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Abstract: Soil erosion is the most important soil degradation process in Iran’s agricultural lands. However, only
limited data are available on the actual magnitude of soil erosion. The study area was a dry farming land located
in Koohin, Qazvin province, Iran. Cs measurements were undertaken on 44 soil samples collected within a137

seven hectares cultivated field were used to determine the magnitude and spatial pattern of medium-term soil
redistribution budgets. The mean erosion and deposition rates were estimated to be 14.2 and 11.1t ha  yr1 1

respectively using Mass Balance Model 2. The Mass Balance Model 3 was applied to highlight the contribution
of tillage effect in soil redistribution. The results showed that the contribution of tillage on soil redistribution
during last 50 years was not negligible. However, water erosion is the main process which influences the soil
removal  from  the  field,  while  tillage  erosion  acts as  a  translocation process within the field. The net soil
loss  reached  4.6t  ha  yr   which  was  relatively higher than the results of erosion plots in the study area.1 1

The complex geomorphology of the study field appeared to have a remarkable impact on soil redistribution rates
which could not be completely represented by enclosed erosion plots.
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INTRODUCTION Caesium-137 is an anthropogenic radio-isotope, with

Globally, climate changes  and  mismanagement of stratosphere and distributed globally during the  testing
the land tend to accelerate soil degradation [1]. Soil of thermonuclear weapons in the late 1950s and early
erosion is the most important  soil  degradation  process 1960s. It is rapidly and strongly adsorbed to fine soil
in dry farming  lands  of  Iran.  Due to the intensification particles upon reaching the Earth's surface, thus making
of agricultural practices leading to unsustainable it an ideal tracer to evaluate soil redistribution rates
managements (e.g. inappropriate tillage practices, qualitatively and quantitatively [5].
overgrazing), arid and semiarid climates and steep slopes, The  use  of Cs  measurements  to reach estimates
especially dry lands, are under serious threat. Only limited of soil redistribution rates offers miscellaneous
data  are  available  on  the  magnitude of soil erosion. advantages  over  conventional  approaches. In
Thus, it is essential to collect reliable information on the particular, the ability of Cs  measurements  to provide
soil loss rates to quantify the severity of erosion and to point estimates of medium-term average rates of soil
design effective strategies for soil conservation. redistribution for the natural landscape and on the basis

In view of the many limitations associated with of a single site visit, must be seen as fundamentally
traditional approaches  to  documenting  soil  erosion exceptional [6].
rates [2], the potential for using Fallout Radionuclides Conversion  models  have  been developed to
‘FRNs’ as tracers in soil erosion investigations has been estimate soil loss rates and soil movements from
increasingly exploited [3]. FRNs, particularly Cs, have measurements of the increase or decrease in the soil Cs137

proven to be very powerful tracers of soil redistribution in inventory which is relative to a local reference inventory
the landscape [4]. [7]. The conversion models for cultivated lands such as

a half-life of 30.2 years that was released into the
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Proportional Model (PM) and Mass Balance Models of the initial Cs fallout. For the reference site, three bulk
(MBM) have been successfully used to quantify the rates samples with 1m distance were collected to determine the
and patterns of soil redistribution [5]. initial Cs fallout activities. Sectioned soil samples were

Since the mid-1990s in Iran, several studies reporting collected from 0-40 cm in 2 cm increment using scraper
the use of Cs as soil tracer were carried out for example plate [12] (Fig. 3).137

Afshar et al. [8]; Honarjo et al. [9]; Gorji et al. [10]; At the cultivated agricultural site, a multi transect
Shaoie, [11]. Soil erosion in Koohin, Qazvin area is an sampling approach was adopted. A total of 44 bulk soil
important problem for the sustainable management of cores were collected along 4 parallel transects in the main
cultivated lands, where the topography, the heavy slope direction (Fig. 1). The sampling points along the
rainfalls which occurring during the late winter and early transects were spaced by a distance of 25 m. Soil sampling
spring without major vegetative cover in  combination was performed using a soil column cylinder auger with an
with inappropriate  land  management  made the soils to inner diameter of 8.3 cm to a depth of 40 cm until 50 cm
be susceptible to erosion. The objectives of this (for the points at the bottom of the slope where soil
investigation were to quantify the soil erosion rate using deposition was expected) to ensure that all Cs soil

