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1. Introduction

Abstract

The majority of the Ethiopian population is engaged in agricultural activities,
which are dependent on land resources. However, the agricultural system is under
continuous threat from land degradation resulting from soil erosion and depletion
of soil fertility. In the study area, the potential use of grasses as agronomic and
biological soil and water conservation methods is minimally exploited in terms of
physical structure. This study evaluated and demonstrated the effectiveness of
Desho and Elephant grasses for bund stabilization and fodder production in the
Gudoro sub-watershed, southern Ethiopia. The trial was tested in six farmer-man-
aged locations on farmlands with 10-15% slopes, and the farmers were considered
as replicates. Data on the survival and green biomass of those stabilizers on the
bund were collected. Composite soil samples were taken before and after comple-
tion of the demonstration. Based on the demonstrated technologies in the area,
farmers’ perception data were collected through the active participation of farmers
in focus group discussions. The differences between treatment means were deter-
mined using a paired t-test. Soil analysis results showed improvements with Desho
grass stabilized bunds in soil moisture content, pH, organic carbon, and nutrient
retention compared to Elephant grass. Better survival rate and green biomass yield
(92.9%, 492 ton/ha) over two years were recorded for Desho grass, as well as Ele-
phant grass (45.3% survival and 433 tons/ha green biomass). Desho grass with
stone-faced soil bund (24 tons/ha) outperformed sediment deposition compared
with elephant grass with stone-faced soil bund (20.5 tons/ha). Additionally, the
results showed that farmers in the study area positively acknowledged the im-
portance and effectiveness of stone-faced soil bund stabilizer grasses; moreover,
farmer training and field days highlighted strong community interest, with Desho
grass for its many advantages. Consequently, this integrated approach is advised
for scaling up in similar agro-ecologies to support sustainable land management
and improve farmer livelihoods.
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The majority of the Ethiopian population is engaged in agricultural activities [1], which depend heavily on land
resources. However, the agricultural system is under continuous threat from land degradation resulting from soil
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erosion and soil fertility depletion. This phenomenon has caused several negative impacts on land in the country
[2]. Soil erosion is a natural process and, therefore, naturally variable with climate, soils, and topography; however,
it is accelerated by anthropogenic activities involving deforestation, overgrazing, intensive cultivation, and cultiva-
tion of steep slopes. As pointed out by Morgan [3], under natural conditions, an annual rate of erosion is of the order
of 0.0045 Mg ha'! for areas of moderate relief and 0.45 Mg ha™! for steep relief. Whereas clearance of land for
agriculture increases the rates of soil erosion up to 90 Mg ha™!, leaving the land as bare soil produces rates of 170
Mg ha!. According to Hurni [4], the annual rates of soil erosion in Ethiopia vary from 1-5 Mg ha™! under natural
conditions, and the rates are of the order of 8-42 Mg ha™! for cultivated lands.

The practices of bunding and Terracing are the most widely adopted mechanical measures in soil and water
conservation activities and help in reducing erosion due to overland flow during high rainfall. In Ethiopia, these
physical soil and water conservation structures have been shown to be effective in reducing erosion and improving
crop yields [31]. For instance, in Anjeni (on a 12% slope), the use of graded fanyajuu and grass-strip techniques
increased grain yield by about 14% [5]. However, in disseminating the technologies to farmers, the adoption of
these technologies by farmers remains limited [6]. Even though a couple of reasons are mentioned, the lack of
integrating farmers’ interests in designing and implementing the technologies is one reason. Farmers identify key
issues such as the obvious loss of arable land that could be used for planting, the creation of soil bunds that encourage
noxious weeds, the significant labor needed for regular upkeep, challenges in ploughing with oxen when the space
between structures is too narrow for turning while planting, and the presence of mole rats [7].

Accordingly, certain benefits of soil bunds for resource conservation have been documented in the country. To
enhance the adoption of physical soil and water conservation techniques, it is crucial to incorporate biological soil
and water conservation methods [8]. This is due to grasses offering various benefits to farmers. In other words, they
can serve as animal feed, stabilize physical factors to lower maintenance expenses, and minimize soil erosion [9].
Subsistence farmers do not invest in sustainable land management practices, especially physical structures. However,
the land occupied by soil bunds remains unused for crop production. Strategic utilization of this space by growing
multifunctional grasses and trees on the bunds may alleviate the yield loss caused by a decrease in planting area. If
valuable grasses (e.g., desho grass) and trees are cultivated on this land, farmers can collect fodder for livestock or
firewood, both of which are in short supply in the Ethiopian highlands [10]. Cultivating these grasses and trees may
enhance the stability of the bunds and lower maintenance expenses.

