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consumption values of the treatments was 
firstly obtained; then, the yield response related 
to Zivzik pomegranate was predicted. As a 
result of these operations, the following 
equation was obtained. 
 
(1 - Y/Ym) = 1.5907 (1 - ET/ETm) - 0.0068; 
R= 0.95 
 
Accordingly, it can be said that the yield 
response factor of Zivzik pomegranate during 
the growth period is Ky = 1.59 (Figure 3).  
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Figure 3. Yield response factor of Zivzik var. of 

pomegranate 
 
According to the results obtained, it can be said 
that yield can be significantly affected by the 
lack of one unit of water under conditions 
where irrigation water is limited. Consequently, 
it can be said that Zivzik pomegranate is very 
sensitive to water and that there will be 
adecrease in yield in case of lack of water.  
 
CONCLUSIONS 
 
The study was carried out with the farmer 
garden established in 2011 with Zivzik variety. 
It was aimed to decrease the damage of fruit 
cracking, which is one of the most important 
problems in pomegranate and is stated to result 
from irregular irrigation and to achieve the 
irrigation program by applying different water 
levels under the limited irrigation conditions.  
In the statistical analysis performed among the 
yield values obtained from the treatments, 
while the treatments were not found to be 
statistically significant, the lowest and highest 
yield values were obtained from 130.3 kg/da 
(D1I2) and 340.6 kg/da (D1I3), respectively. In 
the study carried out by Dinç et al. (2012) for 
obtaining the irrigation program, the best yield 
value, 1265 kg/da, was obtained from the 
treatment for which 6 days irrigation interval 

was applied. The noncompliance with the 
research findings can be associated with the 
variety of the experimental material and the 
regional conditions. In this case, (I3) treatment 
(D2I3) with the irrigation interval (D2) in 
which the amount of cumulative evaporation 
reaches 120 mm, using 50% of the amount of 
evaporation can be suggested as the irrigation 
interval. While the plant water consumptions in 
the experimental treatments were calculated to 
be between 601.5 mm (D1I1) and 902.9 mm 
(D2I3), the amounts of irrigation water applied 
to the treatments were between 292.6 mm 
(D1I1) and 585.2 mm (D1I3-D2I3). In the 
statistical analysis performed, the difference 
between the treatments was not found to be 
significant.  
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Abstract 
 
Irrigation management is one of the key factors for the sustainability of irrigated agriculture. There has been a good 
number of performance indicators developed for the assessment of irrigation schemes. DSI (State Hydraulic Works) 
datas for 5 years (2011-2014) were used to calculate indicators of irrigated agricultural output. The most important 
one among them is the four basic comparative performance indicators related output to unit land and water. These 
“external” indicators provide the basis for comparison of irrigated agriculture performance. Comparative indicators 
are the output per cropped area ($/ha), output per unit command ($/ha), output per unit irrigation supply ($/m3), and 
output per unit water consumed ($/m3). In this paper, obtained the data that regarding irrigated cropped area, 
production, which are the output of the irrigated area in terms of gross or net value of production measured at local 
prices, command area, diverted irrigation supply, volume of water consumed by ET. This data were used to calculate 
comparative indicators. This study, in three climatic zones (Continental, Mediterranean and Black Sea) fourteen 
irrigation schemes, more than 20.000 ha of command area for each scheme, were assessed. Irrigation schemes were 
classified with regard to crop pattern. As a result of the study, based on the 2011-2014 years output per unit command 
area, output per cropped irrigated area, output per unit irrigation supply, output per unit water consumed were 
determined as 1040-7669 US$/ha, 2387-10129 US$/ha, 0.13-1.38 US$/m3, and 0.60-2.29 US$/m3, respectively. 
Calculated comparative indicators compared with each irrigation scheme's crop pattern and climatic zone. In addition, 
results compared with irrigation schemes in similar climatic zone with similar crop pattern. In conclusion, it was 
determined that crop pattern is the most effective factor to success of irrigation schemes. 
  
