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1. INTRODUCTION 

In Ethiopia, land degradation due to soil erosion is the most serious ecological process threatening the 

agricultural production and food security of the country [1, 2]. The study conducted in various part of 

the country reveals that the rate of annual soil loss is varied based on local land use practices, 

vegetation coverage, soil type, topography and agro-ecology of the specific area. For instance, the soil 

loss was 14·8 t ha−1 yr−1, in Tigray highlands [3]; 30.2 t ha−1 yr−1 for Koga River [4] and extends up to 

237 t ha−1 year−1in steep area of the Geleda watershed of the Blue Nile basin [5]. According to [6], 

65.9Mg ha-1yr-1 soil was lost under cultivation land in North-eastern Wollega. The mean annual soil 

loss of the Somodo watershed, South West Ethiopia, was 18.69 ton ha-1 year-1 ranging from 0 to 

131.21 ton ha-1 year-1 [7]. Preliminary soil loss and run-off studies at Melko (Jimma Agricultural 

Research Center) also indicate 82.3 ton ha-1soil was eroded annually [8]. These all indicate the soil 

loss exceeds tolerable level of annual soil loss of 11 tons ha-1yr-1[9, 10]. 

Furthermore, the loss of soil also results in loss of water, nutrients, soil organic matter, and soil biota 

that affects the proper functioning of the soil system. Biological Soil and water conservation reduce 

erosion and improves soil carbon that enhances restoration of degraded land. The practices are viable 

to improve the soil system and sustain the ecological functioning of the soil [11]. However, efforts to 

control land degradation is mainly focused on physical conservation structures alone throughout the 

history, which have less contribution to add the removed nutrients and control soil erosion [12, 13]. 

Vetiver grass is a perennial grass, economically viable and environmentally adaptable grass with 

unique characteristics that grows in wide range of agro-ecology across the world [14, 15]. Its unique 

characteristics and a wide range of environmentally adaptability make it best grass for hedgerow 

establishment to control erosion and as stabilizer of structure when integrated with physical soil and 

water conservation measures [16, 17]. Vetiver grass technology is promoted for soil and water 

conservation by World Bank in India first time in mid-1980 [18, 19]. 
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In Ethiopia, Vetiver grass was for the first time introduced in 1971E.C from Tanzania to Jimma 

research station. The grass was distributed out of the research station to the nearby coffee state farms 

and to Menschen für Menschen (MfM) for the first time in 1984/85 with the objective of utilizing as 

mulch and soil and water conservation practice. The first nursery was established in the early 90's by 

MfM in the southwestern part of the country. Then after, it was distributed to different Woreda’s and 

research centers for soil erosion control [20]. Degraded environment as a result of improper land use 

practice such as the Ethiopian highlands can be improved using Vetiver grass hedgerows [21].  

Vetiver grass was lately introduced in Western parts of Ethiopia comparably, and its effect for 

landscape, soil properties and land and/or crop production is not studied yet in the area. For these 

purpose Vetiver grass hedgerows were established on farm lands by community participation at Haru 

district in 2011G.C for evaluation of soil and water conservation. Therefore, the objective of the study 

was to evaluate the potential of Vetiver grass for crop production and its effect on selected soil 

physical and chemical properties. 

2. METHODS AND MATERIALS 

2.1. Description of the Study Area 

The study was conducted in Haru district, West Wollega Zone of Oromia Regional State of Ethiopia. 

The district is located at a distance of 466 km from Addis Ababa to western Ethiopia. It is 

geographically located between 8o52’00’’N-9o33’00’’N latitude and 35o40’00’’E- 36o00’00’’E 

longitude [Figure 1]. The mean annual rainfall is 1700mm and minimum and maximum temperature 

of the district is 120C and 270C, respectively. The topography of the study area is undulating hills 

slightly sloping down having an altitude range from 1500m to 2050m a.s.l. Haru district has 

46,451.91 ha total cultivable land [22]. 

 

Figure1. Map of Haru district, Western Wollega zone, Ethiopia 

Population: The total populations of the Haru district is 67,262 of which are 33,178 are males and 

34,084 are females [23]. 

Farming system: The mixed farming system that involves crop production and animal husbandry is 

the predominant farming practice in the study area. The main crops grown in the study area are Maize 

(Zea mays), sorghum (Sorghum bicolor) and teff (Eragrosties tef zucca) and cash crops like coffee 

(Coffee Arabica), khat, and fruits like Mango, Avocado, papaya etc. The major livestock reared are 

cattle, poultry, sheep and goat. Oxen power is the main power source for ploughing and threshing 

activities in the study area [24]. 

