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ABSTRACT

Vertisols account for about 70 percent of all highland soils with slopes between 0 and 8 percent in Ethiopia. 
The high clay content of the Vertisols is responsible for their heavy water logging in highland areas 
with abundant rainfall and low infiltration rates which imposes severe restrictions on the traditional 
agricultural use of these soils and only 25 percent are currently cropped, mainly using residual moisture. 
Much of this land is left fallow and subject to erosion during the heavy rains. This study evaluated the 
performance different drainage technologies for wheat (Triticum aestivum) and water use efficiency on 
field plot in 2015 at Ginchi district, west Shoa Zone of Oromia Regional State. Four treatments such as 
drainage technologies (Aybar BBM (Broad Bed Maker), Shaga, Shurube and control) were laid out in 
Randomized Complete Block Design (RCBD). Traditional technologies has extended the duration of the 
growing period of wheat on average by 6 days from 93 days under the Aybar BBM to 99 days in control. 
Aybar BBM increased grain yield of wheat from 2318.21kg ha-1 from the control to 4652.45kg ha-1, while dry 
biomass was increased by 28% as compared to the control. Existing moisture chickpea (Cicer arietinum) 
was harvested and using Rain water harvesting in the pond root beet (Beta Vulgaris) and carrot (Daucus 
carota) were harvested as a triple cropping in the same field plot. Therefore, it was concluded that new 
drainage technologies in vertisols such as Aybar BBM re-enforced by water harvesting increased the 
gross crop yield and double as well as triple cropping can be achieved.

Highlights

 m Research advancements in drainage technologies like Aybar BBM will solve the problem of water 
logging during the rainy season and has substantial impact in enhancing wheat productivity in 
vertisols.

 m Advancement of water harvesting techniques for a better utilization of the drained excess water for 
irrigation for a third crop is absolutely beneficial for enhancing productivity.

 m Watershed approach to the application of the Aybar BBM technology would be more advantageous.
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Rain-fed agriculture contributes the largest share 
in the total agricultural production in Ethiopia and 
this is expected to continue in the foreseeable future 
as indicated in the sustained increase in land area 
under rain-fed farming (Sileshi et al. 2011).
From an estimated global 300 million ha of Vertisols, 
43 million ha are located in tropical Africa. An 

additional 80 million ha of soils with ’vertic’ 
properties require similar management as Vertisols 
for exploiting its agricultural potential (Virmani, 
1988). Ethiopia ranks third in Vertisols abundance 
in Africa after the Sudan and Chad (Birhanu Debele, 
1985). An estimated 7.6 million ha of Ethiopian 
Vertisols are located in the highlands above 1500 
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m a.s.l. and on higher elevations (> 2500 m.a.s.l.) 
in temperate ecosystems (Birhanu Debele, 1985; 
Jutzi and Mesfin, 1987; Lakew et al. 2005; Teklu 
et al. 2006). The highlands cover 40% of the total 
landmass of the country but account for about 95% 
of all cultivated land. Hence, the importance of 
Vertisols in the country is unquestionable.
However, most of the Vertisols suffer from 
excess water and poor workability and are also 
underutilized, and largely used for dry season 
grazing (Srivastava et al. 1993). Potentially, Vertisols 
are productive soils, but they are not easy to 
cultivate due to their poor internal drainage and 
resultant flooding and water logging during the 
wet season which contribute for lower crop yields. 
About 2 million hectares of highland Vertisols are 
currently being cropped. This means presently 
only 25% of the 7.6 million hectares Vertisols in the 
highlands are cultivated (Rutherford et al. 2001).
Wheat (Triticum aestivum) is one of the major 
food crops with low productivity in Ethiopia. It 
is the second important cereal crop with annual 
production of about 3.43 million tons cultivated on 
area of 1.63 million hectares (CSA, 2013). Most parts 
of the highlands generally receive adequate amount 
of rainfall in normal years, which eventually drains 
into lakes and rivers. Unfortunately, much rainwater 
is lost in absence of adequate conservation and 
harvesting activities. Rainwater harvesting can be 
broadly defined as a collection and concentration 
of runoff for productive purposes like crop, fodder, 
pasture or trees production, livestock and domestic 
water supply (Ngigi, 2003).
Ginchi district Dendi woreda soil is characterized 
by vertisol and endowed with ample water resource 
and receives abundant rainwater. However, 
traditionally farmers use low yielding crop varieties 
and do not usually apply improved surface drainage 
practices. However some farmers use ridges and 
furrows, late planting, handmade broadbeds wit 
furrows, and soil burning practices to solve water 
logging problems. The low level of rain water 
harvesting for crop production observed at the 
national level is also seen here. The problem is 
aggravated due to the fact that the majority of the 
farmers are highly dependent on traditional farming 
system and rain-fed agriculture.
In an attempt to increase agricultural productivity 
and improved food security at both national and 

