plots owned by each facility and plot sizes to see the effects of land consolidation on 

these parameters. Pre and post-consolidation road, canalette and art structure maps and 

application projects were also assessed. Milimetric rulers were used in length measurements and 

number of plots directly benefiting from the roads and canals were counted from 1/5000 scale 

map. Maps and other documents were supplied from the project files of General Directorate of 

Abrogated Rural Affairs. Soil data before the drainage project were supplied from Planning Soil, 

Survey and Assessment reports for Konya-Çumra-Türkmencamili LC project approved on 

24.09.2013 by 2nd Regional Directorate of Abrogated-Rural Affairs. Consolidation ratio was 

calculated with the Equation 1.  

Consolidation Ratio (CR) = {1 − (
New number of plots (NNP)

Old number of plots (ONP)
)}𝑥100                 (1) 
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3. CONCLUSION 

3.1 Effects of Land Consolidation  

The greatest contribution of land consolidation to the project was the prevention of the split of 

plots along the route of drainage canals and elimination of expropriation requirements as stated 

by [3]. In land consolidation projects, about 10% of project site is allocated for shared uses. 

Expropriations were not performed for irrigation and drainage facilities, art structures (culverts, 

bridges, crosses) and field roads. For these facilities, 6.0% deduction was applied in 

Türkmencamili village, 7.0% in Taşağıl, 5.8% in Ürünlü and 6.3% in Üçhüyük village [23].      

Present findings comply with the data provided in [1], [2]  and [3]. Each plot was able to directly 

benefit from road and irrigation network. Land consolidation summary information (summary of 

KOS-6th section LC Implementation project) is provided in Table 2 and 3 and the new plot plan 

is presented in Figure 3.  

 

Fig. 4: KOS 6th Section LC Project New Plot Plan 
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Table 2: KOS-6th Section LC Project Summary. 

Number of 

plots 

Average plot 

size (ha) 

Length of 

transportation 

system 

    (m) 

Road per unit 

area  

(m/ha) 

Number of plots benefiting 

from transportation system 

(number/%) 

Old New Old New Old New Old New Old New 

2131 1360 2.64 4.14 119052 264126 21.11 46.84 1116/48 1360/100 

 

Table 3: KOS-6th Section LC Project Summary. 

 

Consolidation ratios were low in villages with low number of plots per facility before the land 

consolidation. Pre-LC number of plots per facility and consolidation ratios were respectively 

calculated as 2.7 and 43% in Türkmencamili, 2.4 and 37% in Taşağıl, 1.29 and 24% in 

Karahüyük. It is an expected that to have consolidation ratios complying with the pre-LC number 

of plots per facility. As it can be inferred from the tablet hat number of plots was reduced by 24-

43% and there were not any triangular plots left over the project area. While there was not any 

surface drainage before the land consolidation, 100% surface drainage was provided after land 

consolidation. Length of transportation systems increased from 119 km to 264 km, length of 

irrigation system increased from 18 km to 154.5 km. Drainage systems was established with land 

consolidation and total length of drainage system was 78.5 km. Road platform width together 

with surface drainages was 6+2 = 8.0 m, irrigation system width was 2.0 m, drainage system 

width was 2.0 m (slopes of 1:1 and depth of 5.0 m). About 1160000.0.0 m2 land area was saved 

Village 

Number 

of 

farmers 

Old 

number 

of plots  

New 

number 

of plots 

Number 

of 

facilities 

Consolidation 

ratio (%) 

Surface 

drainage (Pre-

LC) 

Surface 

drainage 

(Post-LC) 

Türkmencamili 332 620 353 233 43 0 100 

Karahüyük 510 479 366 370 24 0 100 

Üçhüyük 308 421 250 215 40 0 100 

Ürünlü 85 131 78 62 40 0 100 

Taşağıl 206 354 224 145 37 0 100 
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from expropriation in road system, 273000.0 m2 in irrigation system and 392000.0 m2 in 

drainage system (a total of 1826 decares were saved). Present findings comply with the data 

provided in [12]. Pre-LC plot sizes are provided in Table 4. 

Table 4: Pre-LC plot sizes. 

