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Abstract 
Nitrogen (N) is the major plant nutrient intensively used in agriculture in most of the world, including the 

Mediterranean region.  While some of the added N is taken up by the plants, the remainder is lost by 

mechanisms such as volatilization, leaching and immobilization; such losses have health, environmental and 

economical implications.  In this research, the contribution of locally grown crops to the N budget in the 

Akarsu Irrigation District (AID) (9,495 ha) in the Cukurova region of Turkey was determined during 2007 

and 2008 irrigation seasons.  The N budget parameters, i.e., inputs and outputs, including added N fertilizer 

amount and plant uptake, were determined and used in the budget equation.  Our results indicated that plant 

N uptake and the amount of N added to the soil are the main parameters affecting the N budget of the District 

under irrigated conditions. 
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Introduction 

With a growing world population, there is need to ensure crop production and food quality (Borlaug, 2003).  

Nitrogen is one of the major plant nutrient extensively used in irrigated and dryland agriculture (Aulakh and 

Mahli, 2005; Ryan et al., 2009).  Its availability is very closely related to soil, plant and climatic conditions, 

especially the rainfall and irrigation water.  These factors intimately affect the N fertilizer use efficiency that 

is generally low in the most agricultural systems (Ma et al., 2009).  Therefore, management practices are 

vitally important for improved N use efficiency.  

 

Determination of N budget in a regional basis could be a very important tool for the best N management.  

Measurements of the site- specific input and output parameters result in better success of the budget 

(Ammann et al., 2009).  However, the most budget and modeled-budget parameters are drawn from the 

literature (Ross et al., 2008; Ammann et al., 2009).  In recent research, detailed N input and output 

parameters have been determined and used in the calculation of the N budget (Liu et al., 2003; Ju et al., 

2006), with the conclusion  that added N fertilizer is the main input (Ventura et al., 2008), while the plant 

uptake is the output in the budget calculations.   

 

Therefore, the contribution of the locally grown crop parameters to N budget of the District was assessed in 

this study.  

 

Materials and Methods 
Location and Soils 

The study was conducted in one of the most intensively cropped area of the Mediterranean coastal region of 

Turkey.  It involved the Akarsu Irrigation District within the Lower Seyhan Plain (LSP) (Fig. 1).  The 

Akarsu Irrigation District covers an area of 9,495 ha within the LSP and lies between 36
o
 57′ 32′′ and 

36
o
 50′ 43′′ N latitude and 35

o
 40′ 22′′ and 35

o
 28′ 42′′ E longitudes.  The area has a Mediterranean-type 

climate, typically with hot and dry summers and mild and rainy winters.  Annual averages of mean, 

maximum and minimum temperatures are 18.9, 31.0 and 9.0 ºC, respectively.   

The soils are mainly alluvial, being formed in the Ceyhan River floodplain, a number of district soil series 

are recognized.  Most soils are deep and high in clay and calcium carbonate, and deep cracks are common 

during the dry season, but differ in other minor futures.   
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Figure 1.  The location of the study area. 

Cropping pattern 

Currently, maize (Zea mays) as first and second crop is the major crop, followed by citrus orchards and 

wheat (Triticum aestivum) in the area.  Cultivation of wheat and citrus has shown considerable increases in 

the recent years, caused mainly by fluctuating crop prices and market demands.  Melon (Citrullus vulgaris) 

and some vegetables are the other crops exist in the location.  

  

Hydrologic observations 

October 1
st
 is the starting date of the hydrological year in Turkey, and in the District. Therefore, water 

sampling and all other relevant data were collected and processed in the hydrological years 2007 and 2008.  

Five sets of groundwater samples from 107 shallow groundwater observation wells were collected. In 

addition, in order to determine irrigation and drainage in-and outflows, gauging stations with automatic 

water level recorders were installed on appropriate locations of the canals.  Nitrate concentrations of all 

collected water samples were determined.  

 

Measurements 

Preplant and post harvest soil N in the profile, amount of added fertilizer to each crop, N load in rainfall, 

irrigation and drainage water, fluctuated N load in the groundwater, N uptake by the plants were calculated 

using the site specific measured data of these parameters.  Then, these parameters were used in the below 

given N budget equation.   

 

∆N = NI+NP+NLSF+NF-NC-ND 

 

where NI  is N coming from irrigation, NP  from precipitation, NLSF from lateral subterranean flow, NF from 

fertilizer and N loss by crop uptake, NC and drainage, ND. 

 

Results 

The budget parameters in 2007 and 2008 are given in Table 1, the specific calculations were made as the 

load of N for each unit area (kg N ha
-1

).  There were some differences between two irrigation seasons.  

 

 The N input from irrigation water and precipitation are only a small proportion of the total budget as sum of 

13.4 and 15.1 kg N ha
-1

.  Since the irrigation water is fresh water diverted from the dam, its N concentration 

and thus the N load to the District is very small.  

 

There is hardly any contribution of subterranean lateral flow to the N budget in the District.  Added fertilizer 

N is the biggest input parameter of the budget (Ventura et al., 2008), the average N rate over the cropped 

area and plant types was 240.0 and 246.6 kg N ha
-1

 in the both years.  The main crops of the area are wheat, 

corn, citrus, cotton and various vegetables which are extensively fertilized with minimum expert 

recommendations.  
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Table 1.  Nitrogen input and output parameters used in the N budget in 2007 and 2008. 

Hydrologic Year 
Budget Parameters* 

2007 2008 

 -----------kg N ha
-1

----------- 

Irrigation (NI) 5.4 6.0 

Precipitation (NP) 8.0 9.1 

Fertilizer (NF) 240.0 246.6 

Subterranean Lateral Flow 

(NSLF) 

-0.008 0.01 

Crop Uptake (NC) 151.0 183.4 

Drainage (ND) 41.2 29.3 

                   

                    

 Nitrogen Budget 

 

61.2 

 

49.0 

* The sources of N inputs and outputs 

The main N loss from the system is the one by the plant uptake, 151.0 and 183.4 kg N/ha in 2007 and 2008.  

Loss to the drainage is also in substantial amount compare to some input parameters.  There is a considerable 

seasonal difference in the load of N by drainage due to the rainfall and irrigation.  

Conclusion 

Two year’s data show that amount of added N fertilizer and plant N uptake are the main factors effecting the 

N budget of irrigated agriculture in southern Turkey.  Since the area has potential to grow two crops in a 

year, an optimized fertilization program is imperative for economic, health and environmental implications. 
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