Desho grass is a member of the Poaceae family and is also native to tropical areas [11, 14]. This grass has a big
root system and produces a large amount of biomass per square meter [12]. The grass was discovered in Ethiopia
in 1991 in the Chencha District, Southern Region [13, 16] and has since been widely used in various agro-ecologies
[15]. This grass has been utilized to maintain soil bunds, protect croplands from soil erosion and degradation in
Ethiopia’s highlands, rehabilitate degraded land [14], and improve grazing land and cattle feeding [16]. Getahun et
al. [17] reported the findings of an on-farm experiment at Gimbo, Kaffa Zone, southwestern Ethiopia, for the com-
parison of the survival of different stabilizers on 14 soil bunds. As a result, the effectiveness of individual grass
stabilizers varied. Desho grass was observed to endure 10 to 15 days longer than the others. Within the study area,
the possible application of these grasses as methods for agronomic and biological soil and water conservation is
underutilized concerning physical structure. This study evaluated and demonstrated the effectiveness of Desho and
Elephant grasses for bund stabilization and fodder production in the Gudoro sub-watershed.

2. Methods
2.1 Description of the Study Area

The study was conducted in the Godoro sub-watershed, located in Geresse District, Gamo Zone, South Ethiopia.
Geographically, it lies within 5°58'30" to 6°00'0" Latitude and 37°14'0" to 37°16'0" Longitude. The study watershed
covers an estimated area of 1,686 hectares and is dominated by cultivated land. The terrain is characterized by
considerable variations in elevation and rocky areas. The study watershed is high up, ranging from 1586 to 2903
meters above sea level. The Food and Agriculture Organization of the United Nations has a way to classify soil.
Using this system, the soil of the study watershed is made up of Pellic Vertisols and Haplic Phaeozems. The study
watershed has these two types of soil Pellic Vertisols and Haplic Phaecozems which are found in the study watershed.
Pellic Vertisols are the dominant soil within the watershed, which covers 80% of the watershed, and Haplic Phaeo-
zems soil type covers only 20% of the watershed [18]. The average annual rainfall of the study area is 980 mm, with
the mean minimum and maximum temperatures of 12.6 and 21.4°C, respectively. Mixed plantation, cultivated land,
and grasslands are the major land-use land covers in the watershed. Cultivated land is the dominant land use type,
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which covers 52%; while mixed plantation and grasslands cover solely 32 and 15% of the watershed, respectively.
The primary source of resources in the watershed is subsistence agriculture, specifically in the form of a mixed crop
and livestock system.

Gerese district
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Figure 1. Location map of Gudoro Sub-Watershed. (Source: GPS data collected in the field)
2.2 Site and Farmer Selection

The research was conducted in Bulla Kebele, which is in the Gudoro sub-watershed. This place was chosen on
purpose. The sites that were selected had a lot of soil erosion. The selected sites had not received external support.
This is a problem for the people who live in the watershed and the area where the CALM project is working. The
CALM project is trying to help people in this area. The research was done in this place because of these issues.
Prior to the demonstration, awareness creation for farmers and stakeholders was done by forming a team composed
of farmers, Development Agents, experts from the Bureau of Agriculture, and research staff, and discussions were
conducted. During the discussion, the risk of land degradation was generally outlined at the national level and par-
ticularly in the region. The sustainability of the mitigation measures was discussed in detail as well. Farmers de-
scribed the effects of soil and water conservation efforts. Additionally, the multifunctional bund stabilizer grass
varieties, particularly those that serve as both soil bund stabilizers and forages, were examined. Then, after six (6)
adjacent trials, farmers were selected in the Gudoro sub- watershed in order to participate in the demonstration, and
the farmers were considered as a replication. The farmers for the trial were chosen because of access to demonstra-
tion fields with a slope of 10 to 15% and owned nearby farmland. Field observation via transect walk was performed
before the demonstration, focusing specifically on soil erosion issues and the presence and effectiveness of chosen
grass stabilizers in the region. A general agreement was established with the farmers regarding the seriousness of
soil erosion and the necessary actions to take. Ultimately, the research was conducted on the chosen agricultural
lands of participating farmers.

