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Abstract: The combined use of 137Cs and 7Be for assessment of medium- and short-
term soil erosion rates for sloping lands with and without soil conservation technologies 
in the Central Highlands of Vietnam has been carried out. Studies were performed at 
five 128 m2 runoff plots and two 0.5 ha coffee plots with the slope gradient of about 
25%. Experiments carried out at runoff plots showed that: (i) In the case of low erosion 
rates (less than 30 t ha-1 y-1), soil erosion rates estimated by 7Be technique using the 
Profile-Distribution Model were consistent with net soil erosion rates obtained by runoff 
plots when particle size correction factor P is taken into account; (ii) In the case of high 
erosion rates (greater than 30 t ha-1 y-1), the conversion model overestimated soil erosion 
rates when P was not allowed for, and underestimated erosion rate when P factor was 
taken into account.  
Studies carried out at two 0.5 ha coffee plots showed that: (i) For the plot without soil 
conservation, soil erosion occurred for all sampling points with medium-term erosion 
rates ranging between 1.2 t ha-1 y-1 and 35 t ha-1 y-1 (the average erosion rate was 22.7 ± 
1.2 t ha-1 y-1). The short term soil erosion rate estimated by 7Be technique was 32.7 ± 6.1 
t ha-1 y-1 for this plot; (ii) For the plot with the last seven year presence of Vetiver strips, 
about 93% of the area suffered from medium term erosion with erosion rates varying 
from 3 t ha-1 y-1 to 33 t ha-1 y-1 (the mean is 22,2 t ha-1 y-1), and medium term deposition 
occurred for only 7% of the area with the deposition rates ranging between 1,3 and 1.4 t 
ha-1 y-1, resulting in the net erosion rate of 20.4 ± 0.6 t ha-1 y-1. The short term soil 
erosion rate at this plot estimated by 7Be technique was 2.3 t ha-1 y-1. By using Vetiver 
strips as a soil conservation technology, soil erosion was almost controlled and the net 
erosion rate was reduced from 32.7 t ha-1 y-1 to 2.3 t ha-1 y-1.  

 

I. introduction 

The Central Highlands of Vietnam (11o - 16oN, 107o - 108oE) is a region located 
at elevations between 150 m - 1500 m asl., that occupy an area of 57,370 km2, about 
17.6% of the Vietnam's land. This region has become more vulnerable to erosion under 
heavy monsoon rainfalls due to deforestation. Some studies carried out in the period of 
1992 - 1997 (Luong Duc Loan, Ho Cong Truc, Nguyen Tu Hai, 1998) using 300 m2 
runoff plots reported that soil erosion rates ranged between 5 t ha-1 y-1 and 105 t ha-1 y-1 
depending on vegetation cover and soil conservation practices.  

During the last three decades, fallout radionuclides in particular 137Cs have 
successfully been used in studies of soil erosion and redistribution (Ritchie, 1974; 
Longmore, 1983; McHenry, 1985; Loughran, 1990; Sutherland, 1992). In recent years 
besides 137Cs, radionuclide 7Be has also been used for studying short term soil erosion 
(Wallbrink P.J., 1996; Walling, 1999; Zapata, 2003). In this study, 137Cs and 7Be were 
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applied for assessment of soil redistribution patterns and rates of soil loss on sloping 
land cultivated with coffee in the Central Highlands. 

II.  RESULTS AND DISCUSSION  

2.1.  Validation of Conversion Models 

Conversion Models were tested using 5 runoff plots at Dalat which have the 
same area of 127.5 m2 (17 m x 7.5 m) and the slope of about 25%. When soil samples 
were taken in the plots for estimation of erosion rates using 7Be, eroding soils in the 
sediment traps were also collected. By this way we can compare the net soil loss 
obtained by runoff plot with the estimate of 7Be technique, and the validity of conversion 
models can be examined. Results showed that: 

- In the case of low erosion rates (less than 30 t ha-1 y-1), soil erosion rates 
estimated by 7Be technique using the Profile-Distribution Model were consistent with 
net soil erosion rates obtained by runoff plots when particle size correction factor P is 
taken into account.  

