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1. Background and objectives

Afghanistan remains very poor, and the living standards are among the lowest in the world.
Almost 80% of the population depends on agricultural activities and 90% of the population lives in
rural areas. Agriculture plays an indispensable role in their livelihoods. Although total arable land is
12%, only 6% is cultivated. The climate of the country is arid and semi-arid with cold and relatively
rainy in winter and hot summer. Rainfall is infrequent with very low precipitation around 300 mm
yr' annually, but having high rainfall intensity. Afghanistan is suffering from lack of data,
information, particularly soil and water conservation plans. Therefore, soil erosion is one of serious
problems throughout the country due to the topography of the landscape, arid and semi-arid climates,
barren nature of the land and desertification. However, little attention has been paid to address soil
erosion problem in the country, particularly in Paktya Province. Hence, this study was conducted to
estimate soil erosion through the application of the Universal Soil Loss Equation (USLE) on GIS and
to discuss the effective conservation practices. As effective conservation practices, crop management
and gypsum mineral (CaSO4.2H,0) application in agricultural lands were evaluated to reduce

sediment concentration in runoff as well as soil erosion in agricultural lands.

2. Current agricultural conditions and constraints

Paktya Province is based on agricultural economic with 61% of the population depending on
agricultural activities. About 96% of the population lives in the rural areas. Most of these
agriculture-related activities fall within small-scale production systems with only a few farmers
being self-sufficient. To identify the current agricultural conditions and constraints, a questionnaire

survey was conducted in Dawlatzai Village of Gardez District, Paktya Province. The main problems



that Paktya Province is facing are; soil degradation, deforestation, inadequate of irrigation water,
poor extension services and inadequate of agricultural inputs. In addition, based on the survey
conducted in the study area, 32% of the farmers responded that soil erosion happens very severely
and 50% responded as severely. It means that more than 80% of farmers require proper conservation

strategies for holding soil fertility and reducing soil erosion.

3. Estimation of soil erosion based on USLE and GIS

Soil erosion risk mapping was done using empirical model, the Universal Soil Loss Equation
(USLE) on ArcGIS platform. The USLE model can be used as predictive tools for assessing soil loss,
conservation planning and project planning. Different components of the USLE model were used
with mathematical equations. This study identified that the rainfall erosivity factor (R-factor)
observed with an installed rainfall gauge for a year at 217.5 MJ mm ha” h” yr' made a good
agreement with that calculated at 207.7 MJ mm ha™ h™' yr' based on the annual amount of rainfall
for the Gardez Basin. Also, soil erodibility factor (K-factor) was obtained from the soil classification
map of the country. And the K factor ranged from 0.038 to 0.063 t ha h ha” MJ"' mm™. The LS factor
was calculated from Digital Elevation Model (DEM), LS factor values were in the range from 0 to
176. Crop management factor was calculated based on the national land cover map. Additionally,
there are no conservation practices for the study area; hence a conservation practice factor P-factor
was assigned 1 in the calculation. The data layers extracted for R, K, LS, C and P factors were
multiplied within the raster calculator of ArcGIS spatial analyst tool to generate the soil loss map.
Also, the land use map of the study area was prepared and the average annual soil losses from
different land uses were determined for recognizing priority areas for application of soil conservation
practice.

On the other hand, the USLE model was calibrated by the erosion pin method. The results of the
calibration indicated that the observed soil losses with the erosion pin method in the field showed

certain agreements with the calculated soil losses based on the USLE model in this study.

4. Conservation strategy by crop management and amending soil with gypsum mineral
Although there are many soil conservation practices, crop management and gypsum application
have been focused in this study. Preventing soil erosion with cultivating crops is a common farming
practice in agricultural lands. Also, gypsum mineral is an amendment widely accepted in the recent
days because of its availability in most regions and relatively low-cost. To evaluate the effectiveness
of crop management and gypsum application in reducing sediment concentration in runoff with

