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Abstract

Soil erosion is an important cause of land degradation and consequent to soil
fertility which reduces land productivity and production. This problem ag-
gravates in developing countries like Ethiopia. To minimize this challenge,
soil and water conservation with proper design is the first choice. The aim of
this study was to assess the adoption and effect of Vetiver grass on soil erosion
in Somodo watershed. Community mobilization was used to implement Ve-
tiver grass on farm lands as bund stabilization and grass strip. Accordingly,
more than 45 km (20%) of the watershed was covered by Vetiver grass on soil
bund as bund stabilizing measure. The hedge was fully established within two
years and formed averagely 36 cm raised terrace. The result of the study
showed that within two years period about 36 cm soil was accumulated above
the hedgerow. From mean annual soil deposition and average bulk density of
the watershed, the mean annual soil loss was recorded 20.88 ton ha™"-year™ in
the absence of Vetiver hedge row as erosion barrier. In addition, field slope
was reduced on average by 2.5% due to soil accumulated above Vetiver hed-
gerow. And phosphorus availability was found higher on the above hedgerow
than below the hedge row while, exchangeable acidity was found less above
the hedgerow than below the Vetiver hedgerow in the watershed which im-
plies soil fertility improvement. The study recommends Vetiver hedgerow as
an immediate mitigation measure for soil erosion on hill slopes and farm
lands which can be implemented through community mobilization. Further
study on how the Vetiver hedgerow improves phosphorus availability and de-
creases exchangeable acidity is also highly recommended.
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1. Introduction

Soil degradation can be described as a reduction of resource potential by a com-
bination of processes, such as soil erosion by water and wind, acting on the land
and bringing about deterioration of the physical, chemical, and biological prop-
erties of soil [1]. Land degradation is a major environmental problem in Ethi-
opia and it is manifested mainly in the form of soil erosion, gully formation, soil
fertility loss, and crop yield reduction.

In the Ethiopian highlands case, the decline of soil fertility and severe soil ero-
sion is due to water outflow on steep and fragile land that have been under in-
tensive farming [2]. Researches assessed an actual rate of erosion exceeding the
regenerating rate, which is 12 ton/ha/year. In 1986, estimations of the erosion
damage were as followed: regarding the highlands, 50% were significantly
eroded, of which 25% were seriously one and 4% of those were impossible to re-
generate [3].

Soil conservation strategy is one of the most prevention methods of soil being
eroded from land surface. These mechanisms reduce soil acidity, salinization,
chemically altered by over use and other chemical soil contaminations to retain the
fertility of soil. In Ethiopia, the agricultural sector creates employment for about
84% of the population and it accounts for 45% - 50% of the GDP of the country
and makes the largest input to raw materials for agro-industries and food security.
The cost of loss of soil and essential nutrients due to unsustainable management in
Ethiopia is estimated to be about $139 million annually [4]. He stressed that this
cost is about 3% - 4% of the agricultural GDP but where 85% of the rapidly grow-
ing population depends on agriculture; even this small percentage is critical.

Smallholder farms are pre-dominant and account for more than 90% of agri-
cultural production and cover over 95% of the total areas under cultivation [5]
[6]. However, most of their products go for their own use as they retain about
80% of their products for their own consumption [7]. Cognizant of these prob-
lems, soil and water conservation technologies were implemented in many parts
of the country for the last 30 years. These conservation mechanisms were intro-
duced mainly in some degraded and food deficit parts of the country. Thus, fa-
nyaju and level soil bund are mainly practiced in the area [8]. However, biologi-
cal conservation measures are ignored for a long period of time in the country.
But, in most parts of the world, biological conservation measures have been
practicing [9]. In Ethiopia, these biological conservation measures was started
during 1980’s when revising the soil and water conservation strategies, it in-
cluded both physical and biological conservation methods.

Runoff is made to move more gently down the slope over the soil surface and
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as it does, it is intercepted and spread out by the Vetiver strip. In using the Ve-
tiver as a green structure, the farmer does not need any mathematical formulae
or engineering designs for its establishment in the field. Even in situations where
steep slope limits the use of engineering structures and erosion continues un-
controlled, the green structure can be used without any constraint. To the far-
mer, this means food crops can be effectively grown on very steep slopes with a
reasonable level of erosion control. Studies on the use of Vetiver grass buffer
strips for soil and water conservation are still in their infancy in Nigeria [10].
Field measurements such as erosion plots, bounded runoff plot, erosion pin,
splash boards (splash erosion measurement), sequential surveys using aerial
photography and recording stations (sediment yield and discharge) are major
methods of soil erosion measurement by field measurement and experiments
[11].

