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Synopsis

The traditional tillage implement, the Maresha plow, and the tillage systems that
require repeated and cross plowing have caused poor rainfall partitioning and
hence low water productivity in Ethiopia. Considering the limitations to a wider
application of irrigation schemes among the resource poor farmers, it is critical
that the available rainwater is managed properly by increasing infiltration and
water holding capacity of the soil and by minimizing evaporation losses
especially during the dry periods. Conservation tillage with no-till has been used
by farmers in America (south and North) and Australia to alleviate these
problems. However, since no-till could not be easily adopted by smallholder
farmers in Africa, due to socio-economic and environmental problems, locally
adapted conservation tillage systems have been introduced in several parts of the
continent in order to improve labor, soil and water productivity. Direct
application of these techniques to Ethiopia was again constrained by the fact that
the conservation tillage implements developed for farmers in other African
countries do not fit on the frames of the traditional tillage implement used in
Ethiopia. Furthermore, the unique crop in Ethiopia, tef (Eragrostis tef (Zucc)
Trotter), has to be broadcast, which makes it difficult to apply conservation
tillage systems developed for row planted crops.

This thesis reports on research carried out to evaluate alternative conservation
tillage systems suitable for the smallholder farmers in semi-arid Ethiopia.
Surveys were carried out in order to study the traditional tillage systems in two
selected semi-arid areas and to identify reasons for repeated plowing. Implements
that were developed as modifications or attachments to the traditional tillage
implement, the Maresha Plow, have been tested in the field in order to evaluate
their suitability for undertaking conservation tillage. Strip tillage systems for
maize production that involve opening of furrows with the Maresha Plow
followed by planting along the cultivated lines with subsoiling (STS) or without
subsoiling (ST) were compared with the traditional tillage system (CONYV).
Improved tillage systems for tef production that involve plowing once with the
Maresha Modified Plow and the use of the Sweep at planting with subsoiling
(ITS) or without subsoiling (IT) have been compared with CONV. Assessment of
the different tillage systems were made on water productivity and profitability.
Daily rainfall, surface runoff and soil moisture were directly measured while a
physically based model and a conceptual threshold model were used to estimate
the water balance components.

It was realized that repeated plowing is caused by the V-shaped furrow created
by the Maresha plow, which leaves unplowed strip of land between adjacent
passes. Farmers are forced to carry out cross plowing to disturb the unplowed
land. Cross plowing on steep slopes can cause high surface runoff when the
furrows are laid along the slope. According to farmers, the main purpose of
tillage is to conserve moisture and to control weeds. Dry spells occurring
between rainfall events create surface crusts and allow emergence of weeds thus
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forcing farmers to plow frequently. Soil warming is also perceived as a purpose
of tillage but this needs further investigation.

The conservation tillage implements that were developed as modifications to the
traditional tillage implement, the Maresha Plow, were found to be suited to the
respective operations they were developed for. The Subsoiler disrupted the plow
pan while the Tie-ridger made furrows of larger cross sectional areas than those
made by the Maresha Plow and the inverted Broad Bed Maker (BBM), with
lower pulling and lifting forces. Planting maize with the Row Planter resulted in
twice as much seedling emergence as manual placement of seeds leading to
increased grain yields in addition to saving labor and time. The Maresha
Modified Plow made U-shaped furrows and controlled weeds better than the
Maresha Plow.

Among the conservation tillage systems tested on tef, ITS resulted in the least
surface runoff (QOs=23 mm-season™), the highest crop transpiration (7=53 mm-
season™”), the highest grain yields (Y=1180 kg-ha™) and the highest water
productivity using total evaporation (Wpgr=0.42 kg—m’3) followed by CONV
(Os=34 mm—season’l, =49 mm—season’l, Y=1070 kg—ha’l, Wper=0.39 kg—m’3)
and MT (Qs=48 mm—season’l, T=32 mm-season’l, Y=890 kg-ha’l, WpEer=0.32 kg-
m™). Among the conservation tillage treatments tested on maize, STS resulted in
the least surface runoff (QOs=17 mm—season‘l), the highest transpiration (7=196
mm-season ), the highest grain yields (Y=2130 kg-ha™) and the highest water
productivity using total evaporation (Wpzr=0.67 kg-m™) followed by ST (Qs=25
mm-season’l, =178 mm-season'l, Y=1840 kg-ha’l, WpEr=0.60 kg-rn'3 ) and
CONYV (Qs=40 mm-season ", 7=158 mm-season™, Y=1720 kg-ha’l, Wpgr=0.58
kg-m™). However, when the time between the last tillage operation and planting
of maize was more than 26 days the reverse occurred. There was no statistically
significant change in soil physical and chemical properties after three years of
experimenting with different tillage systems.