Cs technique in an agricultural field under semiarid content will be retained.137

climatic condition and to assess conversional models to
estimate the rates of redistribution from the soil Cs Soil Samples Pre-Treatment and Gamma Spectrometry137

inventory. Measurements: All samples were air dried, disaggregated,

MATERIALS AND METHODS that the sub-sample taken for analysis was representative

Study Area and Soil Sampling Design: The study site Marinelli beakers of 500ml. A P-type coaxial HpGe
located in Koohin (49° 36 W, 36° 22  N) ca. 40 km north detector (Eurasis Measure Company), with 80% relative/ /

east  from  Qazvin,  is  an  experimental   station  called efficiency, a standard NIM and resolution 1.8 keV at
“Soil and Water Conservation Research Station of Tehran gamma-ray energy 1332.5 keV of Co was utilized to count
University” (Fig. 1). The average altitude is about 1354 m samples. The detector was calibrated for Cs
a.s.l and the landscape is characterized by gentle to fairly measurements at 662 keV using soil standards. The
steep slopes (4–20%). Long-term average precipitation validity of calibration was checked by using IAEA
and air temperatures are 330 mm yr  and 12.1°C yr reference materials consisting of Soil 6 and Soil 375.1 1

respectively. The soil is classified as Vertic Calcixerepts Depending  on  sample  activity,  count times varied from
[10]. 12 to 24 h.

Within the station, conservational operations
including grazing control, broad-base terraces and Conversion Models
contour farming have been established around 40 years Proportional Model: The Proportional Model (PM) was
ago, while outside the station no soil conservational used to estimate soil erosion rates based on Cs
operation has been done and soil cultivation is performed inventories. The model is based on the simple hypothesis
in  the  main  slope  direction with slopes reaching 21% that Cs fallout inputs are entirely mixed within the
(Fig.  2).  Crop  rotation  in  the  station  is  lentil  followed cultivation layer and that the soil lost depth due to
by  wheat  and  then  fallow.  A  hill  slope with about erosion during the period since the beginning of Cs
seven hectare areas and an average slope of 9%, was fallout is directly proportional to the reduction in the Cs
selected to test the application of the Cs technique and content of the soil profile relative to the reference137

to collect preliminary information on rates of soil inventory [13]. The basic equation of the proportional
redistribution. model can be expressed as:

One of the most important steps in using Cs137

method is to select a suitable reference site, since Cs (1)137

inventories in the study area was compared with reference
inventory  to  assess  erosion  and  deposition  rates [5]. where d is depth of the plough layer (m), B is bulk density
An undisturbed small pasture with no inclination and of soil, T is time elapsed since beginning of Cs fallouts
covered by perennial grass within the station was chosen (yr) and P is the particle size factor, which provides the
as the reference site (Fig. 1 and 3). It was close to study particle-size selectivity of erosion and deposition
area ca.800m distance, to be as representative as possible processes [13].
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Fig. 1: The study field, its location within Qazvin, Iran, its DEM and the position of the 4 transects from which bulk soil
samples were collected. The locations of Broad-Base Terraces are also shown by lines

Fig. 2: A view of cultivated site and soil tillage practices inside and outside of research station of soil and water
conservation

Fig. 3: A view of the reference site and incremental soil sampling using scraper plate
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Mass  Balance  Models:  For  the agricultural field, the point. The soil redistribution budgets at this point owing
Mass Balance Model 1 (MBM 1) [13] was carried out for to tillage are represented as follows:
estimating soil erosion based on the results of the soil

Cs inventory. Model assumes that the Cs fallout R  =  sin  / L137 137

occurred in 1963, instead of a period from the mid-1950s to R  =  sin  / L (5)
the mid-1970s. For an eroding point (A(t)<A ) assumingref

a constant rate of surface lowering L(m yr ) the total where  is a constant associated with the tillage practice1

Cs content at year t (yr) can be represented as follows: used;  and are slope angles of the ith and (i -1)th137