In the watershed, there is no information on the rate of soil erosion and bio-
logical mitigation measures to overcome the problem. In addition, there is no
information on the effectiveness of Vetiver hedge row used as grass strip or as
bund stabilizer in the study area. Because of these, the study was initiated with
the objective of evaluating the effects of Vetiver hedge on soil erosion through

erosion pin measurement and slope change in Somodo watershed.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted at Somodo watershed, which is found at the upper part
of Abay (Nile) river basin, Oromia regional state in the South West part of
Ethiopia. It is located about 20 km from Jimma town and about 369 kilometers
to the South West of Addis Ababa, Capital City of the country. The watershed
covers about 400 ha with a total of 300 households and found in between
7'46'00" - 7'47'00"N latitude and 36 47'00" - 36 48'00"E longitude. The altitude of
the watershed varies in the ranges of 1900 to 2075 m.a.s.l. The average annual
rainfall of the area is about 1523 mm with the mean temperature of 18.9°C
ranging from 13.0°C and 24.8°C (Figure 1).

2.2. Method of Data Collection

Awareness and training for stakeholders, local farmers, woreda/district experts
and development agents were given in different time on the use of Vetiver grass
and how to plant it for soil erosion before intervention. Vetiver grass nursery site
was established at Jimma Agricultural research center and distributed for the
farmers in the watershed to be planted as a grass strip on gentle slope farm lands
and grazing lands, and as stabilizing agent for physical soil and water conserva-
tion structures, soil bund, implemented by community mobilization. During the
study about 45 km Vetiver hedgerow was planted as a grass strip and 95 km was
planted on soil bunds to stabilize the structure. This Vetiver was planted as a sin-

gle hedgerow and double hedgerows. Above and below hedgerow erosion pins
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Figure 1. Study area map.

were planted to measure the amount of soil deposited or removed at both above
and below the hedgerows.

To evaluate its effect on some soil properties and nutrient contents soil sam-
ples were taken from four location in the watershed above the hedgerow and be-
low the hedgerow; and these samples were analyzed in Jimma agricultural re-
search center soil and plant tissue laboratory for phosphorus availability, bulk
density and exchangeable acidity separately before and after Vetiver interven-
tion. Furthermore, the slope or gradient changes of farm lands at four locations
were also measured by the help of clinometers before and after intervention.

These locations were selected purposively, one from the upper part of the wa-
tershed and two from the middle of the watershed. The rest one was from the
bottom of the watershed near to the outlet. Mean annual soil loss of the wa-
tershed was determined through erosion pin measurement, which is applied

through multiplication of pin height and bulk density.

3. Results and Discussions
3.1. Effect of Vetiver Hedge on Soil Erosion

The mean soil deposited from all, four, locations above the Vetiver hedgerow
within two years was found to be 36 cm. The maximum soil deposition was ob-
served at location 2 and 3, at the middle of the watershed, and minimum at 1
and 4 locations, which were found at the upper and lower part of the watershed
respectively. This result implies that in the absence of Vetiver hedgerows on av-
erage about 36 cm soil can be removed or eroded within two years period of
time in the watershed and the inverse can occur if Vetiver hedge row is imple-
mented.

As shown in Table 1. The bulk density ranges from 1.11 to 1.20 with a mean
value of 1.16. It is clear that if 36 cm soil is deposited within two years due to

Vetiver hedge about 18 cm soil can be saved by Vetiver hedge in one year. This
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Table 1. Vetiver hedge row effect on soil erosion and bulk density.

Location Depth of soil accumulated above the hedge (cm) Bulk density (gm-cm™?)
1 33 1.11
2 45 1.17
3 35 1.16
4 33 1.20
Mean 36 1.16

also mean that in the absence of Vetiver hedge on slope farm lands similarly
about 18 cm of soil depth can be eroded from the watershed according to this
study. Using average soil eroded in one year in the absence of Vetiver which is
18 cm and average bulk density of 1.16 gm-cm™ mean annual soil loss was re-
sulted 20.88 ton ha '.year™' by multiplying mean soil depth and mean soil bulk
density.

This result is in agreement with the findings of some researchers on soil ero-
sion rate in different parts of the country. [12] has found mean annual soil loss
ranging from 7 - 243 ton ha™'-year™ for a catchment in the Blue Nile basin while
[13] found the annual soil loss of Ethiopia highlands ranges from 16 - 300 ton
ha ':year™' from pasture ranges and cultivated fields. And [14] came up with the
result of soil erosion range of 2.60 - 116.94 ton ha '-year™" in the Eastern part of
Ethiopia.