 

 

 

 

 

 

 

 

 

 

 

In KOS 6th section, 55.9% of the plots had a size lower than 20 decares in 5 villages. The ratio 

of plots smaller than 5 decares was 47% in Karahüyük and 2% in Taşağıl village. Number of 

plots per facility was 1.29 in Karahüyük, 1.37 in Ürünlü, 1.42 in Türkmencamili and Taşağıl and 

1.43 in Üçhüyük village.     

3.2 Effects of drainage. 

Soil samples were taken in 2016 from 5 locations of the project site which were classified as 

moderately saline and slightly saline before the LC and drainage project in 1993. With the 

drainage project implemented over the research site, moderately and slightly saline lands reached 

to unsaline levels specified at [15] between 1993-2016. The lands which were not able to be used 

in cultural practices in 1993 because of the conditions specified in [16], [17], [18] and [19] 

restaterd to be cultures. 

Village Plot size 

  
0-5 5-10 10-20 20-30 30-40 40-50 50-100 100+ 

1 Türkmencamili 57 81 192 132 73 40 34 11 

2 Karahüyük 225 12 159 32 20 9 20 2 

3 Üçhüyük 19 26 94 66 74 40 76 26 

4 Ürünlü 20 31 44 18 8 3 6 1 

5 Taşağıl 7 41 115 70 46 24 38 13 

  TOTAL 328 191 604 318 221 116 174 53 

  % 16,4 9,5 30 15,9 11 5,8 8,7 2,7 
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It was observed that the implementations carried out in Konya – Çumra – Türkmencamili district 

over the irrigated lands improved the efficiency of in-field development services (irrigation, 

drainage, soil preservation and etc. services) and facilitated implementation of these services. 

With the land consolidation project;  

1) Split of plots by drainage canals was prevented. 

2) The need for expropriations for drainage and irrigation facilities were eliminated. The areas 

required for these facilities were compensated from the lands allocated for shared uses. 

3) In areas prone to wind erosion, blocks should be designed perpendicular to prevailing wind 

directions (SW, SSW winds in this case). Of 99 blocks, 21 (21%) were designed 

perpendicular to SW and NE winds. It was concluded that land consolidation facilitated IFDS 

and soil preservation works. Therefore, it should always be considered as an essential element 

of rural development activities. 

ACKNOWLEDGEMENT  

This paper is a part of thesis for fulfillment of degree of Master of Science of Samet Eğilmez. 

Particular thanks go to the mayor and head of irrigation cooperative in Konya-Çumra- 

Türkmencamili town for soil samples. 

REFERENCES 

[1] Balaban, A. 1989. “GAP Sulamaları” Ziraat Mühendisliği 3. Teknik Kongresi, s. 749-760,    

Ankara. 

[2] Çevik, B. 1992. “GAP’ta Sulama Yönetimi ve Tarımın Modernizasyonu”, Milliyet Gazetesi,  

(18.08.1992), İstanbul. 

[3] Arslan, H.,  Tunca, E., 2013,  Arazi toplulaştırmasının sulama projelerinin performansı 

üzerine etkileri, Anadolu Tarım Bilim. Dergisi. 2013,28(3), 126-133 

[4] Yılmaz, N., Çiftçi, N., 2001,  Konya Ovasi’ nda Uygulanan Bir  Kapali Drenaj Alaninda 

ProjePerformansinin Belirlenmesi ve Drenajin Toplulaştirmada Arazi Değerlendirmesine  Etkisi. 

Doktora Tezi, Selçuk Üniversitesi Fen Bilimleri Enstitüsü, Tarımsal Yapılar ve Sulama Anabilim 

Dalı., Konya.  

[5] Boyacıoğlu, R., 1973. Arazi Toplulaştırması Yapılan Erzincan Güllüce Köyündeki Tarımsal 

İşletmelerin Ekonomik Analizi. Doktora Tezi, Erzurum. 

[6] Hesselbach, S., 1964. Der Einfluss der Parzellengrösse, Feldaenge und Feldentfernung auf 

den Arbeitsbedarf,Hamburg un Berlin. 



International Journal of Agriculture and Environmental Research  

ISSN: 2455-6939 

Volume:04, Issue:02 "March-April 2018" 

 

www.ijaer.in                                  Copyright © IJAER 2018, All right reserved Page 550 

 

[7] Cordes ,W.,1970. Flaechengrösse, Flaechenform und Feld-Hof Entfernung, Praktische 

Landtechnik, Wien. 