- In the case of high erosion rates (greater than 30 t ha-1 y-1), the conversion model 
overestimated soil erosion rates when P was not allowed for, and underestimated erosion 
rate when P factor was taken into account.  

- Shallow penetration of 7Be in soil and high soil erosion rate account for the big 
difference between the net soil loss and the result given by the Profile-Distribution 
Model. This conversion model will give results not close to real values when it is applied 
for estimation of soil erosion at high sloping areas in the Central Highlands. 

2.2. Assessment of the effectiveness of soil conservation for Vetiver grass 
strips 

2.2.1. Study area 

The study was carried out in  the 1.5 ha coffee plantation field (11035N; 
108003E) located at the elevation of 980 m with the mean annual rainfall of 2590 mm, 
where six year old coffee trees stood 1.2 - 1.5 m apart. In this field two plots each of 0.5 
ha (84m x 60m) were laid down. One plot was used for testing soil conservation 
practices, in which seven 0.4m wide Vetiver strips created in the year 2000 to reduce 
surface flow rates and to retain eroding soil. According to soil classification of FAO-
UNESCO these plots were built on Xanthic Ferralsols. The mean slope gradient of the 
plots is about 25%.  

2.2.2. Results 

2.2.2.1. 137Cs and 7Be depth distribution at 
reference sites 

a)  Depth distribution of 137Cs 

The depth distribution of 137Cs at the 
reference sites was shown in Figure 2.1. The mean 
reference inventories of 137Cs was 430 ± 26 Bq.m-

2. By using the Regression Model (P.D. Hien et 
al., 2002) described the relationship between the 
137Cs inventory at virgin sites I (Bq m-2) and 
latitude L (degree) and annual rainfall AR (m), 
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Fig 2.1: The depth distribution of 137Cs 

in undisturbed soils at  virgin site 
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137Cs inventories ranged between 348 and 533 Bq m-2 (the mean value: 431 Bq m-2). The 
predicted values are consistent with experimental values in the range of uncertainties. 

b)  Depth distributions of  7Be 

The depth distribution of 7Be at reference site was shown in Figure 2.2. The 7Be 
activity exhibits an exponential decline with depth for both reference sites with high 
correlation coefficients. This evidence suggests that the Profile-Distribution Model is 
appropriate for 
assessment of soil 
erosion rates at the 
study sites. The 
relaxation mass depth h0 
estimated from the 
distribution was 
8.5kg.m-2. The mean 
reference inventory of 
7Be obtained from bulk 
soil samples at 
reference site was 450 
Bq.m-2 at the time of 
sampling.  

2.2.2.2. Estimation of erosion rates and soil redistribution 

a)  Medium term soil erosion rates assessed by 137Cs 

Soil erosion rates within the coffee field were assessed by 137Cs inventories using 
the Empirical Model and the Proportional Model. Two Models gave data on soil erosion/ 
deposition rate with a difference of 10% - 20%. The mean soil erosion rate for the plot 
with soil conservation and without soil conservation was 20.4 ± 0.6 t ha-1 y-1 and 22.7 ± 
1.2 t ha-1 y-1, respectively.  

In taking uncertainties into account the difference between soil erosion rate for 
the plot with Vetiver strips and for the other without Vetiver strips is 0.5 t ha-1 y-1. This 
difference did not reflect accurately the ability of Vetiver strips in retaining eroding soil 
and the net erosion rate in the plot applied soil conservation practices for the last five 
years. In this situation 137Cs technique revealed limitations in assessing soil 
redistribution rates for the short duration of erosion as mentioned by Zapata (2003).  