(2) In Equation (4) R corresponds to the rate of soil

The refined Mass Balance Model 2 (MBM 2) [14] (t) are the Cs contents of the sediment associated with
was  used for estimating mid-term rates of water-induced tillage input, tillage output and water output. The net
soil erosion. This model can be expressed as: erosion rate R is based on the following equation:

(3) R = R  – R  + R (6)

where A(t) is the Cs inventory (Bq m ); R is the soil More details on models, as well as the determination137 2

erosion rate (kgm  yr ); d is the cumulative mass depth of the parameters to run the models have been reported2 1

representing  the  average plough depth (kg m ); l is the by Walling et al. [13]. In this study, four models, PM,2

decay constant for Cs (yr ); I(t) is the annual Cs MBM 1, MBM 2 and MBM 3 were assessed to estimate137 1 137

deposition at time t (Bq m  yr );  is the proportion of the rates of redistribution from the Cs inventory.2 1

the freshly deposited Cs removed by erosion before137

being mixed into the cultivation layer. For Cs, the RESULTS AND DISCUSSION137

annual flux I(t) is represented as: I(t) = I A  / A .n ref n

Where I  is a hypothetical record of annual Cs At the undisturbed site, the mean Cs inventoryn
137

deposition fallout for a site in the northern hemisphere was 2195 Bq m . This reference inventory is also within
based on the data of Cs flux to the hemisphere (Bq m the expected range of values based on previous studies137 2

yr ); A  (Bq m ) is the current content for the [10] on soil erosion in Koohin using the Cs technique.1 2
n

hypothetical Cs fallout record. The Cs activity of the profile is presented in Fig. 4.137

 is represented as  = P (1– e  where  is the Ninety percent of the Cs is contained in the top 18cmR/H

proportion of the annual Cs deposition prone to and concentration decreased exponentially with depth.137

Cs was not observed beyond 35 cm or it was with2

depth of the initial distribution of Cs in the soil profile concentration lower than their respective detection limit.137

and  is the proportion factor that depends on the The Cs inventories in the study field ranged
temporal distribution of the rainfall with regard to the between 662 and 3548 Bq m (Fig. 5) with a coefficient of
cultivation time [14]. variation (relative standard deviation) of 30%. Most of the

The Mass Balance Model 3 (MBM 3) [14] was tested Cs activities of the soil cores collected in the cultivated
as  well  to  estimate  the  tillage  effect  on soil erosion. field were lower than the reference inventory. From the
This model is based on Cs inventories performed along Cs measurements, the rates of water induced soil137

slope transects in the main slope direction. It is erosion were estimated by using the PM MBM 1 and 2
represented as the following equation: according to Walling et al. [13]. Erosion rates were

soil.  The  parameters  of  the models were determined

(4) follows:

where R and R are the rates of soil loss and soil gain d = 260 kg m , A  = 2195 Bq m ,  = 0.5, H = 4.0 kg m ,t,in t,out

related to the tillage input and tillage output at the study p = p = 1.

t,out i i

t,in i–1 i

i i-1

segments and L  is the slope length of the ith section.i

w,out

loss produced by water erosion and C (t), C  and Ct,in t,out w,out
137
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Fig. 4: Depth distribution of Cs activity in the reference site137

Fig. 5: Map of Cs inventories (Bq m ) using IDW, showing the distribution of sampling points and position of137 2

broad-base terraces

The erosion and deposition rates in the study field the fate of fresh fallouts, in which PM and MBM 1 models
ranged between 0.01- 35 and 2.3-24.7 t ha  yr failed to take into account. Due to this fact a significant1 1

respectively  using  PM,  ranged  between 0.02-65.6 and proportion of the fresh fallout may be removed by erosion
3.7-36.6 t ha  yr  respectively using MBM 1, ranged before its incorporation into the soil by tillage and the1 1

between 0.02-44.2 and 2.3-22.5 t ha  yr  respectively fresh fallout will be sequestered very adjacent to the1 1

using MBM 2 and ranged between 1.3-44.8 and 0.5-23.9 t surface, thus it is considered as the essential factor in
ha  yr  respectively using MBM 3. conversion models.1 1