A simple conceptual model simulated soil moisture in the root zone better than a
physically based model that employed Richards equations because preferential
flows are important in the semi-arid tropics whereas the physically based model
did not consider such flows.

The experiments have shown that it is indeed possible to introduce new
insights and new technology into traditional farming systems, provided these
innovations increase yields, reduce labor and are affordable. It is concluded
that the locally adapted conservation tillage technologies can help the
resource poor smallholder farmers in semi arid areas of Ethiopia achieve food
security by positively altering rainfall partitioning and by improving water
productivity. The improved implements and the conservation tillage system
tested on tef, ITS, can be popularized among farmers while additional trials
are required to verify the performance of STS, paying particular attention to
the time of subsoiling.
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Notations and Symbols

Notation Description Dimension

A The leaf area L’

Cc Correction factor to take account of leaf overlaps -

G, Specific heat of air at constant pressure L*T2°C!

D Interception threshold LT!

E Total evaporation LT!

E; Evaporation from the soil LT!

1 Interception LT

'y The leaf area index L2

K¢ Crop factor determining the proportion of crop -
transpiration to open water evaporation.

Kg A parameter that takes account of the share of deep -
percolation from storage in the root zone

L Leaf length L

N The number of leaves in each plant. -

P Precipitation LT!

Puner Net rainfall obtained by subtracting a runoff threshold LT!

Py Plant population L?

O Surface runoff LT!

R Deep percolation LT!

Ris Incoming short-wave solar radiation MT

R, Net radiation available for evaporation MT?

S Soil water storage in the root zone L

Src Stored soil water at field capacity L

Sw Stored soil water at wilting point L

T Transpiration by the plant LT!

Ty Plant transpiration when there is no limitation in soil LT
moisture

Wi The maximum width of the leaf L

Wer Water productivity using transpiration ML~

Wper Water productivity using total evaporation ML

Wpp Water productivity using rainfall ML

X The vector of independent variables -

Y Grain yield ML

Y; The intensity of tillage calculated as the ratio of each -
tillage frequency to the maximum tillage frequency

Y An underlying latent variable that indexes the intensity of -

l tillage

d Displacement height L

€ Actual vapor pressure ML'T?

e Vapor pressure at saturation ML'T

fa Displacement height factor -
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f(P(z) A factor used to reduce 7T if the soil water tension in the -
root zone drops below a critical value, ¥..
g Stomatal conductance LT!
Smax, Maximum canopy conductance LT!
Gris ris representing half light saturation MT?
Swpd vpd corresponding to 50% reduction in stomatal MT™L’
conductance
k Von Karman’s constant -
ky, Unsaturated hydraulic conductivity LT!
)2 Water uptake reduction coefficient 1 L3T!
P2 Water uptake reduction coefficient 2 ML*T!
ry Aerodynamic resistance. -
ris Global radiation intensity MT?
75 Surface resistance TL!
T Plant surface resistance for the canopy TL!
Vs Soil surface resistance L
Pyl Fy2 Empirical coefficients for surface resistance TL!
u Wind speed LT!
vpd Vapor pressure deficit MT?L!
z Soil depth L
Zo Roughness length. L
Zref Reference height L
A Slope of saturated vapour pressure versus temperature -
curve
v Soil water tension L
v Critical value of soil water tension for calculating T’ L
Y, Water tension at the soil surface. L
a Coefficient for leaf area -
p A vector of parameters to be estimated -
g, An error term. -
Y Psychrometer constant ML'T*
Pa Air density ML
Dy Density of water ML?
A Latent heat of vaporization LT
I-p The fraction of soil water available to the crop (Src-Sw) -

below which transpiration is limited by moisture stress






Chapter 1

INTRODUCTION

1.1 Overview

Land productivity in many parts of sub-Saharan Africa is declining (Middleton
and Thomas, 1997). Crop yields from staple food crops such as maize, millet and
sorghum remain in the order of 1 t grain ha' in smallholder rain fed farms
(Rockstrom and Jonsson, 1999). There is an urgent need for the introduction of
sustainable soil management practices in order to reverse the food crises in sub-
Saharan Africa.