The pattern of soil redistribution: 

The pattern of soil redistribution rates within two plots was showed on Figure 
2.3. Although the net erosion rates for two plots are not much different from each other 
as mentioned above, the difference of soil redistribution patterns within two areas is 
obvious. Therefore, though the use of 137Cs for quantitative assessment of the 
effectiveness of Vetiver strips in retaining eroding soil is unable, the qualitative 
assessment is quite possible in this case. The pattern of medium-term soil redistribution 
reflects areas where local erosion and concentrated flow occurred. For the plot without 
Vetiver strips, soil erosion occurred for all sampling points with medium-term soil loss 
ranging between 5 kg m-2 and 160 kg m-2. For the plot with Vetiver strips, about 93% of 
the area suffered from erosion with the soil loss varying from 5 kg m-2 to 150 kg m-2, and 
deposition occurred for only 7% of the area with the deposition rates ranging between 6 
kg m-2 and 8 kg m-2.  
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b)  Short term soil erosion rates assessed by 7Be 

Soil erosion rates: 

Radionuclide 7Be was 
applied for estimating soil loss of 
the coffee field for the duration 
of a seven month rainy season . 
Short-term erosion rates 
estimated by Conversion Models  
for the plot without Vetiver strips 
and the other with Vetiver strips 
were 32.7 ± 6.1 t ha-1 y-1 and 2.3 
± 0.9 t ha-1 y-1 respectively. With 
the presence of Vetiver strips soil 
erosion was almost controlled 
and the net erosion rate was 
reduced from 32.7 t ha-1 y-1 to 2.3 
t ha-1 y-1.  

 The pattern of soil 
redistribution: 

The patterns of short-term 
soil redistribution within two plots were showed on Figure 2.4. For the plot without soil 
conservation, soil erosion occurred for all sampling points with erosion rates ranging 
between 18 t ha-1 y-1 and 56 t ha-1 y-1 (the mean value is 33 t ha-1 y-1). For the plot with 
soil conservation practices, sediment deposition occurred for most of sampling points up 
slope of Vetiver strips with the deposition rates varying from 1,2 t ha-1 y-1 to 100 t ha-1 y-1 
(the mean value is 22,4 t ha-1 y-1), whereas soil erosion occurred for most of sampling 
points down slope of Vetiver strips 
with the erosion rates varying from 
0,4 t ha-1 y-1 to 33 t ha-1 y-1 (the 
mean value is 8,0 t ha-1 y-1). The 
sediment delivery ratio is 34.3% 
for the plot with Vetiver strips. In 
comparison with the medium-term 
soil redistribution pattern obtained 
by 137Cs data, the short-term soil 
redistribution pattern obtained by 
7Be for the plot with soil 
conservation practices suggested 
that the concentrated flow erosion 
has been declined owing to the 
presence of Vetiver strips for the 
last five years. 

III. conclusion 

Radionuclide 7Be technique can be utilized for assessment of short term soil 
erosion rates and the effectiveness of soil conservation technologies in the Central 
Highlands of Vietnam. Owing to the dry season lasting five month with a very low 
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Fig. 2.3: The pattern of soil erosion rates obtained from 

137Cs data - without hedgerow (left) and with Vetiver 
hedgerows (right). 
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rainfall, the 7Be inventory remaining in soil is very low at the end of the dry season. 
Consequently, the application of 7Be for assessment of soil erosion/ deposition rates in 
the Central Highlands has the advantage.  

When P was not allowed for, the conversion model (1) overestimated soil erosion 
rates.  When P factor was taken into account, the conversion model gave the results 
consistent with net soil loss in the range of uncertainty in the case of low erosion rates 
(less than 30 t ha-1 y-1) and underestimated soil erosion rate in the case of high erosion 
rates (greater than 30 t ha-1 y-1). Shallow penetration of 7Be in soil and high soil erosion 
rate account for the big difference between the net soil loss and the result given by the 
Profile-Distribution Model. This conversion model will give results not close to real 
values when it is applied for estimation of soil erosion at high sloping areas in the 
Central Highlands.  

By using Vetiver strips as a soil conservation technology, soil erosion was almost 
controlled and the net erosion rate was reduced 14 times compared with the control, 
from 32.7 t ha-1 y-1 to 2.3 t ha-1 y-1.  
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