Key words: comparative indicators, cropping pattern, irrigation scheme, irrigated area, production 
 
INTRODUCTION  
 
Agriculture is the major source of livelihood 
and employment in developing and underde-
veloped countries. 70% of the water used in the 
world is used in the irrigation. Irrigated 
agriculture has vital importance in underde-
veloped countries. The use of technology in the 
transmission and distribution of irrigation water 
in underdeveloped countries is very low. The 
main problems are the irrigation ratio and the 
low irrigation efficiency. Irrigation ratio of 
irrigation schemes in Turkey is 62%. The 
irrigation schemes in Turkey have low 
irrigation efficiency. 
The total surface area of Turkey is 78 million 
hectares (783.577 km2), 28 million hectares of 
which are cultivable agricultural lands. In 2014, 
a total of .6.09 million hectares of land has 
been put into operation in Turkey. Of the 
irrigation areas put into operation, approxi-
mately 81% of them are irrigated by surface 

water resources, while the remaining 19% of 
them by underground water resources. In 
Turkey, the management of irrigation schemes 
has been assigned to the water user organi-
zations since 1994. According to this irrigation 
management assignment scheme, the irrigation 
areas that were previously run by the state have 
been assigned to the irrigation associations 
(89.1%), cooperatives (5.1%), municipalities 
(3%), legal village entities (1.6%) and the unions 
of village delivery service (0.9%) (DSI, 2015). 
Four basic benchmarking indicators developed 
by Molden et al. (1998) are used in this study. 
These indicators are related cropped area, 
command area, irrigation supply, water 
consumed and evapotranspiration. Various 
studies are conducted in the World and Turkey 
(Kukul et al., 2008; Cakmak et al., 2010; Uysal 
and Atis, 2010). Senerve Albut (2011) used 
comparative indicators in 10 irrigation schemes 
in Trakya region in Turkey. In this study output 
per unit command area, output per cropped 
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irrigated area, output per unit irrigation supply 
and output per unit water consumed  were 
determined as 106-7498 US$/ha, 999-3947 
US$/ha, 0.06-1.29 US$/m3, and 0.12-0.63 
US$/m3, respectively. 
Djen et al. (2011) used comparative indicators 
in two irrigation schemes in Ethiopia. In 
Golgota Irrigation Scheme, output per unit 
command area, output per cropped area, output 
per unit irrigation supply and output per unit 
water consumed were realized 9.212 US$/ha, 
12.999 $/ha, 0.48 $/m3 and 0.86 US$/m3, 
respectively. In Wedecha Irrigation Scheme, 
output per unit command area, output per 
cropped irrigated area, output per unit irrigation 
supply and output per unit water consumed 
were observed 1.808 $/ha, 4.520 $/ha, 0.25 
$/m3 and 0.49 $/m3, respectively. Ingle et al. 
(2015) were used comparative indicators to 
assess small scale irrigation schemes in 
Maharashtra Ratnagiri region in India. Shrestha 
et al. (2014), were assessed Telegasari 
Irrigation Scheme in Indonesia with same 
indicators. Similar research has been done 
assessing performance of various scale 
irrigation schemes (Alwis and Wijesekara, 
2011; Lakmali et al., 2015; Bareng et al., 2015; 
Shenkut, 2015; Adongo et al., 2016). 
 

MATERIALS AND METHODS 
 
Two of the irrigation schemes that have been 
assessed are located in the Central Anatolian 
region (Çumra and İvriz) and under the 
influence of continental climate.  
The winters are cold and the summers are hot. 
Two irrigation schemes are located in the 
eastern Anatolian region (Erzincan and Iğdır) 
where the summers are short and chilly 
whereas the winters are cold and longer.  
Another irrigation scheme is located in the 
Southeastern region (Harran) where the 
summer is very hot and the winter is mild. 5 of 
the irrigation schemes are located in the 
Mediterranean and Aegean regions that are 
under the influence of Mediterranean climate. 
In those places, the summers are hot and dry 
whereas the winters are mild and rainy. 
Another irrigation scheme is located in the 
Black Sea region where is rainy in all seasons.  
The summers are chilly and the winters are 
mild on the coasts, but colder and snowy in the 
higher areas.  
The locations of the irrigation schemes being 
assessed are provided in the Figure 1, whereas 
the characteristics of each irrigation scheme are 
listed in the Table 1 below. 