In the semi-arid regions of Africa, short intense storms coupled with prolonged
dry spells make crop production difficult. Intensive rainfall causes a high
proportion of surface runoff that also carries away the top fertile soil. Due to high
temperatures, soil evaporation can reach 30-50% of the total rainfall leaving only
10-30% for crop transpiration (Figure 1.1). Poor rainfall partitioning leads to low
water productivity. Considering the limitations to a wider application of
irrigation schemes among the resource poor farmers, it is critical that the

Pl |

Al 1 1 _|. 'h

- 0-30%

Figure.1.1 General overview of rainfall partitioning in farmers' fields in semi-arid
savannah agro ecosystems in sub-Saharan Africa. P = seasonal rainfall, Es = soil
evaporation and interception, S = soil moisture, 7 = plant transpiration, Qs =
surface runoff and R = deep percolation. (Adapted from: Rockstréom et al., 2001)
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available rainwater is managed properly by increasing infiltration and water
holding capacity of the soil and by minimizing evaporation losses especially
during the dry periods.

Ethiopia is located in the Horn of Africa between 3° and 18° North latitude and
33% and 48° East longitude (Figure 1.2). Its population is currently estimated to
be more than 70 million. Agriculture is the mainstay of the country’s economy
with 60% of GDP coming from the sector. It is a means of livelihood for about
85% of the total population. The main power sources in agriculture have been
human and animals. According to surveys conducted earlier (Pathak, 1987), over
90% of the total agricultural produce comes from 5.5 million farmers employing 5
million oxen and cultivating 95% of the land under plow.

et

Figure 1.2. The location of Ethiopia in Africa.

The semi-arid areas in Ethiopia (Figure 1.3) cover 301,500 km?, which is 27 % of
the country. The semi-arid areas represent the crop production zone suffering
from a serious moisture stress (Engida, 2000). It is in these areas that food
insecurity and famine has always been reported (IGAD and FAO, 1995).
Shortage of rainfall is normally reported as the cause of famine in Ethiopia.
However, the total rainfall in the semi-arid areas can be as high as 700 mm-yr™
(Figure 3.1). One could ask why so much annual rainfall wouldn’t be sufficient
to grow crops. The underlying reason for the inability of farmers to feed
themselves in these areas is the high proportion of losses mainly as a result of
surface runoff and soil evaporation as demonstrated in Figure 1.1. In addition to
the environmental factors, the causes of poor rainfall partitioning are believed to
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be poor soil management with traditional tillage systems (Rockstrom et al.,
2001).

LEGEND

B Dry semi-arid

B Moist semi-arid

[l Study area

200 0 400 Kilometers

Figure 1.3. Semi arid areas in Ethiopia. (Source: IGAD and FAO, 1995). Areas
with length of growing period in the range of 60 to 119 days are classified as dry
semi-arid while areas with a length of growing period of 120-179 days are
classified as moist semi-arid.

Figure 1.4. The traditional tillage implement, the Maresha plow.
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1.2
Low Water Productivity

The ‘Cause and Effect Tree’ of Traditional Tillage and

Reduced water

productivity
Reduced water uptake per High surface High soil
plant runoff evaporation
A
More High Reduced use Shallow Poor
water Plant of available roots infiltration
used by population growing
weeds period
7y
g [ L3
Maize seeds Delayed Poor soil Furrows
broadcasted planting structure made along
the slope
\
A A A A
e | e
Longer Plow pan Excessive Cross Larger
time for formation pulverization plowing surface
tillage area
. .
L L)
P [
Inadequate Repeated plowing V-shaped furrows
weed control at shallow depths with unplowed
strips of land

A

Tillage with the Maresha
Plow

Figure 1.5. Cause and effect tree showing how traditional tillage systems with the
Maresha plow contribute to low water productivity in the dry semi arid regions

of Ethiopia.
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The traditional tillage implement in Ethiopia, the Maresha plow (Figure 1.4), and
the related tillage system that requires repeated plowing have caused reduced
water productivity through a number of ways (Figure 1.5).