household level, efforts have been underway to 
generate and disseminate improved agricultural 
technologies among smallholder farmers. The 
productivity of Vertisols can be increased by surface 
drainage. Broadbeds and furrows (BBFs) made with 
low-cost, animal-drawn implements help drain 
excess water (Jutzi et al. 1986), thus enabling farmers 
to plant crops early in the main rainy season. 
Run-off rainwater can be conserved in ponds or 
reservoirs (Abiye et al. 1986) and used to irrigate 
the land for a second crop even for triple cropping.
Vertisols has good potential to provide favorable 
conditions for high crop productivity. Vertisols are 
productive, provided there is good aeration for the 
respiration of crop roots. However, Vertisols in the 
study area are usually water-logged during the 
rainy season. Therefore, draining out excess water 
through providing optimum drainage facilities is 
the way out to make Vertisols highly productive. 
Effective management of Vertisols in the region 
is very crucial due to their poor drainage and 
resultant flooding and water logging during the 
wet season. Consequently, Vertisols in Ethiopia are 
currently underutilized, and largely used for dry 
season grazing. The cultivated Vertisols give low 
yields, and are exposed to soil erosion because 
the fields are ploughed before the main rains and, 
sown towards the end of the rainy season to avoid 
water logging. While Vertisols remain underutilized, 
population pressure has pushed crop production 
and livestock grazing to steep slopes causing 
serious de-vegetation and soil erosion. Therefore, 
in food deficit Ethiopia, removing constraints to 
crop production in vertisol areas is of very high 
importance (Tekalign et al. 1993).
The inherent management problem occurs due to 
water logging caused by the slow percolation rates 
of these soils coupled with low evaporation for 
tapping their agricultural potential in the highlands. 
Compared to the drainage problem, erosion caused 
by the runoff from the higher landscape and from 
draining off the excess water can exacerbate soil 
erosion, especially gully erosion, which is another 
major problem of these soils in the highlands 
(Morgan, 1972).
 Despite improvements in crop productivity, farmers 
did not widely adopt the Aybar BBM citing heavy 
weight of the implement, lack of stability during 
operation and other reasons. Recently, a new type 
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of BBM called Aybar BBM has been developed. 
Field evaluation of the Aybar BBM by farmers in 
different parts of the country showed that Aybar 
BBM is lighter, requires less draft power, it is stable 
during operation and it gives higher crop yields, 
among others compared to the old AybarBBM 
(Rutherford AS, 2008). Scientific research to validate 
the responses of wheat to surface drainage by 
using Aybar technology and harvesting water from 
drained farms in specific place at Ginch area needs 
further study.
The aim of the study was to assess the performance of 
wheat influenced by different drainage technologies. 
The study particularly targeted to determine 
the effect on surface drainage of Vertisols using 
different technologies such as Aybar BBM, Shaga 
and Shurube on the yield and yield components of 
wheat. Further goal of the research was to investigate 
the benefits of integration of surface drainage with 
water harvesting ponds on crop yields and water 
productivity and to study the economics of applying 
surface drainage technologies on Vertisols at 
Ginchi district. The study was conducted in Ginchi 
district, which is found in West Shoa Zone, and 
a representative site for the vertisol in Ethiopia. 
The study explored differential impacts of surface 
drainage of vertisol using different technologies 
on wheat yield and yield components and water 
harvesting performance on double and triples 
cropping.

