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Abstract: The experiment was conducted during 2019 cropping season in six Peasant Associations (PAs) of Negele Arsi and
Adami Tulu Jido Kombolcha Districts; with objectives of demonstration and scaling up the selected in-situ moisture
conservation structures (Tied ridge and furrow closed at both Ends), awareness creation and analyzed the cost benefit. Totally
twelve (12) FREG members were established and 600 farmers, 12 animator and 6 DAs were participated on training from six
Peasant Associations (PAs). Two FREG members were established in each Peasant Associations (PAs). From these, 240
farmers were from FREG and 360 from non-FREG were participated on introductory training. Totally 100 farmers, 4 DAs and
animator, 4 SMS and 32 others were participated on field day from both districts respectively. The mean yield obtained from
tied ridge and furrow closed at both ends were 89.55 and 71.69 Qtha™ at Negele Arsi district and 72.81 and 69.96 Qtha™' were
obtained from Adami Tulu Jido Kombolcha district respectively. The two-selected in-situ moisture conservation structures
were gave a significant yield in both districts. The net benefit obtained from tied ridge, furrow closed at both end were 50,241
and 37,096 ETH Birr ha™' respectively at NegeleArsi district. In addition, the net benefit obtained from tied ridge and furrow
closed at both end were 38,119 and 35,896 ETH Birr ha™ respectively at Adami Tulu Jido Kombolcha district. In-situ moisture
conservation structures (tied ridge and furrow closed at both Ends) were more economical and better if it is more scale up in
the study area and similar agro ecology. Agricultural and natural resource office should have give a great attention to
popularized and scaling up this technologies in moisture deficit areas of the districts.
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Eastern and Southern Africa [13].

In East Shewa, high moisture deficit is the primary
problem, which highly constrains the productivity of small
holders’ farmers of the districts [11]. In ATJK and NegeleArsi
district, onset rainfall variability is the primarily problem to
agriculture (raised from farmers). The underlying reason for
low crop yield might be the amount and distribution of
rainfall is not sufficient to sustain crop growth and
development. Hence, an alternative approach is to make use
of soil and water conservation structures. Accordingly, crop
frequently suffers from moisture stress at some stage during
its growth period with the ultimate result of reduced yield in
this study area because of shortage or uneven distribution of

1 Introduction

Ethiopian semi-arid and arid areas are experiencing low
crop yield due to a combination of biophysical problems [7,
8]. Low agricultural productivity in semi-arid region is not
only due to land degradation, but also due to moisture deficit
[4]. Moisture stress is a prolonged period of short
precipitation resulting to water deficiencies and lack of soil
moisture to support crop production [17]. Since rainfall is
seasonal and erratic in dry lands of Ethiopia and moisture
stress limiting the productivity of rain fed agriculture in the
moisture stress areas [9]. Moisture stress being the major
limitation to crops yield in cereal based cropping systems in
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rainfall and lack of awarness on conserving surface runoff
within the catchmentand unavailability of in-situ moisture
conservation techniques in ATJK and NegeleArsi districts
[3].

Unfortunately, most dry spells occur during critical crop
growth stages; hence it needs dry spells mitigation by
improving water productivity in study areas. This calls to
design and scaling up in-situ moisture conservation
techniques that have better role in sustaining crop production.
Micro catchment is not only raises the yields of specific
crops, but also prolongs the effectiveness of crop growing
period in the moisture stress area where the crop-growing
season is short. Planting crops using in-situ moisture
conservation reduces problems of soil moisture stress by
reducing runoff through increased infiltration and storage of
water in the soil profile. The onset and occurrence of severe
water stress is delayed thereby buffering the crop against
damage caused by water deficits during dry periods [15].
Therefore, using tied ridge and furrow closed at both end
give a solution to the dwindling maize yield production and
solving the problem of food insecurity in study areas..

In these regard, using tied ridge and furrow closed at both
end are some of the methods that contribute to mitigate soil
moisture deficit and enhance maize productivity in the study
areas. Currently there is no sufficient research works on
demonstrating and scaling up of in-situ moisture
conservation techniques on improving maize yield in the
study area. The objectives of the experiment was to analyzed
the impacts of selected in situ moisture conservation
structures on maize yield, cost benefit of the structures and
created awareness.

