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ABSTRACT  

Water erosion is one of the main forms of soil degradation and among the diverse factors that affect it, two of 
great importance are the soil cover and slope. Estimates of sediment distribution rates associated to the different 
uses and soil management practices are scarce and the employed methods in these determinations are in general 
costly and time consuming. Rates of sediment redistribution evaluated by means of the 137Cs technique are 
based on the comparison of inventories of individual points of a given position and an inventory of reference, 
whose value represents the amount of 137Cs of “fallout” origin that was added to the local site. This allows 
evaluating situations of losses and accumulations of sediments by the erosive process. The objective of the 
present work was to analyze the sediment production in a pasture area and to measure the efficiency of riparian 
forests in trapping the erosion sediments coming from pasture, through the“137Cs fallout” redistribution analysis. 
The study was carried out in Jandaia/GO, Brazil, in two dowslope transects located in a pasture area. Samples 
were taken from seven points of two 140 m long transects, as well as from three soil profiles of a 15 m transect 
in the downstream riparian forests of each transect. Soil profiles were sampled in three layers of 20 cm (0-20, 
20-40 and 40-60). The soil samples were air dried, sieved and then analyzed for 137Cs activity by a gamma ray 
detector (GEM-20180P, EG&ORTEC) coupled to a multichannel analyzer at CENA/USP. The results indicate 
variations of 137Cs activity in soil profiles and high erosion rates to the riparian forest to the pasture areas of the 
two transects, showing sediment movement from the pasture area to the riparian forest, which suggests that the 
current width of the forest is not wide enough to trap the sediments produced upslope in the pasture area.   

1. INTRODUCTION  

In Brazil, there are 178 million hectares of pastures, of which, 44% are in natural fields and 
56% in cultivated areas. In these areas, the fast expansion occurred from the decade of 70. In 
the end of the decade of 90, the area of cultivated pastures, in Cerrado, already occupied 49, 5 
million hectares, it means 50% of total area of pasture cultivated in the country [1]. This great 
growth of the pastures in the Cerrado region can cause great soil losses by erosion to the 
incorrect handling of these areas.  

One innovative technique of evaluation of the losses and real accumulations of sediments by 
the erosion process is the method that uses the analysis of the redistribution of "fallout" of 
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137Cs, initiated for [2]. In Brazil the use of this technique comes growing in the last years and 
is distinguished by the works of [3], [4], [5], [6]. The potential and the limitations of the 
technique are boarded at great length in [7], [8]. The methodology found is described in [9].  

The rates of redistribution of sediments by means of the technique 137Cs are estimated on the 
basis of the comparison of inventories, (total activity of 137Cs of a soil profile, in Bq 
(Bequerel) or dps (disintegration per second), per unit of area, in m2), of individual points 
sampled in a determinate place and inventory of reference taken in a plan area, not eroded 
and after the peak of "fallout" occurrence in 1963 and 1964 in the hemispheres North and 
South, respectively, whose value represents the amount of 137Cs proceeding from "fallout" 
added to the soil in local conditions. This allows evaluating situations of losses and 
accumulations of sediments for the erosive process.   

Considering that 81% of the territory of GO is occupied by farming systems, this region have 
a large potential for sediment production originated by the soil use. This work has an 
objective to evaluate the production of sediments in pasture area and the performance of the 
native forest in the retention of these sediments, using the technique of 137Cs in the region of 
Jandaia – GO/Brazil.   

2. MATERIAL AND METHODS  

2.1 Experimental area  

The experimental area, which belongs to Rio dos Bois Basin is located in Jandaia-GO, Brazil, 
at coordinates 17o09'15''S, 50o15'39''W and 539 m above sea level. The soil of the area is a 
Cambisol. The area is cultivated with pasture since 1980 when the original soil covering 
called “Cerrado” was changed by rise crop and later by the maize crop. In 1986 the area 
passed to be cultivated with pasture, being used a corrective fertilization and in recent years 
wasn´t used corrective fertilization in the area.   

In the pasture area, were sampled three soil profiles in two parallel transactions of 120 meters 
each one by the higher point of the area until the entrance of the native forest, in the direction 
of the declivity.  

In the forest, located in the down side of the pasture, three soil profiles were sampled in a 
transaction of 20 m length, correspondent to the total width of the forest. In trenches, all the 
profiles of soil were sampled in three layers of 20 cm (0-20, 20-40 and 40-60 cm). To apply 
the 137Cs methodology, soil samples were collected in an undisturbed area cultivated with 
pasture since 1962 (before the peak of "fallout" of 137Cs in the South hemisphere) after the 
removal of the native forest.   

