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Abstract 

Gediz basin is one of the regions where intense agricultural activities take place in 

Western Turkey. Erosion and soil degradation has long been causing serious problems to 

cultivated fields in the basin. This work describes the application of two different 137Cs 

models for estimating soil erosion rates in cultivated sites of the region. 

Soil samples were collected from five distinct cultivated regions subject to soil 

erosion. The variations of 137Cs concentrations with depth in soil profiles were investigated. 

Soil loss rates were calculated from 137Cs inventories of the samples using both Proportional 

Model (PM) and Simplified Mass Balance Model (SMBM). When Proportional Model was 

used, erosion and deposition rates varied from -15 to -28 t ha-1y-1 and from +5 to +41 t ha-1y-1, 

respectively, they varied from -16 to -33 t ha-1y-1 and from +5 to +55 t ha-1y-1 with Simplified 

Mass Balance Model. A good agreement was observed between the results of two models up 

to 30 t ha-1y-1 soil loss and gain in the study area. 

Ulukent, a small representative agricultural field, was selected to compare the present 

data of 137Cs techniques with the results obtained by Universal Soil Loss Equation (USLE) 

applied in the area before. 
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1.Introduction 

Gediz Basin possesses a considerable share in Turkey’s agricultural economy, yet has been 

suffering from soil erosion for a long time. That is why the agricultural lands of the region are 



selected to apply the 137Cs technique for estimating erosion rates using two different 

evaluation models. 

 A number of  different methods have been used in order to estimate soil loss and gain 

in erosion  studies throught the world.  One of them is the nuclear technique which uses 137Cs 

for the erosion assessments. 137Cs is an artificial radionuclide with half life of 30.2 years. Its 

distrubition in the environment began with atmospheric testing of thermonuclear weapons, 

primarily in the period from 1954 to mid 1970’s. The 137Cs was released into the atmosphere, 

distributed globally and deposited as fallout. The amount of deposition depends on the 

radionuclide concentration in the atmosphere and the rainfall. Its use as a sediment tracer lies 

in its rapid and strong adsorbtion by fine particles so that in most agricultural environments its 

subsequent redistrubition is a direct reflection of the erosion, transport and deposition of soil 

particles occuring over a period of almost 35 years (Nouira et al., 2003). The redistribution of 

137Cs in the soil and across the land surface is controlled by its interaction with land use 

practises, erosion and sediment transport processes. Clay mineralogy, soil organic matter and 

soil clay content determine the cation exchange capacity (CEC) of soils which has the main 

influence on the sorption of this radionuclide (Oztas, 1993). The use of 137Cs for erosion 

studies overcomes many limitations of the classical methods since they are expensive and 

time consuming (Fulajtar, 2003). Thus, measurement and assessment (evaluation) methods 

using 137Cs technique have been paid attention globally in order to prevent soil loss with 

erosion by many researchers (Ritchie and Mc Henry, 1990; Walling and Quine, 1993a; 1995b; 

Collins et al., 2001; Bujan et.al., 2002; Fulajtar, 2003; Uğur et al., 2003a;  Saç, 2003; Uğur et 

al., 2003b; Uğur et al., 2004). 

 Though the 137Cs method has been used in many locations in the world  for the last 

three decades, in Turkey there is only one application which has been realized recently (Uğur 

et al., 2003; Saç, 2003; Uğur et al., 2004). 



 

 

2.Study Area 

 Gediz Basin is one of the most productive land located in the western part of Turkey, 

however  it is effected by water erosion seriously and the surface soil has been being lost for a 

long time. 

 The representative cultivated sites were selected from five distinct areas located at 38o 

04’ -39o 13’ north and 26o 42’-29o 45’ east in the basin (Fig 1). The altitudes range between 

16 and 137 m. above the sea level. Gediz basin is characterised by slopes varying from 5 to 

35% and by rainfall regime varying from 450mm to 1060mm. The climate type of the area is 

known as Mediterranean , mean annual temperature is 16.6 oC.  