Research design and soil sampling: Reconnaissance survey was conducted to identify farmland for 

intervention. Accordingly, farm land was identified based on the prevalence of soil erosion, 
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accessibility and slope from a Kombocha Yonge kebele of Haru district. A total of 2-3 tillers of 

Vetiver grass were planted along the contours in double rows with staggered positions with 20 cm 

inter and intra row spacing. Vertical interval (VI) was used for determining the spacing between 

consecutive Vetiver hedgerows. Adjacent cropland was left as a control to compare for soil properties 

variation, monitor slope change and yield variation. Composite soil samples from depth (0-30 cm) 

were collected from cropland treated with Vetiver hedgerows and adjacent cropland without Vetiver 

grass hedgerows. A total of 24 composite soil samples were collected for analysis of selected soil 

chemical properties. The selection of the companion crops and cropping systems was based on the 

local practice of the area. 

Laboratory analyses: Soil pH was determined by a water suspension method with microprocessor 

based pH system on a 1:2.5 soil to water ratio [25]. Bray II extraction method with spectrophotometer 

analysis [26] was used for available phosphorus (Av.-P) determination. Organic carbon (OC) was 

determined by Walkley and black method [27]. Kjeldahl digestion, distillation and titration method 

[28] was used for total N determination. Exchangeable acidity was determined by saturating the soil 

samples with a potassium chloride solution and titrates with sodium hydroxide as described by [29]. 

Available potassium (K) was analyzed by flame photometer as described by [30]. 

3. RESULTS AND DISCUSSION 

EFFECT OF VETIVER GRASS HEDGEROWS ON SELECTED SOIL PROPERTIES 

The result of the analysis showed that soil pH was not significantly different between the cropland 

with Vetiver grass hedgerows and adjacent cropland without Vetiver grass hedgerows. However, 

higher mean of soil pH was observed under the cropland treated with Vetiver grass hedgerows (Table 

1). This might be due to inherent soil properties and the condition of previous land management that 

affect the soil pH. According to the rating criteria suggested by [31] for soils of Ethiopian highlands; 

the soil pH of the site was rated as moderately acidic (5.1- 6.0). Exchangeable acidity was not 

exhibited significant variation between treated cropland with Vetiver grass hedgerows and adjacent 

cropland without Vetiver grass hedgerows [Table 1]. This might be due to leaching of basic cations. 

In contrary to the present result, [7] reported that exchangeable acidity was higher above Vetiver grass 

hedgerows on study conducted in Somodo watershed. Available phosphorus was significantly varied 

between cropland treated with Vetiver grass hedgerows and adjacent cropland without Vetiver grass 

hedgerows. The higher mean was observed under cropland treated with Vetiver grass hedgerows 

[Table 1]. Clearly, this due to deposition of fertile top soil and crop residue input on conserved 

cropland with Vetiver grass hedgerows. According to [32], available phosphorus was significantly 

different for plots with Vetiver grass than without Vetiver grass at the Anno Agro Industry Farm. 

Similarly, [7] also reported that available phosphorus was higher above Vetiver hedgerows due to soil 

deposition as impeded by Vetiver grass hedgerows at Somodo watershed. 

 In contrary to the present finding [33] report that established Vetiver hedgerows were showed 

reduction in available phosphorous after the second year of intervention. This might be due to 

previous land use practices. Available potassium was not significantly different between cropland 

treated with Vetiver grass hedgerows and adjacent cropland without Vetiver grass hedgerows. 

Though, the higher mean was recorded under cropland treated with Vetiver grass hedgerows [Table 

1]. In Contrasting to the current finding, [32] reported that available potassium was significantly 

higher for the plot with Vetiver hedgerows than without Vetiver grass hedgerows. 

 Soil organic carbon was demonstrated significant difference among croplands treated with Vetiver 

grass hedgerows and adjacent cropland without Vetiver grass hedgerows. The higher mean of soil 

organic carbon was observed under cropland conserved with Vetiver grass hedgerows [Table 1]. 

Apparently, this was due to reduced removal of fertile topsoil and organic matter input from crop 

residues. This effect coupled with the addition of both above ground and below ground biomass of 

Vetiver grass and crop residue on conserved cropland as favored by conserved soil moisture on 

cropland treated with Vetiver grass hedgerows. The result was in line with finding of [32] in which 

organic matter was significantly higher for cropland with Vetiver grass strips than plot without 

Vetiver grass hedgerows. 

According to [Table 1] total nitrogen did not indicated significant variation between cropland treated 

with Vetiver grass hedgerows than adjacent cropland without Vetiver grass hedgerows. Soil organic 
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carbon was significantly higher for cropland treated with Vetiver grass hedgerows, while soil organic 

matter and total nitrogen is positively correlated and soil organic carbon serve as a source for different 

soil nutrients. The result was in contrast to [32] who indicated total nitrogen was significantly 

different for soil with Vetiver grass than for plot without Vetiver grass. 