The  mean  erosion  rates  by using PM, MBM 1, The net soil loss using MBM 2 and MBM 3 reached
MBM 2 and MBM 3 were estimated to be 15.1, 22.4, 14.2 4.6 and 5.7 t ha  yr  and demonstrated that the
and 15.6 and the mean deposition rates were 12.1, 18, 11.1 contribution of the tillage process during the last 50 years
and 12.1t ha  yr  respectively (Table 1). The erosion was not significant because soil cultivation has been1 1

and deposition rates estimated by MBM 1 were more than performed against the main slope direction for more than
other models which was in accordance with the results of 40 years. Benmansour et al. [18] found similar results in
Theocharopoulos  et al.  [15],  Nouira  et al. [16] and Morocco using MBM 2 and MBM 3 models. This result
Afshar et al.  [8],  because  it   fails   to   consider  the approves that water erosion is the main process of the soil
time-dependent behavior of the fallout input and more loss from the field and that tillage erosion acts as a
significantly the fate of fresh Cs fallouts. Proto and translocation process within the site without a137

Walling [17] addressed the importance of considering of considerable effect on the net erosion.

1 1
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Table 1: Soil redistribution rates (t ha  yr ) based on PM, MBM1, MBM2 and MBM3 models1 1

Erosion and deposition rates  (t ha  yr ) PM MBM1 MBM2 MBM31 1

Erosion range 0.01-35 0.02-66 0.01-44 1-45
Mean erosion 15.1 22.4 14.2 16.9
Mean deposition 12.1 18.0 11.1 11.3
Gross erosion 9.4 13.9 8.8 10.1
Gross deposition 4.6 6.8 4.2 4.5
Net erosion 4.8 7.1 4.6 5.7
Sediment Delivery Ratio (%) 50.9 50.7 52.0 55.7

Fig. 6: Map of soil redistribution (t ha  yr ) using IDW1 1

The sediment delivery ratio (SDR) was about 50% for slopes. Nevertheless, Porto and Walling [17]
all models, which indicated the half of the mobilized soil demonstrated the validity of the fallout radionuclide for
was removed from field and therefore, remaining 50% estimation of soil redistribution by comparison with the
redeposited inside the field. This is a logical result based measured values of erosion plots in southern Italy.
on the fact that the soil cultivation is done against the An erosion study was conducted by Moshtagh et al.
main slope direction. [22] outside the research Station of Soil and Water

Erosion measurements (2010–2012) from standard Conservation, adjacent to the present study site. Cs
runoff plots located in the station reached 1.2t ha  yr technique was used in a field without soil conservation1 1

[19] which was lower than net erosion rate estimated by practices such as channel terraces in which the soil
Cs technique. Since Cs measurements not only cultivation is done in the main slope direction. The net137 137

integrates  all  processes involving soil particle movement erosion rate was estimated to be 12t ha  yr  resulting in
(both water and tillage erosion) but also considers the a sediment delivery ratio of 96% using MBM 2. The high
inappropriate  management  of  the  field  in  the  past net soil erosion rates obtained for outside of the station
(when tillage had been performed in the main slope are  most  likely  the  result  of  the   conventional  and
direction for 10-year period) and sever storm events with non-sustainable agricultural practices. The comparison of
higher return periods. Moreover, the complex these results with our findings indicated the effectiveness
geomorphology of the study field apparently has a of soil conservation measures on reduction of soil loss.
considerable influence on erosion or deposition rates Experimental variograms for the soil redistribution
which cannot be entirely represented by enclosed erosion rate of the cultivated site calculated from the Cs results
plots. Iurian et al. [20], Junge et al. [21] and Loughran [2] were fitted. The geostatistical analysis of the dataset
found the same disparity between the rates of soil loss represented a very weak spatial structure with a high
measured with the erosion plots and the Cs technique. nugget effect, a low ratio scale to sill and a non-significant137

They concluded that small runoff plots are unable to coefficient of correlation (r2<0.3). This clearly is due to
replicate the conditions associated with longer natural existence  of  channel  terraces  which  led  to  high  spatial

137
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