Finding an appropriate reference sites is one of the most important aspects of the 

application of 137Cs technique. In order they have the same annual precipitation and 

geomorphological specifications, reference areas should be close to the study sites and yet 

these areas wouldn’t be subject to any erosion and depositon. Therefore reference  points were 

chosen from the uncultivated and uneroded areas close to each of the five study sites in the 

catchment. Appropriate reference inventories were obtained after having made careful gamma 

spectroscopical analysis for vertical  137Cs distributions along the soil profiles in the samples 

from the protected areas.. 



 

 

 

 

 

 

Fig 1 

 

 

 

 

 

 

 

 

                



3. Material and Methods 

3.1. Sampling 

Sampling was realized at five distinct cultivated regions (Ulukent, Kestelli, Yartepe, 

Karkınkoy and Kırtepe) in the catchment and at the reference areas of these regions. 

Sectioned soil cores were collected in 5 cm intervals up to 40 cm soil depth for vertical 

distribution of 137Cs along soil profiles to investigate the proper reference points and also the 

eroded areas. The study sites were sampled with varying grid sizes between 25x50 m2 and 

100x100m2 and proper spacings at each of study region depending on the topographic 

properties of the land. Totally 68 bulk soil cores and 64 sectioned soil profiles were collected 

from each of moderate sloppy sites (5%-35%) up to plough depth.  A 8.5 cm diameter steel 

core tube was used for bulk core sampling and corer of 15.5 cm diameter was used for sliced 

soil profiles. 

3.2.Gamma spectrometric analysis for 137Cs  

 The soil samples were oven dried at 105oC, disaggregated, passed through 600 µm 

(30 mesh) sieve, mixed , weihtged and were put in Marinelli beakers of volume 1200 mL 

with 1500 g weight.  

 The samples were analysed for 137Cs by direct gamma assay, using Tennelec/Nucleus 

HPGe (184 cc) planar type coaxial intrinsic germanium detector. 137Cs activity was measured 

by its emissions at 662 keV. Background counts were made at regular intervals to ensure 

maintenance of low background characteristics. Each soil sample was counted for 20000s. 

137Cs standard of Amersham, (Certificate no. 317776-3 of sealed radioactive sources) was 

used to determine the efficiency of the spectrometer . 

            The 137Cs inventory A (in Bq m-2) in the samples was expressed using 

                                           
S

CMA =        (1) 



where C is the 137Cs activity of the sample (in Bq kg-1), M is the total dry mass of the 

collected soil core (in kg) and S is the cross-section of the sampling tube (in m2) (Tyler et al., 

2001). 

3.3. Mathematical models used in the study 

 In order to apply the 137Cs models in cultivated areas, the reference inventories at the 

sampling fields are expected to be higher than those at  the cultivated sites undergoing soil 

erosion and lower than the inventories at the deposition sites. As a matter of fact it was 

observed that most of the 137Cs inventories examined at the sampling points at each site 

were significiantly lower than the reference inventory showing that some erosion and soil 

loss have occured in these  areas whereas 137Cs excess in the other inventories pointed out 

to the deposition areas. 

           The Proportional Model (PM) has been widely used to calculate soil erosion and 

deposition rates from 137Cs measurements on cultivated sites particularly with low erosion 

rates (<30 t ha-1yr-1). It is based on the assumption that 137Cs fallout inputs are completely 

mixed within the plough or cultivation layer and that soil loss is directly proportional to the 

reduction in the 137Cs content in the soil profile. The mean annual soil loss rate Y (t ha-1yr-1) 

can be written as follows: (Walling and He, 1999) 

 
T

BdXY
100

10=           (2) 

where X is the percentage reduction in total 137Cs inventory (defined as (Aref-A)/Aref x 100), 

d is the depth of the plough or cultivation layer (m), B the bulk density of the soil (kg m-3), 

T the time elapsed since initation of 137Cs accumulation (yr), Aref the local reference 

inventory (Bq m-2) and A is the total inventory measured at the sampling point (Bq m-2). 