2.3 Treatment Set-ups, Stone-faced Soil Bund Design, and Construction

The experiment was initiated during the 2022 growing season with six volunteer farmers whose fields were adjacent.
In this demonstration, grass stabilizers (treatments), namely Elephant (Pennisetum purpureum) and Desho (Pennise-
tum pedicellatum) grasses, were planted on constructed stone-faced soil bunds in each farmer’s field. The stone-
faced soil bund was used as a test conservation measure to evaluate the stabilizers. Test soil and water conservation
measures were selected based on soil types, agroecology, and slope. The stone-faced soil bunds in the watershed
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were designed following the standard recommended by the Ministry of Agriculture (MoA). Before planting, grass
stone-faced soil bunds were constructed during the dry season before the start of tillage operations by mass mobili-
zation in collaboration with the watershed community. The stone-faced soil bund was constructed during the dry
season before the start of tillage operations by mass mobilization in collaboration with the watershed community.
While the bund was being built, landowners and their families took part as a group. The base width of the bund
(embankment) was 1 m, and the top width was 0.50 m. Furthermore, the bund’s height measured 0.60 m post-
compaction. Nonetheless, beyond technical standards, farmers’ input and adaptations according to their preferences
were included during the bund construction. Desho and elephant grass were sown with a distance of 0.5cm between
them. Composite soil samples were gathered prior to and following the intervention. Grass was subsequently planted
on a larger scale.

2.4 Capacity Building Training

Capacity-building training is one of the pillars of sustainable development goals. Thus, before conducting the
demonstration, training was given on production, management, and utilization of grass stabilizers. Training was
also provided on surveying and layout of structures, the effect of biological grasses on reducing soil erosion, their
potential as a fodder source through cuttings, and their effect on crop productivity, involving trial farmers, experts,
and researchers at the sites.

2.5 Data Collection

2.5.1 Grass Data

Data such as survival rate of stabilizers, green biomass, and perception of farmers on the adopted soil and water
conservation technologies were collected. Grass biomass data were obtained by placing 50cm by 50cm quadrant
plots to assess biomass production and generate observations. Consequently, grasses were trimmed to a height of
20 cm from the ground at the identical sampling location to assess the regrowth rate. The collected data were ad-
justed for weight and converted to a per hectare basis.

2.5.2 Soil Data

A composite soil sample was collected from 0-20 cm to evaluate different soil physical and chemical properties
(soil moisture content, soil texture, Total N, available P and K, %OM, %OC, pH, EC, and CEC) before establish-
ment and after completion of the demonstration. All soil parameters were analyzed using standard soil laboratory
procedures.

2.5.3 Farmer’s Perception Data

Based on the demonstrated technologies in the area, farmers’ perception data were collected through the active
participation of farmers. Focus group discussions (FGDs) were conducted in three groups, with ten members in each
group, at the demonstration site to assess farmers’ perception of bund stabilizers. In effect, the discussion included
those who participated in the demonstration for three consecutive years and those who wished to join the discussion.
Some non-adopters also attended the groups and offered their perspectives on some of the issues, such as growth
performance and other multiple benefits of the demonstrated bund stabilizer grasses.

2.6 Data Analysis

The collected data were analyzed using SPSS 20.1 computer software. The differences between treatment means
were determined using a paired t-test.

3. Results
3.1 Effect of Soil and Water Conservation Interventions on Selected Soil Properties

The results of the study show that the demonstrated soil and water conservation interventions have affected the
selected physical and chemical properties of soil in the Godoro sub-watershed (Table 1). The interventions specifi-
cally altered the soil’s moisture content, pH, TN, OC, OM, Av.P, Av.K, and CEC. On the other hand, there has been
no discernible difference in the area’s soil textures before and after the demonstration’s implementation between
the soil and water conservation treatments. According to the soil results, the textural class of the studied area is clay
loam. The stone-faced soil bund stabilized with Desho had a higher mean soil pH value (6.5) than Elephant grass
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(5.6). According to Havlin et al. [19], the pH range of 5.9-7.1 is generally suitable for most crops, although slightly
acidic soils (pH < 6.0) may limit phosphorus availability [20].

The study also found that the higher (9.45%) soil moisture content in the stone-faced soil bund stabilized with
Desho than Elephant grass (8.05%). Similarly, according to soil ratings by Tekalign [21], the study watershed
showed higher mean values of total nitrogen (0.72), organic carbon (2.7), and organic matter (4.66%). Typical
agricultural soils have 0.1-0.5% total nitrogen [22], and values up to 0.71% in the study area indicate good nitrogen
reserves supporting plant growth. Higher organic matter and organic carbon contents in the study area improve soil
fertility, soil structure, and moisture retention and are beneficial to soil health [22].

The mean available P value of the study watershed is 3 mg/kg. However, it was affected by the interventions; the
phosphorus values of the study sites below 5 mg/kg are considered to be low Cottenie [23], which might require
fertilization. Phosphorus is vital for the growth of roots and the transfer of energy.