2 Materials and Methods
2.1. Description of Study Area

The experiment was conducted at Adami Tulu Jido
Kombolcha district, which is found in East Shewa zone of
Oromia regional state. It is located at a distance of 160 km
from Addis Ababa. Geographically, it is located between
38°25’E and 38° 55’E latitude and 7°35°Nand 8°05°N
longitude (Figure 1). The elevation of study area is 1636
meters above sea level. In addition, the experiment was
conducted in Arsi Negele district, which is found in West
Arsi zone of Oromia regional state. It is located at 225 km
south of the Addis Ababa. Geographically, it is situated in the
central rift valley system between 7° 09’-7° 41° N longitude
and 38°25°-38° 54’ E latitude (Figure 1). The altitude of the
study area ranges from 1500 to 2300 m above sea level and
falls in weyna dega Agro-ecological Zone.

2.2. Climate

According to the climatic data collected in 2019 from
Zeway meteorological station, the total annual rainfall of the
area is 627.8 mm and minimum and maximum temperature is
14.8°C and 28°C respectively for Adami Tulu Jido
kombolcha district. Also the average annual temperature of
Negele Arsi district varies from 10 to 25°C, while the annual

rainfall varies between 800 and 1200 mm [16].
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Figure 1. Map of study area.
2.3. Site and Farmer Selection
The experiment was conducted at three peasant

associations (PAs) (Golba Aluto, Desta Abjata, Hurufa Lole)
of Adami Tulu Jido Komoblcha district and at three peasant
associations (PAs) (Deka Hara kelo, D eka Harengema and
Gubeta Arjo) of Negele Arsi district. In each peasant
associations (PAs), four farmers were selected and conducted
the experiment on their farmland. The peasant associations
(PAs) and farmers were selected purposively from Productive
Safety Net Program (PSNP) of peasant associations
collaboration with district project coordinator, Animators and
DAs. From each FREG members, one directly benefited
farmer was selected based on his willingness, commitment
and interest. The experiment was conducted on the farm size
of 50m*50m (2,500m”) on each farmer. Totally, six hectare
(6ha) of land was selected from two districts and conducted
the experiment on it. Land preparation was done before
construction of in-situ moisture conservation structures on
farmland. Two in-situ moisture conservation structures (ridge
furrow closed at end and tied ridge) were used for
demonstration and scaling up in the study area.

2.4. Planting Materials, Fertilizer Used and Management

The BH-540 maize variety used as testing crop and sown
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in row. The recommended fertilizer rate applied for the maize
crop. Half of the of UREA and full of the DAP fertilizers
were applied at the time of sowing. The second half of the
UREA fertilizer was applied 30-40 days after planting during
preparation of in-situ moisture conservation structure. All
necessary field managements starting from land preparation
to harvesting and threshing was conducted.

2.5. Economic Evaluation

The total cost required for the experiments were recorded.
In addition, total revenues obtained from the experiments
were recorded. The recorded grain yield and crop residues
were converted to current market price. Then, the profit
obtained from the experiments were by subtracting total cost
required from total revenues acquired from the experiments.
This is as followed by:

Net Befit(Profit) =TR —TC @)

Where, TR=Total Revenue and TC= Total Cost (Total
fixed costs + Total Variable costs)

2.6. Data Analysis

The grain and economic data were collected using data
collection sheets. Simple financial analysis was employed to
analyze the costs required for the experiment and the net
benefit gained from the production of each in-situ moisture
conservation structures. The data was analyzed using excel
and the mean results were presented using tables.

3. Results and Discussions
3.1. Capacity Development

3.1.1. FREG Establishments

The selected farmers were organized under Farmers
Research Extension Group (FREG). Totally, twelve (12)
FREG numbers were formed and participated in the project
(Table 1) in two districts. Two FREG members formed per
peasant associations (PAs). Each FREG member holds 20
farmers.

Table 1. FREG establishment and number of FREG.