 PM does not take into account the dilution of 137Cs concentrations in the plough layer 

after surface lowering by soil erosion. That is why the results obtained by PM may 

underestimate the actual rates of soil loss. 



 The Simplified Mass Balance Model (SMBM) attempts to overcome the limitation 

assuming that the total input of 137Cs fallout occured in 1963 instead of over the period from 

1954 to 1970 and that the depth distribution of 137Cs in the soil profile is not time dependent  

(Nouira et al., 2003). 

 According to this model, the mean annual soil loss rate Y (t ha-1yr-1) is expressed as 

follows: 
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where t is the time since 1963. 

Both models were used in the present study and the results were compared. 

4. Results 

 The distribution of 137Cs activity as a function of the soil depth in the reference, 

erosion and deposition sites were studied to acquire information on the behaviour of 137Cs 

fallout within the soil.. The 137Cs activity concentration in the profiles for the identified 

reference sites shows a sharp decrease with increasing depth which can be considered as an 

exponential function. Fig 2(a) shows a representative example of reference profile in Ulukent 

site. It is seen that most of the 137Cs is accumulated within the top 25 cm from the surface and 

is negligible below that depth providing a reliable confirmation of the validity of using data 

from these sites to establish the reference inventories of the area worked. The depth 

disribution of 137Cs concentrations for the cultivated area of the same site  is given in Fig. 

2(b). It is seen that the 137Cs concentration was quite equally distributed throughout the 

plough layer in erosion and deposition parcels. This shows that the soil is mixed properly due 

to the cultivation activities in the field. Fig 2 (c) gives the deposition area of the same site.  

137Cs inventories in deposition areas were found to be higher than those in reference areas. 

Similar graphes were obtained for the other four sites. 



 

 

 

 

 

    Fig 2. 

 

 

 

 

 

 

 

 

 Inventories acquired from calculations using (Eq. 1) for all cultivated sites vary 

between 295-1688 Bq m-2 and mean 137Cs inventory is 829 Bq m-2 and reference inventories 

change between 770-1238 Bq m-2 with an average of 1001 Bq m-2.  

Erosion and deposition rates for five agricultural sites were calculated by both 

Proportional Model and Simplified Mass Balance Model (Fig 3). When Proportional Model 

was used , erosion and deposition rates varied between   -15 and -28 t ha-1y-1, +5 and +41 t ha-

1y-1, respectively. Soil loss and gain changed between -16 and -33 t ha-1y-1 +5 and +55 t ha-1y-

1 with Simplified Mass Balance Model, respectively. It was observed that there was a good 

agreement between two models up to 30 t ha-1y-1 soil loss and gain.  

 

 



 

 

     Fig 3. 

 

 

 

 

 

 

 

Spatial distribution of 137Cs inventories together with erosion and deposition rates 

estimated by PM and SBMB from the bottom to the top of the slope at an agricultural field of 

200x400 m2 in Ulukent is shown in Fig.4. 

The average erosion and deposition rates in this site by PM and SMBM are -22 t ha-1y-

1 and +5 t ha-1y-1 , -26 t ha-1y-1 and +5 t ha-1y-1 respectively. 

The data (21.9 t ha-1y-1) of the USLE, an alternative approach, obtained by the 

Institute of Aegean Tillage Research in 1985 are compared with the present results of 137Cs 

technique in Ulukent site. It is observed that USLE results are closer to PM data (-22 tha-1y-1). 

 

 

 

 

 

 

 



    Fig 4. 

 

 

 

 

The average erosion rates (-24 and-27 t ha-1y-1) estimated in Kestelli by two models 

are found to be close to average deposition rates (+19 and +27 t ha-1y-1) likely due to the fact 

that the land has almost uniform slopes and the bottom fields of this site have been circulated 

by small mounds. Fig 5 shows the spatial distribution of 137Cs inventories, erosion and 

deposition rates in Kestelli site. 