MATERIALS AND METHODS
The experiment was conducted in Dendi district; 
one of the districts found in West Shoa zonal 
administration; Oromia National Regional State in 
2016. Dendi is one of the eighteen districts in west 
Shoa Zone, and located at 76km West of Addis 
Ababa; the capital city of Ethiopia, and 40km to the 
East of Ambo town; zonal city of West Shoa. The 
district is bordered by Wonchi district in the South, 
by Ambo district in the West, by Jeldu district in the 
North by Ejere district in the East, and by Dawo 
district of South West Shoa Zone in the South East 
(CSA, 2013).
Dendi district is divided into different altitudinal 
ranges: 29% high land altitude (Dega) and 71% mid 
altitude (Weyna-Dega). There are 47 rural peasant 
associations (PAs) and 6 urban kebeles in the district 

with an average altitude between 2,000 meters to 
3,288 meters above sea level (CSA, 2013).
The design used for this field experiment was 
Randomized Complete Block Design (RCBD) with 
four treatments and three replications. Single plot 
size of the experiment was of 40m length and 7.5m 
width. Hence, total plot number of the experiment 
was twelve (four × three). The treatments were 
assigned randomly to the plots within a block.
The design used for this field experiment was 
Randomized Complete Block Design (RCBD) with 
four treatments and three replications. Single plot 
size of the experiment was of 40m length and 7.5m 
width. Hence, total plot number of the experiment 
was twelve (four × three). The treatments were 
assigned randomly to the plots within a block.
The four treatments such as drainage technologies 
Aybar BBM (which is a latest technology in surface 
drainage using Broad Bed Maker), Shaga (traditional 
method of bed making with bushy material attached 
to the traditional plough), Shurube (also a traditional 
method of furrow making by traditional plough 
(Maresha) and control (traditionally practised 
by some farmers which is direct sowing without 
draining water). The four treatments were laid out 
in Randomized Complete Block Design (RCBD).
The experimental field was ploughed with oxen 
drawn plough as per the recommended tillage 
practice for the wheat crop (three times before 
sowing) to have good and uniform crop stand. 
According to the design, field layouts were made 
and each treatment was assigned randomly to the 
experimental units within a block.

Sowing

Before seedbeds were prepared, Kakaba wheat 
variety was sown at the recommended rate of 150 
kg seed ha-1 manually by broadcasting method in 
June 27/2015, before the application of the different 
drainage technologies

Fertilizer application

The fertilizer application was done based on the 
recommended rates of 100 kg DAP and 100 kg 
UREA per hectare.

Weeding, harvesting and threshing

Weeding, harvesting and threshing were carried out 
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manually (physically and mechanically) according 
to the farmers’ practices and chemical herbicides 
and pesticides were applied to avoid sudden 
occurrence of weeds and diseases on the crop. 
Therefore weeding was done at 3 and 4-6 weeks 
after planting.
All data requiring laboratory analysis 1000 seed 
weight (gm) and straw yield were conducted at 
Ambo University.

Soil sampling and analysis

Soil samples were taken from the experimental 
site for laboratory analysis. Laboratory services 
were obtained from Ambo University Agriculture 
laboratory for texture and bulk density and pH 
analysis. Soil pH was measured potentiometrically 
using a digital pH meter in a 1:2 soil to water ratio 
suspension (Van Reeuwijk, 1992)

Bulk density (BD)

Soil bulk density was determined on undisturbed soil 
samples following the core sampling method. Bulk 
density was then calculated from the measurement 
of the bulk volume, using the core length and the 
diameter of the cutting edge of the sampler (Eq. 1).
Mathematically it is expressed as;

BD = (Weight of dry sample (g)) / (Volume of 
sample (cm3))

Texture analysis

The soil texture analysis for the study site was 
determined from disturbed soil samples. The 
particle size analysis using hydrometer method 
and the texture groups were determined by USDA 
textural triangle chart. Soil sample was taken from 
the surface of the study area.

Digging of ponds and installation of 
equipment

Ponds were dug at the lowest point of the catchment 
based on topographic surveys. One pond with the 
standard size of 130m3 used for the study (Fig. 2 and 
3). Excess water drained from plots was led to the 
ponds with appropriate silt traps dug close to the 
ponds. The ponds were lined with geo-membranes.
At the centers of each pond a graduated bar 
was placed so as to monitor water levels. A flow 

measuring trough was also placed at the lowest 
point near the pond to measure the amount of water 
flowing out of the pond. Two manual rain gauges 
were installed near the experimental plots for daily 
measurement of rainfall.
Dimension of trapezoidal pond in the study area 
shows as follows:

( ) 2 2

3

H
V At Ab At Ab= + + +

Whereas: V: storage capacity, m3

H: water storage depth, m
At; width at the top, m
Ab: width at the bottom, m

Runoff Harvesting Efficiency (RHE)