The result indicated that the study sites have sufficient potassium values. The availability of potassium varies
depending on the kind of soil; generally speaking, moderate amounts (0.2-0.7 meq/L) are sufficient [20]. Low sa-
linity levels are indicated by low EC (dS/m) values (0.05 to 0.14 dS/m). EC (dS/m) values are low (0.05 to 0.14
dS/m), indicating low salinity levels. The study also revealed that a very higher (48.03 cmol/kg) CEC value of 48.03
cmol/kg was found in Desho grass soil bund stabilizer than in Elephant grass. According to Hazelton and Murphy
[24], CEC values above 40 cmol/kg are classified as very high. A CEC value above 20 cmol/kg suggests good
nutrient retention capacity [19]. Higher CEC indicates greater ability of soil to hold and exchange nutrients.

Table 1. Soil Physico-chemical properties of the demonstration site before and after intervention

Mean values of Soil parameters

i~ Tex-
o =4
. o — —~ = Texture (%) tural
Soil parameters e < —_ -~ U~ ~2 ~d = EC
3§ 2% Z8 38 28 3 ZE 5w s
o g g 3 m) Cl Sa Sil
~ [Sa)
O ay nd t Clay
Before demonstration 6.5 4.9 0.16 3 1.73 4.1 0.41 6.05 0.06 38 25 37 loam
LB SESBIDes 445 o5 071 47 27 3 042 4803 008 38 25 37 C@&Y
S 2§ ho loam
o .=
< E SFSBYElep g0s 55 035 42 23 029 036 24 005 38 25 37 Sy
= hant loam

Note. SFSB is for stone-faced soil bund.
3.2 Survival Rates of Grasses on Stone-faced Soil Bund

According to the study, the grasses planted to stabilize the stone-faced soil bund survived and stabilized in diverse
ways. Table 2 below indicates that, when compared to Elephant grass, Desho grass successfully survived, estab-
lished itself, and covered the slope of the stone-faced soil bund. As a result, over 92% of cuttings of Desho grass
thrived and successfully took root on stone-faced soil bunds. Elephant grass, on the other hand, survived less than
half of all cuttings that were planted on the stone-faced soil bund embankments (Table 2). This could be due to the
fast-growing nature and agro-ecological compatibility of the grass [25]. Due to its higher survival rate and better
establishment, Desho grass was a better soil bund stabilizer in the study area.

Table 2. Survival rate of soil bund stabilizer grasses

Treatment # of bunds Bund length Planted cuts Survived Survival %
Stone-faced soil bund +Desho grass 26 879 673 625 92.86
Stone-faced soil bund +Elephant grass 26 879 673 305 45.3

3.3 Green Biomass of Grasses

The study discovered that green biomass yields of stone-faced soil bund grass stabilizers were variable. Over the
course of two years, Desho grass produced a green biomass production of 492 tons/ha, which is roughly 13.6%
more than Elephant grass’s 433 tons/ha, as indicated in Table 3 below. This suggests that, in the observed
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circumstances, the Desho may have an edge in terms of total biomass production. While Elephant grass increased
more slowly to 238 tons/ha (22.1%) in 2024, Desho showed a notable increase to 298 tons/ha (53.6%) from 2023.
In 2024, Desho showed a significant increase to 298 tons/ha (53.6%) from 2023, while Elephant grass increased
more modestly to 238 tons/ha (22.1%). This is consistent with findings by Gebremedhin et al. [26], who showed
that Desho grass has better drought tolerance and adaptability to different soil types, leading to higher biomass
accumulation than Elephant grass under comparable environmental conditions.

Table 3. Green biomass production potential of soil bund stabilizer grasses

Green biomass of grasses (ton/ha/yr) Total green grass biomass (ton/ha)
Treatments
2023GC. 2024GC.
Stone-faced soil bund +Desho grass 194 298 492
Stone-faced soil bund +Elephant grass 195 238 433

e A A T TR

Figure 2. Stone-faced soil bund stabilized with desho grass after demonstration.
3.4 Effect of Bund Stabilizer on Soil Deposit

The analysis indicated that the implemented soil and water conservation practices influenced soil sediment deposi-
tion. By the conclusion of the study period, it was confirmed that the stone-faced soil bund reinforced with Desho
grass exhibited a greater total soil sediment deposition potential (24.48 ton/ha) compared to Elephant grass (20.5
ton/ha) over the span of two trial years (Table 4).