Table 1. Characteristics of Fourteen irrigation schemes (DSİ, 2016) 

 

Data used are taken from General Directorate 
of State Hydraulic Works report archive (DSİ,  
2016). 14 irrigation schemes in three climatic 
zones in Turkey are chosen to assess their 

irrigation performance. These irrigation 
schemes have more than 20,000 ha command 
area. The locations of the irrigation schemes 
are given on Figure 1 below. 

Code Irrigation Scheme Surface 
(ha) 

Water Diversion     
(% by area) 

 
Main Crops (Percentages by area)  

Gravity Pumped 
1 Menemen 22865 91 9 Cotton (56%) Corn (18%) Vegetables (8%) 
2 Salihli 22797 96 4 Vineyard (44%) Corn (32%) Cereals (9%) 
3 Ahmetli 50232 100 - Corn (53%) Grape (35%) Fruit trees (4%) 
4 Çumra 59560 88 12 Cereals (53%) Corn (35%) Sugarbeet (12%) 
5 İvriz 36108 81 19 Cereals (46%) Corn (31%) Sunflower (10%) 
6 Seyhan 142274 99 1 Corn (42%) Citruses (15%) Nursery tree (11%) 
7 Ceyhan 101726 89 11 Corn (79%) Peanut (10%) Cotton (56%) 
8 Tokat 20275 82 18 Corn (24%) Vegetables (20%) Fruit trees (15%) 
9 Erzincan 29112 63 37 Cereals (50%) Sugar beet (16%) Bean (15%) 

10 Harran 134366 100 - Cotton (78%) Cereals (22) - 
11 Kahramanmaraş 20000 97 3 Corn (60%) Cereals (32%) - 
12 Söke 26000 100 - Cotton (100%) - - 
13 Baklan 44072 100 - Sunflower (54%) Corn (15%) Fruit trees (10%) 
14 Iğdır 61900 94 6 Forage (50%) Corn (31%) Grassland (13%) 



89

Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. VI, 2017
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064 

irrigated area, output per unit irrigation supply 
and output per unit water consumed  were 
determined as 106-7498 US$/ha, 999-3947 
US$/ha, 0.06-1.29 US$/m3, and 0.12-0.63 
US$/m3, respectively. 
Djen et al. (2011) used comparative indicators 
in two irrigation schemes in Ethiopia. In 
Golgota Irrigation Scheme, output per unit 
command area, output per cropped area, output 
per unit irrigation supply and output per unit 
water consumed were realized 9.212 US$/ha, 
12.999 $/ha, 0.48 $/m3 and 0.86 US$/m3, 
respectively. In Wedecha Irrigation Scheme, 
output per unit command area, output per 
cropped irrigated area, output per unit irrigation 
supply and output per unit water consumed 
were observed 1.808 $/ha, 4.520 $/ha, 0.25 
$/m3 and 0.49 $/m3, respectively. Ingle et al. 
(2015) were used comparative indicators to 
assess small scale irrigation schemes in 
Maharashtra Ratnagiri region in India. Shrestha 
et al. (2014), were assessed Telegasari 
Irrigation Scheme in Indonesia with same 
indicators. Similar research has been done 
assessing performance of various scale 
irrigation schemes (Alwis and Wijesekara, 
2011; Lakmali et al., 2015; Bareng et al., 2015; 
Shenkut, 2015; Adongo et al., 2016). 
 