Can be measured as the ratio of the amount of water 
collection and diversion mechanism of the system. 
Losses during harvesting can be minimized by 
proper management of the catchment and diversion 
channel. It can be mathematically expressed as 
follows (Suresh, 1997):

   

  * *

Water harvested Runof f harvested
RHE

Total runof f P C A
= =

Where: P is design rainfall; C is runof f coefficient 
and A is catchment area

Runoff Storage Efficiency (RSE)

Is the ratio of the amount of runoff available in 
the storage to the amount of runoff input, which 
actually gets into the storage unit. The ratio can 
be one if and only if no seepage and evaporation 
losses occur in the pond. This can be expressed as 
(Suresh, 1997):

  – 

 

      

 

Water input Losses
RSE

Water input

Water consumed Water in the storage

Water input

= =

+

System Efficiency (SE)

It measures the effectiveness of the whole system 
that indicates how much of the runoff produced 
on the catchment of rainwater harvesting systems 
is consumed for irrigation or any other purpose. It 
is calculated as follows (Suresh, 1997):
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Water consumed Water in the storage
SE

Total runof f

+
=

Water productivity (WP)

Is the ratio of the physical yield of a crop (kg) and 
the amount of water consumed (m3), including both 
rainfall and supplemental irrigation (Arega Yimer, 
2003).

   

Yield
WP

Amount of water consumed
=

Catchment area

The water which is stored in the pond was collected 
and harvested from different farm plots. On average, 
the size of the catchment for system was 0.8 ha and 
the dominant land use type was cultivated land.

Diversion channels

In the study area for there was various diversion 
earthen channel used for diverting and conveying 
the runoff from the catchment to the silt trap or 
directly to the storage. The diversion channel 
was standard in size with an average width of 
0.26 m and depth of 0.20 m. These channels were 
constructed by Aybar BBM during planting.

Silt trap

The silt trap reduced the sedimentation on average 
by 11.25% in the study area. According to Tekeste 
Hailemariam (2012) the efficiency of these silt 
traps was measured in nearly 9 ponds and it was 
found that they reduced sedimentation on average 
by 10.53%. Based on the observation the ponds 
had little sediment that could easily be removed 
manually and siltation was not seen as a serious 
problem by DAs. Some of the dried ponds had a 
sediment load of nearly 3.5 cm thick.

Storage ponds (Trapezoidal rainwater 
harvesting tank)

The storage capacity design of trapezoidal structure 
in the study district had 130 m3, 8m by 8m top area 
and 3m by 3m bottom area and 3m depth (Dendi 
woreda Agricultural office (unpublished), 2015. 
The construction of the structure was done with 
different storage capacity and construction materials 

depending on the volume of water harvested and 
availability of construction materials. In Ginchi 
districts geo-membrane plastic sheet with the size of 
13.5m X 13.5m was used for lining the floor and wall 
of the storage pond after excavation of the soil. The 
plastic was placed on to well-shaped and smooth 
surface trapezoidal shaped rainwater storage. One 
meter length of excess plastic was extended on 
which stones were placed at mouth of the storage 
pond in order to fix it with the ground. The plastic 
sheet was purchased from Addis Ababa and it was 
cut and welded in the region (Ginchi and the rest 
in Addis Ababa) to fit the size of the trapezoidal 
structure.

Irrigated area

Based on the data from study area the land which 
is irrigated was the same as that of the land used 
for wheat in Farmers Training Center (FTC) and the 
land was 0.03ha. But according to Oromia Bureau 
Agriculture (BOA, 2003) the design was normally 
to irrigate 0.043 ha of land by using storages with 
the capacity of 130 m3 (trapezoidal). However, the 
water was not done as per the plan because the 
land in the FTC was limited to demonstration work 
only. The slope of the surveyed land was three (3) 
percent and the texture of the soil was clay. The 
dominant crop planted was chickpea as double crop 
and vegetables carrot were directly planted and root 
beet was transplanted from other area which was 
nearer to that field plot.

Crop data collection

Days to 50% wheat flowering was taken as the 
time from the date of planting until half of the 
plant populations in the farm plot started to flower. 
Similarly, days to maturity for wheat was taken 
as the time from date of planting until 90% of the 
plants in a plot reached physiological maturity 
based on visual observation.