Districts Kebeles Established FREG Number of farmers in FREG
ATJK GolbaAluto, DestaAbjata and Hurufalole 6 120
NegeleArsi GubetaArjo, DekaHarakelo and DekaHarengema 6 120
Total 12 240

3.1.2. Training

Introductory training was organized before imposing any
experiment on farmers' field. The farmers, district project
coordinators, Animators and DAs from two districts were
participated on an introductory training. The training was
focused on major limiting factor of study area, in-situ
moisture conservation technologies, its impact on increasing
maize yield during shortage of rainfall, how the structures
were prepared and on which slope of the area it was
prepared. Training was organized to orient FREG, Animators
and DAs about the technical and related matters of the trial,
which was executed. Moreover, training was organized to
meet specific gaps on the experiment in the

implementation/managing the activity.

One hundred farmers were participated on training per
peasant associations (PAs). A total of 600 farmers, 12
animator and 6 DAs were participated on the training (Table
2). From these, 240 farmers fromFREG members and 360
farmers from non FREG members were participated on the
training (Table 2 and Figure 2). Training was given on the
objectives and target of the activities on in-situ moisture
conservation structure and its impact on yield. All FREG and
non FREG members were participated on training to obtained
theoretical concept. Farmers, Animators, district project
coordinatorsand DAs were attended and became aware on the
in-situ moisture conservation technologies.
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Figure 2. Introductory traininggiven to Farmers, DAs, Animator, SMS and others participants.

Table 2. Numbers of farmers participating on training.

Districts Kebeles Number of farmers participating on training
ATJK GolbaAluto, DestaAbjata and Hurufal.ole 300
NegeleArsi GubetaArjo, DekaHarakelo and DekaHarengema 300
Total 600
Catholic Relief Service (CRS) were participated on the field
3.1.3. Field Day

In an attempt to create wider interest and awareness, field
day was organized in one peasant association per district. In
Adami Tulu Jido Kombolocha (ATJK) and Negele Arsi
district) districts, field day was prepared at Golba Aluto and
Gubeta Arjo peasant associations respectively. The peasant
associations (PAs) were selected purposively based on its
accessibility. Famers from Productive Safety Net Program
(PSNP), DAs, supervisors, extension team leaders, Animators,
Subject matter specialist (SMS) from two districts, researchers
and from the team of Meki Catholic Service (MCS) and

N4 AT ¢ % w f

day by visiting on farm experiment. Atotal of 100 farmers and
40 experts were participated on the field day from two districts.

During field visit, farmers got better opportunity to visited
the experiment on field, further asked and discussed on issues
which was raised during the training session and helped
farmers to got experiences and compare the experiment
conducted with in-situ moisture conservation technologies
with that of neighboring farmers field. Moreover, from the
field day, farmers and experts became aware on the in-situ
moisture conservation technologies.
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Figure 3. Field day at Negele Arsi (Gubeta Arjo Kebele) and Adami Tulu Jido kombolcha districts (Golba Aluto kebele).

Table 3. Number of farmers, DAs and Animators, SMS and others participated on field day.

Districts Peasant association Farmers DAs and animator

(PA) Men Women Total Men Women Total
ATJK GolbaAluto 30 20 50 1 1 2
N/Arsi GubetaArjo 29 21 50 1 1 2
Total 59 41 100 2 2 4

Table 3. Continued.

Districts Peasant association SMS Others

(PA) Men Women Total Men Women Total
ATJK GolbaAluto 1 1 2 15 1 16
N/Arsi GubetaArjo 1 1 2 15 1 16
Total 2 2 4 30 2 32

3.2. Yield Performances of Selected in Situ Moisture Conservation Structure

Table 4. Mean yield of maize as affected by tied ridge and furrow closed at both end at NegeleArsi and Adami Tulu Jidokombolcha (ATJK) districts

District Selected treatments Yield (Qtha™) District Selected treatments Yield (Qtha™)
NegeleArsi Tied Ridge 89.55 ATJK Tied Ridge 72.81
Furrow closed at both End 71.69 Furrow closed at both End 69.96

The mean yield obtained from tied ridge and furrow closed
at both End were 89.55 and 71.69 Qtha™ respectively at
NegeleArsi district (Table 4). In addition, the mean yield
obtained from tied ridge and furrow closed at both End were
72.81 and 69.96 Qtha” respectively at Adami Tulu Jido
Kombolcha district (Table 4). The mean yield obtained from
tied ridge was better than furrow closed at both ends in the
study areas. This might be attributed to tied ridge retaining
more moisture when compared to the furrow closed at both
end in the study areas. This result agreed with that of tied
ridge gave higher yield than furrow closed at both end [3].