MATERIALS AND METHODS 
 
Two of the irrigation schemes that have been 
assessed are located in the Central Anatolian 
region (Çumra and İvriz) and under the 
influence of continental climate.  
The winters are cold and the summers are hot. 
Two irrigation schemes are located in the 
eastern Anatolian region (Erzincan and Iğdır) 
where the summers are short and chilly 
whereas the winters are cold and longer.  
Another irrigation scheme is located in the 
Southeastern region (Harran) where the 
summer is very hot and the winter is mild. 5 of 
the irrigation schemes are located in the 
Mediterranean and Aegean regions that are 
under the influence of Mediterranean climate. 
In those places, the summers are hot and dry 
whereas the winters are mild and rainy. 
Another irrigation scheme is located in the 
Black Sea region where is rainy in all seasons.  
The summers are chilly and the winters are 
mild on the coasts, but colder and snowy in the 
higher areas.  
The locations of the irrigation schemes being 
assessed are provided in the Figure 1, whereas 
the characteristics of each irrigation scheme are 
listed in the Table 1 below. 

Table 1. Characteristics of Fourteen irrigation schemes (DSİ, 2016) 

 

Data used are taken from General Directorate 
of State Hydraulic Works report archive (DSİ,  
2016). 14 irrigation schemes in three climatic 
zones in Turkey are chosen to assess their 

irrigation performance. These irrigation 
schemes have more than 20,000 ha command 
area. The locations of the irrigation schemes 
are given on Figure 1 below. 

Code Irrigation Scheme Surface 
(ha) 

Water Diversion     
(% by area) 

 
Main Crops (Percentages by area)  

Gravity Pumped 
1 Menemen 22865 91 9 Cotton (56%) Corn (18%) Vegetables (8%) 
2 Salihli 22797 96 4 Vineyard (44%) Corn (32%) Cereals (9%) 
3 Ahmetli 50232 100 - Corn (53%) Grape (35%) Fruit trees (4%) 
4 Çumra 59560 88 12 Cereals (53%) Corn (35%) Sugarbeet (12%) 
5 İvriz 36108 81 19 Cereals (46%) Corn (31%) Sunflower (10%) 
6 Seyhan 142274 99 1 Corn (42%) Citruses (15%) Nursery tree (11%) 
7 Ceyhan 101726 89 11 Corn (79%) Peanut (10%) Cotton (56%) 
8 Tokat 20275 82 18 Corn (24%) Vegetables (20%) Fruit trees (15%) 
9 Erzincan 29112 63 37 Cereals (50%) Sugar beet (16%) Bean (15%) 

10 Harran 134366 100 - Cotton (78%) Cereals (22) - 
11 Kahramanmaraş 20000 97 3 Corn (60%) Cereals (32%) - 
12 Söke 26000 100 - Cotton (100%) - - 
13 Baklan 44072 100 - Sunflower (54%) Corn (15%) Fruit trees (10%) 
14 Iğdır 61900 94 6 Forage (50%) Corn (31%) Grassland (13%) 

 
Figure 1. Irrigation schemes locations in Turkey 

The four basic comparative performance 
indicators are used to assess irrigation schemes 
performance (Molden et al., 1998). These 
indicators: 
 

 

 

 

 

where:  
- Production is the output of the irrigated 

area in terms of gross or net value of 
production measured at local or world prices 
(see below); 

- Command area is the nominal or design 
area to be irrigated. Irrigated cropped area is 
the sum of the areas under crops during the 
time period of analysis; 

- Diverted irrigation supply is the volume 
of surface irrigation water diverted to the 
command area, plus net removals from 
groundwater; 

- Volume of water consumed by ET is the 
actual evapotranspiration of crops. 
 
RESULTS AND DISCUSSIONS 
 
Output per unit command area 
Evaluated irrigation scheme’s output per unit 
command area varies 1040-7669 $/ha with a 
variation ratio of 1 to 7.40 between years 2011 
and 2014 (Figure 2). The most important 
factors affecting per unit command area are 
irrigation ratio and crop pattern. The lowest 
value occurred in Ivriz Irrigation Scheme in 
2014. The rate of irrigation ratio in Ivriz 
irrigation scheme was 42% in 2014. Otherwise, 
cereals which economic value is lower than the 
other plants were cultivated 58% of the 
command area. Seyhan Irrigation Scheme had 
the highest output per unit command area in 
2014. Seyhan Irrigation Scheme irrigation ratio 
was 75% in 2014; in addition it is observed that 
industrial plants with high economic value 
(39% corn, 14% citrus and 13% cotton) were 
heavily cultivated. 
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Figure 2. Output per unit command area 
 