Crop growth parameter

Plant height was measured at maturity, from ten 
random selected plant samples of the harvestable 
by Aybar BBM, Shaga, Shurube and Control field 
plots, from the ground level to the tip of the spike.
For the experiment on wheat, biomass or biological 
yield was measured by weighing the total above 
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ground plant biomass within each treatment; 
the numbers of fertile tillers were determined by 
counting the tillers from an area of 1m × 1 m. 
sampling sites were randomly selected by throwing 
a quadrant into the middle portion of each plot at 
physiological maturity. Grain yield (kg/hectare) 
was measured by taking the weight of the grains 
threshed from each treatments field plot and 
converted to kilograms per hectare after adjusting 
the grain moisture content to 12.5%. One thousand 
kernels weight was measured by weighing 1000 
seeds from the harvest.
Adjusted yield developed by (Dickey- john) was 
calculated as:

Adjusted yield = 
100

Actual yield ×
100

M

D

−
−

Where M, is the measured moisture content in grain 
and D is the adjusted moisture content (12.5%)
Harvest Index was calculated as:

( )% 100
SY

HI
BY

= ×

Where HI is harvest Index, SY is grain yield and BY 
is above ground dry biological yield
In order to know the economic feasibility of rain 
water harvesting it’s used to analyze through benefit 
cost ratio. Economic feasibility is a very important 
factor in its acceptance by population. Rainwater 
harvesting systems can be economically viable and 
attractive to the beneficiaries. For the success or 
failure of the system, the socio-economic aspects are 
just as important as technical aspects of rainwater 
harvesting projects.
The project to be economically feasible, the benefit 
cost ratio should be more than one. To calculate 
the benefit-cost ratio, all inputs and outputs should 
be identified, quantified and valued (Gittenger, 
1982). Mathematically the benefit-cost ration can be 
expresses as (Gittenger, 1982).

 

 

Total Benefit
BCR

Total Cost
=

Economic analysis was made following CIMMYT 
methodology (CIMMYT, 1998). The cost of 100kg 
urea (1087ETB), 100kg DAP (1415 ETB) were used 
for the benefit analysis. The analysis of data in 

relation to different factors of production under 
test viz: the methods of plough for wheat crop 
were computed in terms of: (1) Gross returns (ETB 
ha-1) from total economic produce and by products 
obtained from the crops included in the cropping 
system are calculated based on the local market 
prices at harvest, (2) Net return (ETB ha-1) (Gross 
return – cost of production), (3) Cost of production 
(ETB ha-1), (4) Benefit Cost ratio (Gross return/ 
cost of Production), (5) Per day productivity (kg 
ha-1), (Grain Yield/Crop duration), (6) Return/Birr 
Investment (Net return/Production Cost) were 
determined.
All agronomic data collected were subjected to the 
analysis of variance (ANOVA) as per the design 
used in the experiment using statistical software 
SAS (2002) version 9.1. Means that were significantly 
affected by the treatments were separated using the 
Least Significant Difference (LSD) test at 5% level 
of significance.

RESULTS AND DISCUSSION

Rain water harvesting efficiency evaluation

The Technical Performance Evaluation indicators 
showed that in Ginchi district rain water harvesting 
pond theRunoff Harvesting Efficiency (RHE) 
wasless. This is mainly due to the land which is 
planned for catchment was very large compared 
to the water in the storage. This indicated that the 
delineated catchment was more than sufficient or 
not proportional to crop land or irrigation water 
requirement. 

Table 1: Technical performance efficiency on 
rainwater harvesting systems (Adapted from cropwat 

.net 2015
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1 Pond 0.029 0.84 0.02 17.95

RWHS; Rain water harvesting system.

Runoff Storage Efficiency (RSE) in all systems was 
less than one due to evaporation losses (5mm). The 
rain water harvesting collected in the pond were 
solve the problem of downstream farmers which 
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is affected by excess water comes from the above 
farm land. During the 2015/16 rainy season there 
was shortage of rain in Ethiopia due to El Niñorain 
water harvesting in Ginchi district were solve the 
water shortage and rain irregularity in study area.