The average value of 137Cs measured in the analyzed profiles of soil in this area is considered 
a reference inventory and all the calculations of redistribution of sediments are based on the 
value of reference inventory. In this area were collected soil samples in a trench of 15 x 15 
cm, in layers of 5cm of thickness, relative to the layers between 0 the 35 cm of depth.    
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2.2 Determination of Erosion Rates Using 137Cs Technique  

Soil samples taken from the reference site and from the study area plots were analyzed for 
137Cs activity at CENA using a HPGE Coaxial Detector (GEM-20180P, PopTop) which 
presents a detection efficiency of 0.7% for the adopted geometry (1 litter Marinelli Beakers) 
[10]. The minimum detectable activity is of the order of 0,2 Bq kg-1. Due to the very low 
137Cs activity of the soil samples and the very low detection efficiency, the counting time was 
extended to a minimum of 24 h. The quantification of 137Cs loss (or gain) on each profile of 
the plots was made by comparison of each plot inventory with the reference site average 
inventory, according to Equation. (1):  
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A

AA

refCs

refCspCs

Cs

  

(1)  

where Cs is the percentage of redistributed 137Cs, loss (negative value) or gain (positive 
value), ACsp (Bq m-2) is the 137Cs inventory of each plot profile, ACsRef (Bq m2) is the average 
137Cs inventory at the reference site. The conversion of CsRed (%) values into rates of soil 
erosion (or deposition) E (Mg ha-1 year-1), was made using the proportional model presented 
by Walling and He [11], according to Equation. (2):  
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(2)  

where 

 

is the soil bulk density (kg m3), Z is the plowing depth (m), T is the time since fallout 
occurred (years) and P is a particle size correction factor.   

3. RESULTS  

3.1 137Cs activity in pasture area 

Average inventories of 137Cs (Bq m-2) obtained in the depths of 0-20, 20-40 and 40-60 cm in 
pasture area and in the native forest, in two studied transects, are presented in figures 1 and 2:  

According to figures 1 and 2 it’s possible to see that the points located in the pasture area had 
presented the biggest values of activity of 137Cs in relation to the points located in the native 
forest. The average inventory in the area of pasture in transect 1 was of 290,75 Bq m-2 and the 
average of the inventories for the native forest in this same transect was of 187,08 Bq m-2. 
Analyzing the average of the inventories for transect 2, it’s possible to notice that the average 
of the inventories for the pasture points was of 799,27 Bq m-2 and the points sampled in the 
native forest presented an average value of 206,08Bq m-2.  

Comparing the distribution of the activity of 137Cs in transect 1 (figure 1) in the three sampled 
depths it’s possible to notice that in all the sampled points the 137Cs activity was concentrated 
in the layer of 0-20 cm with exception of point JP7 that presented the biggest value of 137Cs 
activity in the layer of 20-40 cm, not presenting 137Cs activity in superficial layer.   
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Figure 1: Average inventories of 137Cs of the pasture area (transect 1). JP1 to JP7 represent 
the sampling in pasture area and JP8 the JP9 represent the sampling in native forest. 
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Figure 2: Average inventories of 137Cs in pasture area (transect 2). JPr1 to JPr7 represents the 
sampling in pasture area and JPr8 the JPr9 represents the sampling in native forest. 
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According to figure 2 (transect 2), in the same way as in transect 1, the 137Cs activity was 
concentrated in the layer of 0-20 cm in all sampled points with exception of the JPr6 point 
that presented the biggest value of 137Cs activity in the layer of 20-40 cm.   

4.7 Erosion and sediment deposition rates in pasture area   

In figure 3 are presented values of erosion rates (+) and deposition of sediments (-) in two 
transects, estimated by 137Cs technique in Mg ha-1 year-1 in pasture area.   

JP1 JP2

JP3 JP4

JP5 JP6 JP7 JP8 JP9

JP1r

JP2r JP3r

JP4r

JP5r

JP6r

JP7r

JP8r JP9r

-800

-700

-600

-500

-400

-300

-200

-100

0

100

-100 -80 -60 -40 -20 0 20

M
g

 ha
-1year -1

Pasture                                                                Forest
Distance (m)

JP - T1

JP - T2 

Figure 3: Values of erosion (+) and sediment deposition (-) in Mg ha-1 year-1 determined by 
137Cs technique in pasture area.   

The rates of erosion and sediment deposition were estimated by equation 2 [11] described in 
item 3.3, considering soil bulk density  in the layer of 0 the 20 cm in this area of 1103,0 kg m-

3. In figure 3 it can be observed in two transects (T1 and T2) had sediment deposition in 
almost all the studied points. In T1 points JP1, JP2, JP5 and JP6 presented soil losses by 
erosion, in T2, just JP5r presented soil loss by erosion, other points of the transect presented 
sediment deposition.   

In T1, in pasture area, values of soil loss and gain varied between 7,711 Mg ha-1 year-1 of soil 
loss by erosion in JP2 to 83,425 Mg ha-1 year-1 of soil gain by sediment deposition in point 
JP3. In native forest, two analyzed points presented soil loss by erosion, this probably was 
given for the fact of the native forest has only 20 meters of length doing the sediment reach 
easily the river in down side. 

 

In T2, in pasture area, values of soil loss and gain varied between 11,244 Mg ha-1 year-1 of 
soil loss by erosion in JP5 to 764,44 Mg ha-1 year-1 of soil gain by sediment deposition JP4. 
In native forest, two analyzed points also presented soil loss by erosion, this probably was 
given for the fact of the native forest has only 20 meters of length doing the sediment reach 
easily the river in down side.  
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3. CONCLUSIONS   

The results indicated a great transport of sediments from pasture area to native forest showing 
the width of the native forest is not enough to trap the sediment of the pasture area. Both 
transect presented transport of sediments in pasture area to native forest. The biggest values 
of soil loss by erosion occurred in transect T2. 
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