[8] Dinçer, H.,1971.Ziraat Alet ve Makinalarında İş Başarılarına Tarlaların Uzaklık ve  

Büyüklüklerinin Etki Dereceleri, A. Ü. Ziraat Fakültesi Yıllığı, Ankara. 

[9] Açıl, F., ve Köylü,K.,1971.Zirai Ekonomi ve İşletmecilik Dersleri, A.Ü. Ziraat Fakültesi 

Yayınları, Ankara. 

[10] Çelebi,M., 1989. Karaman Ovasında Toplulaştırma Alanlarındaki Parselasyonun Parsel 

Boyutları ve Kültürteknik Hizmetlere Etkisi Üzerinde Bir Araştırma. S.Ü. Fen Bilimleri 

Enstitüsü, Basılmamış Doktora Tezi, Konya. 

[11] Sipahi, Ö.1989. KOP Kapsamındaki Arazi Toplulaştırma ve Tarla İçi Geliştirme çalışmaları 

Konya Ovaları Projeleri (KOP) paneli, 4 Mart 1989 Ticaret Odası,  Konya. 

[12] Çelebi M. 2010.  Toplulaştırmanın Karaman İlinde Sulama ve Diğer Tarımsal 

Faaliyetlerin Verimliliği Üzerinde Etkileri Tabad, 3 (2): 1-6,  

[13] Middleton, R. E., Pheasant, D. J. & Miller, C. (1996). Homodimeric architecture of a ClC- 

type chloride ion channel. Nature 383, 337–340. 

[14] Ayyıldız, M., 1990. Sulama Suyu Kalitesi ve Tuzluluk Problemleri. Ankara Üniv. Ziraat 

Fakültesi Kültürteknik Bölümü, Ankara Üniv. Ziraat Fak. Yayınları: 1196, Ders Kitabı: 344, 

Ankara, 282s. 

[15] Soıl Survey Staff 1993. Soil Survey Manuel. U.S. Dept. Agriculture Handbook No. 18., 503 

p. 

[16] Bernstein, L., L. E. Francois, and R. A. Clark. 1974. Interactive Effects of Salinity and 

Fertility on Yields of Grains and Vegetables1. Agron. J. 66:412-421. 

doi:10.2134/agronj1974.00021962006600030023x 

[17] Sharma, D.P., 1980. Effect of using salinity water to supplement canal water irrigation on 

the crop growth of rice. Current Agriculture 4: 79-82. 

[18] Robınson,SP., Downton,WJS., Mıllhouse, JA. 1983. Photosynthesis and ion content of 

leavesand isolated Chloroplasts of salt-stressed spinach. Plant Physiol 73:238-242 

[19] Çakırlar H & Topçuoğlu S F (1985). Stres terminolojisi. Çölleşen Dünya ve Türkiye 

örneği.Sempozyum-7, 13- 17 Mayıs, Erzurum, s. 108-129. 



International Journal of Agriculture and Environmental Research  

ISSN: 2455-6939 

Volume:04, Issue:02 "March-April 2018" 

 

www.ijaer.in                                  Copyright © IJAER 2018, All right reserved Page 551 

 

[20] Biryan, H., 2011, Konya İli Tarım Alanlarında Arazi Islah İhtiyacı Ve Bu Amaçla Yapılan 

Çalışmalar, Selçuk Üniversitesi Fen Bilimleri Enstitüsü Y. L. Tezi, Konya. 

[21] Kanber, R,. ve Ünlü, M, 2008. 5. Dünya Su Forumu Bölgesel Hazırlık Süreci DSİ Yurtiçi 

Bölgesel Su Toplantıları Sulama – Drenaj Konferansı Bildiri Kitabı 10-11 Nisan Adana, 96-109 

[22] Kara, M.,1980. Türkiye'deki Bazı Arazi Toplulaştırma Projelerinde Parsel Boyutları ve Yol 

Uzunluğu Üzerinde Bir Araştırma, K.T.Ü. Yayın no: 108 Trabzon 

[23] Anonymous, 1999.  Köy. Hiz. 2. Bölge Müd. Konya Ovası Sulaması  KOS VI Sulama 

Sahası  AT ve TİGH Projesi  (Kesin Hesap Dosyası) Konya. 