Days to 50% flowering

Planting method significantly affected mean number 
of days to heading (P<0.05) (Table 2). The control 
and shurube planting method delayed days to 
heading, as compared to the shaga and Aybar BBM 
treatments. This indicates the effect of excess soil 
moisture in delaying the number of days required 
to reach heading in wheat crop. Presence of excess 
moisture in the root zone of wheat had reduced 
the availability of oxygen essential for respiration 
of roots. In addition, excess moisture had resulted 
in reduced intake of essential nutrients, which 
had a negative impact on ear head formation of 
wheat. Reports of similar work on other durum 
wheat varieties also indicated a delay of 3 to 6 
days depending on the cultivars under excess soil 
moisture condition (Bemnet et al. 2003). A delay of 
days to heading due to excess soil moisture was also 
reported for winter wheat (Belford, 1981).

Table 2: Mean values of crop component traits for 
wheat grown at Ginchi in 2015

Treatment Days to 50% 
flowering

Days to 
maturity

 Aybar BBM 70.9c 93c

Shaga 73.75b 95b

Shurube 74.1b
97b

Control 76.1a 99a

LSD (P<0.05) 1 2.3
CV (%) 1.96 2.35

Days to maturity

Number of days to maturity was significantly 
affected (P<0.01) by planting methods, varieties 
(Table 3). The results indicate that plants grown 
under the shurube and control took an additional 
more than one week time to reach physiological 
maturity as compared to plants grown under the 
AybarBBM. Based on the data AybarBBM, shaga 
and shurube takes 93, 95 and 97 days respectively 
to mature while control was takes 99 day to mature. 
This shows that the effect of water logging in 

restricted intake of essential nutrients, respiration 
of roots and other physiological activities, which 
resulted delay in the maturity Sharma and Swarup 
(1989) also reported a similar result. The result 
shows that under Aybar BBM the land can be used 
for double and triple cropping due to its possibility 
to harvest the crop early and thus enhances the 
farmer’s income considering the substantial increase 
in cropping intensity (%) and thereby multiplying 
the yield output per unit area of land. The ‘Kekeba’ 
variety of wheat used for first cropping was proper 
for this method due to the variety was harvested 
early compared to other variety.

Table 3: Mean values of crop growth attributes for 
wheat grown at Ginchi in 2015

Treatment Plant 
height(cm)

Number 
of seed per 

head

Tiller 
number

Aybar BBM 83.53a 48.1a 4.6a

Shaga 78.1ab 37.03b 3.56b

Shurube 77.06ab 27.8c 3.16c

Control 73.73b 26.3d 2.7d

LSD (P<0.05) NS 1.439 0.32
CV (%) 4.64 2.06 4.67

NS= Non-Significant.

Number of tillers per plant

The number of effective tillers was markedly 
increased due to the treatments at (P<0.001) (Table 
4). The number of productive tillers depends 
on genotype and environment and it is strongly 
influenced by planting density. Number of effective 
tillers is one of the yield components of wheat that 
contributes to high straw and biomass yield.
Accordingly, the highest number of effective tillers 
were recorded from treatment of BBM (4.6/plant) 
followed by Shaga (3.56/plant) while (3.16/plant) for 
shurube plough methods. The lowest plant tillers 
were recorded in control (2.7plant). The reason for 
higher effective tiller numbers under AybarBBM 
there were equal distribution of seed and fertilizer 
while in shaga method the land were exposed to 
erosion and the nutrients and seed were leached, 
whereas in the shurube and control there were 
dumping of soil over seed. This agrees with the 
findings of Bellford et al. (1985) that excess soil 
moisture suppressed spikes per m2 and spike length 
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considerably compared to better drained seedbed. 
These results indicated the higher sensitivity of 
spikes per m2 to water logging stress than spike 
length.

Number of seed per head

The number of seed per head was significantly 
affected in Aybar BBM treatment (P<0.05) . Averaged 
over treatments, the Aybar BBM treatment gave 
significantly higher number of kernels per spike 
than the Shaga, Shurube and control treatments 
(Table 4). Based on the data, the highest value 48.1 
seed/head was recorded in Aybar BBM plot whereas 
the control had the least value of 26.3 seed/head 
among all the treatments. This is in agreement 
with Bement et al. (2003) who stated that excess soil 
moisture suppresses number of kernels/spike. It is 
also supported by Greive et al. (1986) who pointed 
out that excess soil moisture during tillering and 
stem elongation leads to fewer tillers, more floral 
sterility and fewer grains per spike, and reduced 
individual weight.