eliminating soil erosion in agricultural lands, a field experiment was conducted in Dawlatzai Village
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using a portable rainfall simulator. Four erosion plots, as gypsum-treated plot, clover cultivated plot,
maize cultivated plot and control plot were designed. For the gypsum-treated plot, gypsum at the rate
of 5 t ha™! was applied. The experimental results indicated that total soil losses from gypsum-treated,
clover and maize cultivated plots were reduced to 33%, 8% and 46% of that from the control, bared
plot. Gypsum mineral, slightly increased EC of surface runoff because it is sparingly soluble salt but
did not change largely the pH values of surface runoff. So, it was considered that gypsum is not a
liming agent and does not neutralize the hydrogen ion in the soil solution. As crop cultivation is
not available during the period of insufficient irrigation water in Dawlatzi Village of Gardez District,
research interest was focused on gypsum application as an alternative conservation strategy. So, an
additional experiment was conducted for discussing more detail about the effects of gypsum
application in the laboratory using two different soil textures; one is sandy loam and the other loamy
soils. The results showed that reduction in surface runoff by 38.8% was observed for sandy loam soil
and 37.0% for loamy soil texture compared to the control. Likewise, infiltration into the soils was
increased at 2.3 times for sandy loam and loamy soil textures compared to the control. Consequently,
total soil losses from gypsum-treated plots were significantly reduced to 39.7 and 18.1% of the losses
from the control for sandy loam and loam soils, respectively. Soil particles were well flocculated in
gypsum-treated plot compared to the control. This flocculation phenomenon could have contributed
towards the increased infiltration into the soil and the reduced sediment concentration and soil
erosion in the gypsum-treated plot.

Accordingly, it was concluded that the conservation practice factor P-factor with gypsum
application at 5 t ha' was in the range from 0.18 to 0.40 based on the field and laboratory

experiments.

5. Evaluation of gypsum application as conservation practice factor using USLE with GIS

To determine the effectiveness of gypsum application as a conservation practice in Dawlatzai
Village, P-factor was assumed as 0.33 based on the results of the field experiments. The maximum
soil losses at 79 t ha™ yr™! from the agricultural lands without any conservation practices decreased to
20 t ha' yr' when gypsum application is done as a conservation practice. Accordingly, it was
concluded that conservation practice with applying gypsum mineral in agricultural lands in

Dawlatzai Village is one of the effective ways for reducing soil erosion.

6. Conclusions and recommendations
According to the results of the questionnaire survey conducted in the initial stage of this study, soil

erosion is one of the main agricultural problems in Paktya Province. Therefore, this study dealt with
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the estimation of soil erosion through the application of the Universal Soil Loss Equation (USLE) on
ArcGIS platform and to discuss the effective conservation practices. Although there are many soil
conservation practices being applicable in Paktya Province, crop management and gypsum
application have been focused in this study. Preventing soil erosion with cultivating crops is a
common farming practice in agricultural lands. Also, gypsum mineral is an amendment widely
accepted in the recent days because of its availability in most regions and relatively low-cost. To
evaluate the effectiveness of crop management and gypsum application in reducing sediment
concentration in runoff with eliminating soil erosion in agricultural lands, a field experiment was
conducted in Dawlatzai Village using a portable rainfall simulator. The experimental results indicated
that total soil losses from gypsum-treated, clover and maize plots were reduced to 33%, 8% and 46%
of that from the control.

As crop cultivation is not available during the period of insufficient irrigation water in Dawlatzi
Village of Gardez District, research interest was focused on gypsum application as an alternative
conservation strategy. So, an additional experiment was conducted for discussing more about the
effects of gypsum application in the laboratory using two different soil textures as sandy loam and
loamy soils. The results showed that total soil losses from gypsum-treated were 39.7 and 18.1% of
the losses from the control for sandy loam and loam soils, respectively. Soil particles were well
flocculated in gypsum-treated plot compared to the control, and it was considered this flocculation
contributed to reduce sediment concentration and soil erosion.

Accordingly, the estimated P-factor with gypsum treated at 0.33 was substituted into the Universal
Soil Loss Equation (USLE) for re-calculating the maximum soil losses in Dawlatzai Village. The
calculated results indicated that the soil losses at 79 t ha” yr' from the agricultural lands without any
conservation practices changed to 20 t ha™ yr' when gypsum application is done as a conservation
practice.

Consequently, it was concluded that conservation practice with applying gypsum mineral in
agricultural lands in Dawlatzai Village is one of the effective ways for reducing soil erosion,
especially during the period of insufficient irrigation water. It is suggested and recommended that
farmers in Paktya Province apply gypsum mineral on their farmlands for reducing surface runoft and
soil loss. Therefore, gypsum mineral application should be adopted as a policy and be provided
through agricultural extension services to farmers to enhance their knowledge and skill regarding its

benefits and proper application in their agricultural lands for reducing soil erosion.
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