Traditional tillage with the Maresha plow requires repeated plowing with any
two consecutive tillage operations carried out perpendicular to each other. Such a
practice of cross plowing is necessary because of the V-shaped furrows created
by the Maresha plow (Figure 3.2). Since a certain area of land is left undisturbed
in the first pass, farmers have to do a second tillage with furrows intersecting
each other in order to access the unplowed part. Otherwise, the plow will slip
into the previously made furrows thereby missing the unplowed strips. In
moderate to steep slopes, one of any two consecutive tillage operations will be
oriented along or nearly along the slope thus encouraging runoff. With the very
hilly topography of much of Ethiopia such tillage systems have caused large
losses of soil and water through runoft.

The V-shaped furrows also result in higher relative surface area exposure leading
to increased loss of moisture through evaporation. Rough surfaces resulting from
primary tillage operations that enhance higher rates of gas exchanges were also
identified to be causes of increased CO, emission (Reicosky, 2001) thus resulting
in high losses of organic carbon.

As it can be seen in Figure 1.5, because of incomplete plowing by Maresha,
farmers have to do repeated tillage in order to produce a fine seedbed especially
for tef. As a result, the soil is excessively pulverized thus resulting in poor
structure (crust formation, compaction, etc.). Moreover, the Maresha plow cuts
the vegetative parts of grass weeds which can result in more propagation and
multiplication. Hence, the inefficiency of Maresha in controlling grass weeds
forces farmers to do repeated tillage. If weeds are not properly controlled, crop
water uptake is reduced due to competitions. As a result of repeated tillage at
shallow depth plow pans may form (Chapter 3) which hinder water infiltration
(Whiteman, 1979) and root growth (Willcocks, 1984; Rowland, 1993).

During cross plowing, farmers are forced to run over the already tilled soil in an
attempt to access the unplowed part. Consequently, they spend almost 50% of the
time passing across already plowed furrows, which is even more during the third
tillage that is aimed at reaching spots of unplowed land left after the second
plowing. Such a repeated action also imparts a high amount of energy on some of
the soil particles leading to localized excessive pulverization. Excessive
pulverization damages the soil structure resulting in poor infiltration and shallow
roots. Shallow rooted plants use smaller amounts of water for transpiration,
which means reduced water productivity. On the other hand, poor soil structure
causes lower infiltration rates (Rockstrom and Valentin, 1997; Hoogmoed, 1999)
resulting in higher proportion of water lost through evaporation and surface
runoff (Figure 1.5).
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The other effect of repeated tillage with cross plowing is the longer time required
for seedbed preparations, which delays planting (Pathak, 1987) making it
difficult for the crop to fully utilize the available growing period. Moreover,
farmers broadcast seeds of maize, instead of row planting, because of shortage of
time resulting in high plant population and hence reduced water uptake per plant.
Lower maize yields due to broadcasting of maize were reported by several
investigators (Rowland, 1993). Figure 4.8 in chapter 4 shows poorly managed
fields with maize seeds broadcasted and no fertilizer applied (right) while the one
on the left is row planted maize with localized fertilizer application using animal
drawn row seeder.

1.3  The Solution

Past research on conservation tillage in Ethiopia has concentrated mainly on
reducing the number of tillage operations required for seedbed preparation.
However, mere reduction of tillage frequency while using the same implement,
the Maresha plow, and the same tillage system can compromise grain yields thus
making the practice unacceptable. Farmers have probably experimented with
different tillage frequencies over centuries and have chosen the type of tillage
frequency that they are using at the moment. Reducing tillage frequency would
have been farmers’ preference considering the limitations they face in terms of
time, labor and traction requirement. Therefore, research has to come up with a
different tillage system and/or different implements that can reduce tillage
frequency without compromising yields.