Thousand seed weight

There were significant differences (p<0.05) among 
treatments in 1000 seed weight in AybarBBM 
and Shaga treatments whereas the control gave 
significantly lower thousand seed weight. Shurube 
and control had significantly lighter seed weight 
(Table 5) as compared to Aybar BBM and Shaga. The 
mean value for Aybar BBM and Shaga treatments 
were 44.75g and 41.88g, respectively, whereas the 
value of Shurube and control were 40.05g and 35.64g 
respectively.
The reason for higher kernel weight in Aybar 
BBM plot was due to effective management excess 

water resulting in better uptake of nutrients and 
realization of agronomic potential of the improved 
seed.

Straw yield

The mean straw yield of wheat was significantly 
affected (P<0.05) by different tillage practices. 
When comparison was made among the treatments, 
significantly higher straw yield value was observed 
in Aybar BBM treatments and non- significantly 
higher straw yield was observed on Shaga and 
Shurube drainage system as compared to control. 
The difference due to treatments resulted in a 
significant effect on the straw weight during 
cropping season. The lowest weight of straw was 
resulted in control plot (Table 5). Several authors 
had reported increased yields of some crop grown 
on Vertisols due to the use of BBM as compared 
to flat seedbeds (Abiye et al. 1995; Srivastava et al. 
1993; Teklu et al. 2006).

Biomass

The above ground biomass yield of wheat was 
significantly (P≤0.05) affected by treatments. The 
highest biomass yield (227.80 kg ha-1) was obtained 
from Aybar BBM whereas the lowest biomass yield 
(162,77kg ha-1) was obtained from the control. Early 
sowing of wheat on Aybar BBM increased average 
biomass yield by over 63% as compared to the 
traditional late sowing on flat seedbeds (Teklu et 
al. 2013)

Grain yield

Results of analysis of variance indicated highly 
significant differences (p<0.001) among the 
treatments in terms of grain yield (Table 5). The 2015 

Table 4: Mean biomass, straw yield, kernel weight, grain yield and harvest index of wheat grown at  
Ginchi in 2015

Treatment Biomass (kg ha-1) Straw yield(g) Thousand seed 
weight (g)

Grain yield (kg/ 
ha-1)

Harvest Index 
(%)

Aybar BBM 22,780a 642a 44.75a 4652.45a 17.69a

Shaga 20,576a 480b 41.88a 3274.95b 16.8a

Shurube 18,325b 356c 40.05ab 2757.45c 13.22b

Control 16,277b 289c 35.64b 2318.21d 11.29b

LSD (P<0.05) 2229.22 75.01 5.982 10.62 3
CV (%) 23.43 8.49 7.37 6.56 10.2

NS= Non-Significant.
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main rain season received below average rainfall. 
The differences in grain yield due to drainage could 
be even larger in seasons receiving average and 
above average rainfall. Several authors reported 
increased yields of some crops grown on Vertisols 
due to the use of the Aybar BBM as compared to 
the flat seedbeds (Abiye et al. 1995; Haque et al. 
1996; Mohamed Saleem and Astatke, 1996). They 
suggested that the improvement in surface drainage 
and yield increase was spectacular during years of 
excessive rain. Abate et al. (1993) reported that from 
on-station trials for durum wheat (traditional local 
variety, Triticum durum L.), AybarBBMs compared 
with flatbed planting increased grain and straw 
yields by 60% and 36%, respectively.

Harvest index

Harvest index was significantly affected by seedbed 
preparation method (Table 5). The difference 
between Aybar BBM andShaga was not statistically 
different whereas the differences between these 
treatments with Shurube and Control were 
statistically significant. Similar results were also 
reported by Jutzi and Mesfin, (1987).

Double cropping

Double cropping pract icewas done in al l 
experimental plots. Due to logistical reasons it 
was not possible to dig ponds for each treatment. 
However, due to below average rainfall during the 
season it was possible to practice double cropping 
on all the treatments. With average and above 
average rainfall it may not be possible to practice 
double cropping in the controls because either the 
wheat crop could face complete crop failure or 
the difference in days to maturity would be much 
larger than what was observed making it impossible 
to practice double cropping. Moreover, water 
harvested from drained fields would be more than 
that from control.