In addition, this finding agrees with many researchers,
which had reported that the importance of tied ridge is
increasing the time for the water to penetrate into the soil and
substantial grain yield increase in some of the major dry land
crops such as sorghum, maize, wheat, and mung beans in

Ethiopia [5, 6, 10, 18]. But, mean yield obtained from furrow
closed at both end was better than flat bed practices in the
study areas (from farmers interview), and this implied that, it
conserve more moisture than flat bed when you compare
with neighboring farmer farmland. This result agreed with,
the mean yield of maize obtained from furrow closed at both
end was higher than flat bed yield [3, 11].

Also, this result agreed with that of tied ridge was harvest
more water than flat bed [2]. In-situ water harvesting can
increase the moisture in the soil and thus, can result in
improved crop yield and have resulted in positive effects on
moisture conservation and agricultural productivity [1].

Generally, the experiment results indicated that maize
yield was affected by selected in-situ moisture conservation
practices. This is apparently due to the moisture conserving
benefits of this technologies being critical in drier areas [12].

Table 5. Financial analysis of the experiment at NegeleArsi District.

i Tied Ridge/ha Furrow Closed at both end/ha
Sub-total (birr) Sub-total (birr)

Total Fixed Costs (TFC)

Land purchase cost 4,000 4,000

Total Variable Costs (TVC)

Labor, necessary payment and transport cost 25,500 21,900

Agricultural Input (seed, fertilizer and chemical) 4,170 4,170

Land preparation cost 1,200 1,200

Total Costs (TC) 34,870

31,270
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Table 6. Financial analysis of the experiment at Adami Tulu JidoKombolcha (ATJK) District.

T Tied Ridge/ha Furrow Closed at both end/ha
Sub-total (birr) Sub-total (birr)

Total Fixed Costs (TFC)

Land purchase cost 3,200 3,200

Total Variable Costs (TVC)

Labor, necessary payment and transport cost 22,600 20,800

Agricultural Input (seed, fertilizer and chemical) 4,170 4,170

Land preparation cost 1,000 1,000

Total Costs (TC) 30,970 29,170

3.3. Financial Analysis

The total estimated summary cost required for the tied ridge and furrow closed at both end was 34,870 and 31,270 ETH Birr
ha'at Negele Arsi and 30,970, and 29,170 ETH Birr ha™ at Adami Tulu Jido Kombolcha (ATJK) respectively (Tables 5and 6).
The tied ridge structure was labor intensive, thus it required more cost than furrow closed at both end.

3.3.1. Revenue Obtained for the Experiment

Table 7. Estimated summary Revenue obtained from the tied ridge and furrow closed at end/ha both in ArsiNegele.

Revenue from tied ridge/ha

Revenue from Furrow closed at both end/ha

Descriptions

Total (birr) Total (birr)
Yield 76,118 61,166
Crop residual 9,000 7,200
Total 85,118 68,366

Table 8. Estimated summary Revenue obtained from the tied ridge and furrow closed at end/ha both at Adami Tulu JidoKomobolcha (ATJK) District.

Revenue from tied ridge/ha

Revenue from Furrow closed at both end/ha

Descriptions

Total (birr) Total (birr)
Yield 61,889 59,466
Crop residual 7,200 6,600
Total 69,089 66,066