Effect of Veritver hedgerows on slope of farm land 

Vetiver hedgerows of seven years aged were influenced slope of the farm land. The slope of cropland 

treated with Vetiver hedgerows was reduced by 7% as compared to adjacent cropland without Vetiver 

hedgerows [Figure 2]. The established Vetiver hedgerows were also affected steepness and length of 

slope of the cropland and the inter hedgerows were developed to bench terrace due to accumulation of 

eroded soil above the hedgerows [Plate 1]. This indicate the contribution of Vetiver grass hedgerows 

to reduce runoff velocity as a result it reduces the losses of the soil, nutrients and water; hence 

improve productive capacity of the farmland. The result was in agreement with the finding of [7] that 

two years aged Vetiver grass hedgerows were reduced slope of the field on average by 2.5% due to 

soil accumulated above Vetiver hedgerows. 

Effect of seven years Vetiver grass hedgerows on crop productivity at Haru, Western Ethiopia. 

At kombolcha Yonge kebele, seven years aged Vetiver hedgerows were evaluated with adjacent 

cropland without Vetiver grass hedgerows on the productivity of the land for the cropping season of 

2014 and 2015. The yield of the teff (Eragrosties tef zucca) was not showed significant variation 

under cropland treated with Vetiver grass hedgerows and adjacent cropland without Vetiver 

hedgerows [Table 2]. However, higher mean yield was observed under cropland with Vetiver 

hedgerows. This clearly demonstrated the effect of Vetiver grass hedgerows that reduce soil erosion 

and organic matter input on conserved cropland than adjacent cropland without Vetiver grass 

hedgerows that improves productivity of the cropland. A similar pattern was reported by [34] that 

crop yields were improved by a range of 11-26% and 50% for cowpea and maize, respectively on 

study conducted in Ibadan, Nigeria. 

Table1. Effect of Vetiver grass hedgerows on selected soil chemical properties of top soil layer (0-30cm) at 

Haru, Western Ethiopia 

Treatments Parameters 

pH 

(H2O

) 

Ex.acidity 

(meq/100gm) 

Av.P 

(ppm) 

Ava.K 

(meq/100gm) 

SOC 

(%) 

TN 

(%) 

Vetiver 

hedgerow 

5.27 0.19 10.20 0.17 1.61 0.14 

Without Vetiver  

hedgerows 

5.11 0.19 4.22 0.16 0.19 0.15 

CV (%) 1.01 3.82 18.5 15.93 18.95 19.51 

LSD 0.22 0.03 5.73 0.11 0.73 0.12 

pH: soil pH, Av.P: available phosphorus: SOC: Soil organic carbon, TN: total nitrogen 

 

Figure2. Effect of Vetiver hedgerows on slope of the farm land at Haru. 
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Plate1. Effect of Vetiver grass hedgerows on slope of farm land 

 

Source: photo taken during field observation 

Table2. Effect of Vetiver grass hedgerows on teff (Eragrosties tef zucca) yield 

           Treatments                Yield (kg/ha) 

With Vetiver grass hedgerows                850.8               

Without Vetiver grass hedgerows                660.0                  

CV (%)                4.53 

LSD                434.6               

CV: Coefficient of Variation; LSD: List Significant of Difference 

4. CONCLUSION AND RECOMMENDATIONS 

This study revealed that, the established Vetiver grass hedgerows were effective for soil and water 

conservation. Cropland treated with Vetiver hedgerows were developed to bench terrace that reduce 

the velocity of runoff, the aforementioned effect of the hedgerows reduces soil erosion. Thus, 

improves some of the soil properties, yield and slope of cropland treated with Vetiver hedgerows as 

compared to adjacent cropland without Vetiver hedgerows. Soil organic carbon and available 

phosphorus was significantly higher for croplands treated with Vetiver grass hedgerows as compared 

to control, while soil pH, exchangeable acidity, available potassium and total nitrogen were not 

showed significant difference among croplands. Furthermore, mean of crop yield was higher for 

cropland with Vetiver grass hedgerows than control.  

Therefore, it is essential to aware the farmers and treat degraded farm land with Vetiver hedgerows to 

improve productive capacity of the land. Moreover, regular maintenance shall be required to 

encourage rapid development of bench terrace through facilitating the deposition of eroded soil 

between inter-bund zones to reduce soil erosion. The practice is environmentally friendly and easy to 

establish, therefore; it is crucial to promote the practice to other similar areas to conserve soil and 

water. Further investigation of the effectiveness of the grass hedgerow with respect of landscape 

position and effect of the grass on carbon sequestration potential is encouraged. 
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