Output per cropped area 
Evaluated irrigation scheme’s output per unit 
cropped area varies between $2387 and $10129 
per ha (Figure 3). The lowest value was 
realized in Cumra Irrigation Schemes in 2011 
while the highest value was observed in Tokat 
Irrigation Scheme in 2011. Variation ratio of 
the irrigation schemes evolve between 1 and 
4.20. Irrigation ration in Cumra Irrigation 
Schemes which had the lowest value was 85% 

in 2011. Whereas cereals with low economic 
value cultivated 70% of the cropped area in 
2011. Irrigation ratio was 46% in Tokat 
Irrigation Schemes having the highest value in 
2011. Crop pattern, yield and market price of 
the product affect output. 24% vegetable, 21% 
sugar beet and 21% fruit of the cropped area 
cultivated heavily in Tokat Irrigation Scheme 
in 2011.  

 
Figure 3. Output per cropped area 

 
Output per unit irrigation supply 
Values of output per unit irrigation supply are 
given in Figure 4, output per unit irrigation 
supply varies between 0.13 $/m3 and 1.38 $/m3. 
The lowest value is observed Igdir Irrigation 

Scheme in 2011. Output per unit irrigation 
scheme values varies between 1 and 10. The 
most cultivated plants in Igdir Irrigation 
Scheme feed crop with 40% and cereals with 
21% of the cropped area. The highest value is 
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Values of output per unit irrigation supply are 
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supply varies between 0.13 $/m3 and 1.38 $/m3. 
The lowest value is observed Igdir Irrigation 
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realized Baklan Irrigation Scheme in 2014. 
Sunflower with 48%, fruit with 16% and corn 
12% of the cropped area were cultivated in 

Baklan Irrigation Scheme. Industrial plants and 
fruits are the most productive value for output 
per unit irrigation supply. 

 

 
Figure 4. Output per unit irrigation supply

 
Output per unit water consumed 
Output per unit water consumed values varies 
between 0.60 $/m3 and 2.29 $/m3 per unit water 
consumed (Figure 5). Output per unit water 
consumed varies proportionally between 1 and 

4 in Figure 5 below. The lowest values are 
observed in Igdir Irrigation Scheme in 2011 
while the highest value is realized in Tokat 
Irrigation Scheme in 2011. 

 

Figure 5. Output per unit water consumed
 
CONCLUSIONS 
 
Comparative indicators, which relate to land, 
water and production, demonstrate the 
differences in performance of irrigation 
schemes over the years.  

The different results in performance indicates 
shows the analysis is correct. In study, variation 
ratio is higher than 2:1 suggests that there are 
significant differences between the assessed 
irrigation schemes (Molden et al., 1998). 
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Performance differences between irrigation 
networks depend on the management scheme, 
infrastructure, water distribution and 
distribution planning, climatic conditions of the 
region and socio-economic conditions of 
farmers. 
Assessment of irrigation schemes with 
comparative indicators is important appliance 
to decision makers. It is also useful in 
responding to the question "Do I do the right 
thing?" for irrigation managers (Murray-Rust 
and Snellen, 1993). Performance indicators can 
be used to identify long-term plans, to identify 
and confirm long-term strategic goals. 
As a result of this study, it is seen that 
command area are not used completely. This 
causes the decrease of the production value. As 
a result, it is seen that the amount of water used 
is very high compared to the production value 
obtained from the unit area. It is necessary to 
work on raising the irrigation ratio and 
irrigation efficiency in the irrigation schemes of 
Turkey without losing time. In this regard, the 
production and support policies should be 
reassessed by the relevant ministries. In 
addition, agricultural publishing services for 
farmers need to be increased by authority. 
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