From tied ridge, 89.55 and 72.81Qt ha™' of maize yield was
obtained from Arsi Negele and ATJK districts respectively
and sold 850 ETH Birr Qt' (Table 4). In addition, from
furrow closed at end, 71.69 and 69.96 Qt ha™' of maize yield
was obtained from Arsi Negele and ATJK districts
respectively and sold 850 ETH Birr Qt' (Table 4). The
estimated revenue of yield and crop residual obtained from
tied ridge and furrow closed at both end were 76,118 and
9,000 and 61,166 and 7,200 ETH birr respectively at Negele
Arsi district (Table 7). In addition, the estimated revenue of
yield and crop residual obtained from tied ridge and furrow
closed at both end were 61,889 and 7,200 and 59,466 and
6,600 ETH birr respectively at ATJK district (Table 8). The
revenue obtained from tied ridge was better than furrow
closed at both end. This implies that, the tied ridge was
conserved more moisture than furrow closed at both end and
well providing better revenue than furrow closed at both end
in both districts. This results agreed with that of revenues of
yield and crop residue obtained from tied ridge was better
than furrow closed at both end in both districts [11]. The total
estimated revenue obtained from the tied ridge and furrow
closed at both were 85,118 and 68,366 ETH Birr ha' at
Negele Arsi and 69,089 and 66,066 ETH Birr ha” at Adami
Tulu Jido Kobolcha districts respectively (Tables 7 and 8).
The estimated revenues obtained from in-situ moisture

conservation was better in Negele Arsi than ATJK distict.
This might be a better rainfall and the soil retain more
moisture in Negele Arsi than Adami Tulu Jido Kobolcha
district.

3.3.2. Net Benefit

Net Benefit obtained from the experiment at Negele Arsi

Net Benefit obtained from tied ridge per hectare =Total
revenue/ha- total cost/ha

Net Benefit obtained from tied ridge per hectare =85,118 -
34,870 birr ha'=50,248 ETHBirr ha™'

Net Benefit obtained from furrow closed at both end per
hectare =Total revenue- Total cost

Net Benefit obtained from furrow closed at both end per
hectare =68,366-31,270 Birr ha"'=37,096 ETH Birr ha™

Net Benefit obtained from the experiment at Adami Tulu
Jido Kombolcha (ATJK)

Net Benefit obtained from tied ridge per hectare =Total
revenue/ha- total cost/ha

Net Benefit obtained from tied ridge per hectare =69,089 -
30,970 birr ha! =38,119 ETH Birr ha™!

Net Benefit obtained from furrow closed at both end per
hectare =Total revenue- Total cost

Net Benefit obtained from furrow closed at both end per
hectare =66,066-29,170Birr ha'=36,896 ETH Birr ha™'.
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The total net benefit obtained from tied ridge and furrow
closed at both end were 50,241 and 38,119 ETH Birr ha'in
Negele Arsi and ATJK districts respectively. This implies
that, the net profit obtained from tied ridge was better than
furrow closed at both end in both districts. This result agreed
that of the net benefit obtained from tied ridge was better
than furrow closed at both end [11]. In addition, this result
agreed with the reported of tied ridge has direct effects on
crop production and economic benefits over control due to
better moisture holding capacity [14]. In addition, total
estimated net profit obtained from furrow closed at both end
was better than flat bed (from farmers' feedback). This
implies that in-situ moisture conservation structure is better
in providing better net profit. In generally, the two structures
were better in the study in providing better net profit and
more economical.

4. Conclusion and Recommendation

The low crop productivity in the country particularly in the
study area is due to low soil moisture, erratic and poorly
distributed rainfall. This calls to design an effective and
efficient in-situ moisture conservation strategies. The effect
of selected in-situ soil and water conservation measure (tied
ridge and furrow closed at both end) was better in terms of
maize productivity. The tied ridge structure gave more mean
grain yield than furrow closed at both end. Tied ridge and
furrow closed at both end showed a promising result on
providing maize grain yield.

From the above results, the tied ridge and furrow closed at
both end were gave better net benefit. These two structures
are more economical and it is better if it is more scale up the
study area and similar agro ecology.

Therefore, tied ridge and furrow closed at both end is best
for mitigation of low moisture in the study area and similar
agro-ecology. As future recommendations, it needs to
disseminate the results of the present to end user. Agricultural
and natural resource office should be given a great attention to
popularized, awareness creation and scaling up of this
technologies to overcome problem of moisture deficit and
improve land productivity in the study area and similar agro
ecology. In addition, the theoretical and practical training
should be provided to farmers on in-moisture conservation by
schedule.
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