Soil moisture content on the Vetiver plots was higher than on the control by a
mean of 25.6% at 40 cm depth and 50.1% at 20 cm depth [15]. The higher mois-
ture content under Vetiver strip management is the result of reduced run-off
velocity and enhanced water infiltration during the rains. [16] came out with the
result Vetiver grass ( Vetiveria nemoralis) has great potential for reducing runoff
and soil loss by about 38.7 - 68.6.

The Vetiver strips delayed incipient runoff and reduced peak runoff rate and
steady erosion rate. The land slope affected soil loss but did not have a signifi-
cant effect on runoff. A narrow Vetiver hedge interval slightly reduced runoff
and soil loss more than a wider one. The soil loss equation obtained in this study

revealed that runoff has a higher effect on soil loss.

3.2. Effect of Vetiver Hedge on Slope

The hedge was planted on a field with a slope of 13%, 17% and 18% and after
two years of intervention the slopes of these fields were reduced to 11%, 14% and
16% due to the accumulated soil above the hedge. These hedges were currently
growing to terrace and field slope length was also reduced. The field length is di-
vided into different segments with the Vetiver hedgerows and as a result field
slope was reduced from 16.25% to 13.75% on average, which is about 2.5% slope
change due to Vetiver hedge intervention.

Due to the reduction of slope gradient and slope length soil erosion problem
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in the watershed was also reduced as some farmers stated. This is because the
hedgerows reduce the velocity of running water detaching and transporting soil
particles (Table 2).

3.3. Effect of Vetiver Hedge on Soil Nutrient

According to local farmer discussants, soil fertility and productivity around the
area is being increased after they had started to implement and adopt Vetiver
grass as a protective measure for soil erosion. As indicated in Figure 2 nutrient
availability of the above hedge row is higher than below the hedge row. This in-
dicates that, mineral contents in the soil were increasing after this Vetiver grass
planted in the watershed. Therefore, the production and productivity of the area
was increased.

The other interesting finding of this study was exchangeable acidity improve-
ment which showed increment above the hedgerow was less than below the Ve-
tiver hedgerow in all locations across the watershed. The reason is that, nutrients
that were going to be eroded by water erosion were protecting above the Vetiver
hedgerow. [17] reported soil bulk density, CEC, Organic Matter, Total Nitrogen,
Available Phosphorous, and Potassium contents, were significantly higher for
soil with Vetiver than for without Vetiver grass soil at Anno agro industry farm,
Gobu Sayo District, Oromiya region, Ethiopia. They concluded that the use of
Vetiver grass as a soil conservation practice improved soil fertility and land

productivity. Their finding was also in agreement with the finding of this study.

4. Summary and Recommendation

This study revealed that, the implementation of soil and water conservation
practices in the watershed has many advantages regarding ecosystem and sus-
taining farmers’ livelihood. The result of this study shows that, Vetiver grass
plantation and soil bund construction in the area are significantly affected the
soil physico-chemical properties as well as the production and productivity at
large. In addition to this, Vetiver grass hedge row as bund stabilization on slope
farm lands can minimize soil erosion by 20.88 ton ha™.year™' and reduce land
slope by 13.75 percent in two years. Accordingly, soil fertility can be improved

and ecosystem of the watershed is conserved through implementation of Vetiver

Table 2. Effect of Vetiver hedge row on slope.

Slope change (%)
Location
Before intervention After intervention
1 17 14
2 17 14
3 13 11
4 18 16
Mean 16.25 13.75
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Effect of two years old vetiver hedgerow on Ex-acidity and available phosphorus
in somodo model watershed

10 12 _
. £
E 8 - e
o o
e 6 - 08 g
" |
g L 06 £
2 4 >
2 04 £

T
o 2 S
o _ e | o &
Location1 Location2 Location3 Location4 Mean
P above the hedge P below the hedge

=i EXx-acidity above the hedge ===Ex-acidity below the hedge

Figure 2. Effect of two years vetiver hedgerow on ex-acidity and available phosphorus in
Somodo watershed.

hedge row in the watershed.

The study can recommend Vetiver hedge row to reduce sever erosion, in-
crease soil fertility, reduce land slope length and steepness, and can serve as wa-
tershed ecosystem conservation if it is implemented properly through commu-

nity participatory approach.
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