In semi arid regions, the key to increased local crop production is maximizing
infiltration at the expense of surface runoff. Moreover, techniques that lead to
reduced soil evaporation during dry spells increase the amount of water available
to crops. One way of achieving such objectives could be the introduction of
conservation tillage practices using appropriate equipment (Ahenkorah, et al.,
1995; Chen et al, 1998; Steiner, 1998; Tiscareno et al, 1999; Biamah and
Rockstrom, 2000; Freitas, 2000). According to Rockstrom et al (2001),
conservation tillage is any tillage system that conserves water and soil while
saving labor and traction needs. The attempts made to adapt the definitions of
conservation tillage to an African context have been influenced mainly by socio
economic and environmental constraints to maintaining the required soil cover
due to competition for crop residue by livestock and the inherently low bio-mass
production in low rainfall areas. The benefits of no-tillage are realized with soil
cover responsible for regulating soil temperature which also reduces evaporation
losses, reducing the impact of rainfall thereby reducing compaction and soil
erosion and reducing runoff by acting as barriers to water movement (Chapter 2).
Consequently, most of the research and extension activities have focused on
conservation tillage systems that involve ripping along planting lines and
subsoiling to break plow pans created by the repeated action of the plow using
improved implements such as the Magoye Ripper and the Palabana Subsoiler
(Hoogmoed et al., 2003).
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1.4  Problems that are peculiar to Ethiopia

In many sub-Saharan African countries, maize, which can and often is planted in
lines, is the staple food. Since maize is well suited for ripping based tillage in
which only planting lines are cultivated while leaving the area in between
undisturbed, such a tillage system has been successfully introduced (Biamah et
al., 1993; Steiner, 1998; Rockstrom et al., 2001). However, there has been very
little effort to develop conservation tillage system for broadcasted crops. In
Ethiopia, the majority of smallholder farmers grow a small seeded cereal called
tef (Eragrostis tef (Zucc) Trotter). Tef cannot be planted in rows unlike maize
and wheat because the plant has a very small size that makes it unable to fully
utilize spaces left between rows. Hence, there is a need to develop conservation
tillage systems that are suitable for fef production.

Conservation tillage systems developed in other African countries use
implements that were developed as modifications or attachments to the steel
moldboard plows. In Ethiopia, animal traction for tillage is associated with a
traditional plow known as Maresha. The Maresha plow has been used by the
highlanders for thousands of years (Goe, 1987). It is very simple, light in weight,
cheap, and is locally made. However, the conservation tillage implements
developed for farmers in other African countries do not fit on the frames of the
Maresha Plow. On the other hand, a number of improved tillage implements that
can be used for conservation tillage have been developed as modifications or
attachments to the Maresha Plow (Temesgen, 2000). This study was undertaken
to evaluate different types of conservation tillage systems using the Maresha
modified implements both for row planted and broadcasted crops.

1.5 Objectives

The general objective of this study is to increase the understanding of the
traditional and improved tillage systems and implements and to evaluate
alternative conservation tillage systems, in terms of their effects on yields, water
productivity, labor needs and traction requirements for the smallholder farmers in
semi-arid areas of Ethiopia.

The specific objectives of the study are:

1. To study when, how many times and why farmers undertake tillage for
maize and tef production.

2. To study the existence and the nature of plow pans under the Maresha
cultivation system.

3. To test the field performance of the improved tillage implements
including: the Subsoiler, the Sweep, the Tie-Ridger, the Row planter and
the Maresha Modified Plow.

4. To study the implications on surface runoff and water productivity of
strip tillage systems for maize production.

5. To study the implications on surface runoff and water productivity of
improved tillage systems for tef production.
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6. To study the short term effects of the proposed conservation tillage
systems on physical and chemical properties of soils.

1.6  Outline of the thesis

This thesis is structured into seven chapters. Chapter 1 introduces the problem
that led to the study and the structure of the thesis.

In Chapter 2, a research review on conservation tillage (CT) is presented showing
the historical developments and why one form of recipe can not be applied
everywhere leading to the hypotheses of the study.

In Chapter 3, the traditional tillage systems as studied in two selected sites in a
semi arid region of Ethiopia are presented. The studies reveal the rationale
behind repeated tillage as perceived by farmers. The timing and purposes of each
stage of tillage operation that are identified through the study can be useful in
developing suitable conservation tillage systems that can maximize water
productivity in semi-arid regions.