 

 

 

 

    Fig 5. 

 

 

 

 

 

 

The average erosion rates at Yartepe are -22 and -26 t ha-1y-1 by PM and SMBM 

respectively, whereas deposition rates are +13 t ha-1y-1 for both models. The difference 

between erosion and deposition rates may be attributed to the soil leakage through a hollow 



type erosion at the bottom of the deposition area. Fig 6. shows spatial distribution rates 

determined from 137Cs data in this site. 

 

 

 

 

     Fig 6. 

 

 

 

 

 

 

At Karkınkoy, both of the average soil loss and gain rates are higher than those of 

other sites. Besides, the deposition rates (+43 and +55 t ha-1y-1) are significantly above the 

erosion rates (-28 and -33 t ha-1y-1) by both models. This would be due to the varying slopes 

with natural sets of small mounds at the end of the downhills. The spatial distribution of soil 

loss and gain data calculated from 137Cs inventories is given in Fig. 7. 

 

 

 

 

 

 

 



 

 

 

 

 

   Fig. 7 

 

 

 

 

 

Minumum erosion rates (-15 and -16 t ha-1y-1) are obtained by both models at Kırtepe 

site. It would be due to fact that the landscape does not have any significant slope inclination 

more than 10%. The average soil loss and soil gain measured are very close to each other at 

this site as it is the case at Kestelli. It would be because of the artifical mounds made  by 

villagers along foot slopes to prevent the soil leakage into watering channel that lays straight 

along the bottom fields. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

     Fig.8 

 

 

 

 

 

 

 

 

 

 

 

5. Discussion and Conclusion 

Although PM and SMBM are the most commonly used theoretical models for 

estimating soil erosion rates from 137Cs measurements on cultivated soils, there are significant 



deviations among data obtained from both models especially at high soil erosion rates (>30 t 

ha-1yr-1). 

 As pointed by Nouira et.al.(2003) PM does not take into account the dilution of 137Cs 

concentrations in the soil within the plough layer, resulting from incorporation of soil from 

below the original plough depth due to surface lowering by erosion , so the results obtained 

by this model in the present study likely underestimate the actual rates of soil loss. SBMB 

approach that takes into account the effect of mixing of the subsoil containing no 137Cs from 

below the plough depth into plough layer gave higher values for soil loss rate as it is observed 

in some other reports ( Nouira et.al. 2003,  Bouhlassa et.al. 2000). This effect is clearly 

observed in Fig.3 which compares the erosion rates estimated with two models. Relative 

deviations occurred between the results of two models increase with increasing 137Cs loss 

relative to local reference inventories as it is the case at Karkınkoy site. 

The estimated average erosion rates in the study catchment seem to be relatively high 

taking into account the mean annual rainfall data and topographic properties of the land. 

These results have shown that the major influence arises from water erosion but there is also a 

significant effect of tillage contribution in soil movement.  
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Fig.1. General view of the basin 

 



 

    Fig. 2. The variation of 137Cs concentrations with depth at different soil profiles in 

Ulukent Site 

 

Fig.3. Erosion and deposition rates estimated using PM and SMBM in cultivated sites of 

Gediz Basin. 



Fig.4. Spatial distribution of erosion and deposition rates determined from 137Cs data at 

Ulukent agricultural site. 

 

Fig.5. Spatial distribution of erosion and deposition rates determined from 137Cs data at 

Kestelli agricultural site. 



 

Fig.6. Spatial distribution of erosion and deposition rates determined from 137Cs data at 

Yartepe agricultural site. 

 

 

Fig.7. Spatial distribution of erosion and deposition rates determined from 137Cs data at 

Karkınkoy agricultural site. 

 



 

Fig.8. Spatial distribution of erosion and deposition rates determined from 137Cs data at 

Kırtepe agricultural site. 



 

 

 

 

 

 

 

 

 

 