The results from the 2023 and 2024 GC trials demonstrate the effectiveness of integrating stone-faced soil bunds
with stabilizer grasses in enhancing soil deposition on farmlands. Different studies suggest that Desho grass (Pen-
nisetum pedicellatum) plays a significant role in stabilizing soil and promoting sediment accumulation, likely due
to its dense root system and ground cover characteristics that reduce soil erosion and trap sediments effectively.
This supports previous research by Dereje et al. [27], who reported Desho grass as an effective soil stabilizer due to
its dense root system that binds soil particles and reduces erosion loss. Similarly, [28] highlighted the role of Desho
grass in improving soil physical properties and enhancing sediment retention, which aligns well with the increased
soil deposits observed in this study. These results highlight the critical role of physical soil conservation structures
coupled with vegetative barriers in preventing soil loss, consistent with the findings of [29], who emphasized the
benefits of combining mechanical and biological soil conservation measures in the Ethiopian highlands.

Table 4. Potential of bund stabilizer grass for soil deposit on farmland

Soil Deposit (ton ha'yr) Soil deposit (ton halyr')
Treatments Total (ton ha'lyr")
2023 GC 2024 GC
Stone-faced soil bund +Desho grass 11.24 13.24 24.48
Stone-faced soil bund +Elephant grass 9.75 10.75 20.5
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3.5 Farmer Perception on Soil Bund Stabilization with Improved Grasses

The results of farmers’ perceptions of bund stabilization using improved grasses are presented in Table 5. Feeling
represents the real psychological factors that prevent the brain from performing its duties effectively. In this context,
the participating farmers of the study area were divided into three groups: highly satisfied, satisfied, and poorly
satisfied. The evaluation indicated that a majority (60%) of participating farmers expressed high satisfaction with
the soil bund stabilization using enhanced grass technology.

Additionally, the study also found the usefulness of the implemented technology. In this manner, surprisingly, all
(100%) of the respondents positively acknowledged that soil bund stabilization technology was very important for
the study area. While none of the farmer stated their views on the disadvantages of soil bund stabilization technology
through improved grasses. The majority (80%) of the respondents agreed that the implemented technology reduces
the speed of runoff and erosion. The other (20%) of the respondents agreed that the soil bund stabilization technol-
ogy strengthened the soil bunds through their deep roots. The respondents also indicated that both improved grasses
were equally important for stabilization of the soil bund in the study area. But, they preferred Desho grass in highly
established and cover earlier than the elephant grass. This study also agrees with the findings of [9], who reported
that Desho grass was found to be extremely superior to the other introduced grass species in terms of different
farmers’ criteria.

Table 5. Farmer perception on soil bund stabilization with improved grasses

Response
Respondents N
Feelings Frequency Percent (%)

1. Do you believe that of BS with improved grasses is useful 10 Yes 10 100

technology? No 0 0
Highly satisfied 6 60

2. Level of satisfaction with BS strategy 10 Satisfied 4 40

Poorly satisfied 0 0

Stops water run-off 0 0

. . Reduces speed of

3. How does it stabilize your bund? 10 erosion 8 80

Strengthens bund ) 20
with roots

Desho 4 40

4. Which grass strip better stabilizes the bund? 10 Elephant 4 40
Both 2 20

5. Did anyone take the grass cuttings/splits from you and 10 Yes 3 30
plant them on his/her land? No 7 70

Notes. BS is for bund stabilization, N: Number of respondents, %: Percentage.
4. Conclusion and Recommendation

In the Gudoro sub-watershed, the incorporation of stone-faced soil bunds with biological stabilizers like Elephant
grass (Pennisetum purpureum) and Desho (Pennisetum pedicellatum) greatly boosts soil conservation and improves
soil physical and chemical properties. In general, CEC values are high, suggesting that soils have good nutrient
retention. At the demonstration site, the availability of phosphorus was limited and may necessitate fertilizer. Over
a two-year period, Desho grass exhibits higher overall production and stronger development in green biomass yield,
indicating suggesting greater biomass production under the study conditions. Desho grass outperforms Elephant
grass in terms of improving soil deposition, and the combination of stone-faced soil bunds with both grasses is a
successful soil conservation technique. These results endorse the use of vegetative bund stabilizers as an eco-
friendly method for controlling soil erosion and enhancing farmland productivity. Additionally, farmers’ assess-
ments of bund stabilizers indicated greater interest in Desho grass compared to Elephant, owing to its adaptability
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and superior fresh weight biomass. Desho grass was recommended for future trials and expansion to reduce soil
loss on slopes exceeding 10% in our research area and comparable agro-ecological regions.

In order to guarantee practicality and acceptability, the study also promotes participatory approaches that involve
local farmers in the construction and amendment of conservation structures. Additionally, as part of integrated soil
and water conservation initiatives, it is advised that farmers receive ongoing capacity-building training on the pro-
duction, maintenance, and use of enhanced grass species.
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