Overall results demonstrate that grain yields of 
chickpea grown as double cropping using residual 
moisture and 13 m3 water were consumed as 
supplementary irrigation from the pond and from 
this production 900kg of chickpea from the same 
area were obtained. Double cropping adds nitrogen 
to the soil especially when the second crop is a 
nitrogen fixing crop like legumes. According to 
Campbell (1997) Chickpea (Cicer arietinum L.) is 
important food legume planted in the post-rain 
season (September/October) relying on residual 
moisture on major soil type. There are reports of 
complete failure of the second crop at Ginchi and 
elsewhere under rainfed conditions (e.g. Tanner et 
al. 1991), which makes the use of ponds beneficial. 
Baye and Berhe (2011) reported possibility of 
double-cropping of barley with chickpea on 
residual moisture substituting for the traditional 
fallow–chickpea cropping system on Vertisols in 
northwestern Ethiopia.

Triple cropping

Beet root and carrot were planted as triple-cropping 
under full irrigation using water stored in ponds. 
The results from triple cropping shows that 55m3 

water was consumed for this treatment and 157kg 
of beet root and 164 kg of carrot yield from the 
same treatment area was obtained from the same 
field plot. Triple cropping was possible because of 
water stored in the pond. Studies on the possibility 
of using rain water harvesting for double and triple 
cropping in Ethiopia, is lacking. This calls for more 
research on double and triple cropping as part of 
vertisol management package.

Benefit cost ratio (BCR) for rain water 
harvesting

In the Ginchi district the benefit-cost analysis 
result for RWH project indicates the system was 
economically feasible. Economically, with respect 

Table 5: Partial budget analysis for Wheat

Treatment Grain yield Adjusted yield 
(10%)

Gross benefit Total variable cost Net benefit 
(ETB ha-1)

Control 2318.21 2086.39 17734.31 3401.27 14333.04
Shurube 2757.45 2481.71 21094.49 3480.34 17614.15

Shaga 3274.95 2947.46 25053.37 3573.49 21479.88
Aybar BBM 4652.45 4187.21 35591.24 4018.44 31572.80
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to the rain water harvesting farming activities the 
benefit was greater than the cost. The result show 
that the general cost of for rain water harvesting 
farming was 5214.8ETB while the benefit gained 
from this project was 16382 ETB the overall cost 
benefit ratio for study area was 11167.2ETB. Beside, 
the economic benefit the project also facilitates 
employment generation, reduction of community 
migration, and creation of skill as indirect benefits 
of rainwater harvesting systems development. 
Labor that would be spent in fetching water is also 
considered as the opportunity cost.

Partial Budget analysis

Due to water logging most of the Vertisol area in 
the Ethiopian highlands is left fallow during much 
of the rainy season there by making it difficult 
to achieve food security in the country. Farmers 
use various traditional methods to reduce water 
logging in vertisol farm plots. In order to address 
the problem several technological innovations 
have been introduced. However, until recently 
the adoption of such innovations has been very 
low. Results of our field research in Ginchi district 
showed that Aybar BBM, while addressing technical 
problems associated with previous version of the 
BBM, gave the highest grain and biomass yield of 
wheat crop.
To assess the cost and benefit associated with 
different treatments, the partial budget technique 
of CIMMYT (1988) was applied on yield of the 
wheat crop. The result of economic analysis showed 
that Aybar BBM recorded the highest net return of 
ETB 18643.63 with MRR value of 7068.62 which is 
economically feasible.
The problem of managing excess water removed 
from waterlogged fields has been solved by 
collecting the water in a pond and 13m3 water 
consumed for second cropping as supplementary 
irrigation and 55m3 water for triple cropping. From 
consumed water 900kg of chickpea from second 
cropping as well as 157kg of Carrot and 164kg of 
beet root harvested from triple cropping at the same 
field plot. From
Thus, in the Ginchi district, where wheat is 
traditionally produced, the use of Aybar BBM is 
not only technically viable, but also economically 
promising and ecologically desirable.

Based on the findings of this study, the following 
recommendations can be made:

 � The findings of the study indicate that significant 
additional effort should be dedicated to the 
design and implementation of the extension 
campaigns for promoting new agricultural 
technologies like Aybar BBM to solve the 
problem of water logging during the rainy 
season.

 � Promotion of water harvesting techniques 
for a better utilization of the drained excess 
water such as irrigation of a third crop is 
recommended.

 � A watershed approach to the application of 
the Aybar BBM technology would be more 
beneficial.

 � Further research in different localities is 
required to verify the conclusions of our 
research.
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