Chapter 4 presents the conservation tillage implements that were developed as
modifications of the traditional Maresha Plow. Results of field testing and
evaluation of each tillage implement in terms of draft power requirement,
disruption of the plow pan for improved infiltration, weed control, reduction of
tillage frequency, improving seedling emergence and achieving timeliness of
operation are presented.

In Chapter 5, water productivity of strip tillage systems for maize production that
were tested on farmers’ fields is presented. A physically based CoupModel and a
conceptual threshold model were used to estimate the water balance components
as affected by the different tillage systems.

Chapter 6 presents the results of a three-year on-farm trial carried out to compare
different types of tillage systems developed for broadcasted crops like fef.
Assessments were made on water productivity and profitability. A conceptual
threshold model was used to estimate water balance components in different
tillage systems.

Chapter 7 gives conclusions and recommendations based on the findings of the
study. Research questions that need to be addressed with a follow-up trial are
presented.



Chapter 2

RESEARCH BACKGROUND AND HYPOTHESES

In Chapter 1, problems related to conventional tillage systems with the traditional
tillage implement, the Maresha Plow, were presented. In this chapter, we will
look at the more general problems of conventional tillage systems and review of
research on conservation tillage in Ethiopia, in Africa and in the world.

2.1  Definitions of Conservation Tillage

Conservation tillage is defined by the Conservation Tillage Information Center
(CTIC) as any tillage and planting system that covers 30 percent or more of the
soil surface with crop residue, after planting, to reduce soil erosion by water.
According to the European Conservation Agriculture Federation (ECAF),
conservation agriculture refers to several practices which permit the management
of soil for agrarian uses, altering its composition, structure and natural
biodiversity as little as possible and protecting it from erosion and degradation
(ECAF, 1999). Synonymous to conservation tillage are conservation farming
and conservation agriculture. The Food and Agriculture Organization (FAO) uses
the name Conservation Agriculture (CA) and defines CA as the simultaneous
application of minimum soil disturbance, soil cover and crop rotation (Benites
and Ashburner, 2001). The main justification for the change in the name to
conservation agriculture is the inclusion of other issues such as crop rotation and
soil cover while no tillage is advocated. A recent definition of CA by Dumanski
et al (2006) states that the principles of CA include maintaining permanent soil
cover, promoting a healthy, living soil, promoting balanced application and
precision placement of fertilizers, pesticides, and other crop inputs, promoting
legume fallows, composting, and organic soil amendments, and promoting agro-
forestry to enhance on-farm biodiversity and alternate sources of income.

In Africa, the term conservation tillage has been used in a more flexible way to
refer to any tillage system which conserves or reduces soil, water and nutrient
loss or which reduces draft power requirements for crop production (Steiner,
1998). According to Rockstrom et al (2001), conservation tillage is any tillage
system that conserves water and soil while saving labour and traction needs. The
attempts made to adapt the definitions of conservation tillage to an African
context have been influenced mainly by lack of soil cover as a result of
competition for crop residue by livestock and the inherently low bio-mass
production due to shortage of rainfall. In this thesis, emphasis has been given to
conservation tillage systems that address the issue of water productivity by
positively altering rainfall partitioning in the semi arid areas of Ethiopia.
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2.2 The need for conservation tillage

2.2.1 On-farm water balance and water productivity

In this thesis, water productivity is considered equivalent to water use efficiency,
which can be defined in many ways, but in general terms it refers to the amount
of crop produced per unit of water expressed in kg-m~ where the yield is
expressed in kg-ha™ and the water used expressed in m*-ha™.

Rainfall partitioning (Figure 1.1) significantly affects the water balance and
availability of water to crops (Rockstrom and Valentin, 1997). Tillage affects the
two partitioning points in the water balance. The first partitioning point is where
rainfall is partitioned at the soil surface into interception, infiltration, and surface
runoff while the second partitioning point is where soil moisture is partitioned
between crop water uptake, soil evaporation and drainage. Repeated conventional
tillage damages the soil structure through excessive pulverization and
mineralization leading to reduction in soil organic matter content and aggregate
stability. This results in soil compaction over the plowed layer, surface crust and
plow pan formation that reduce infiltration thus affecting the first partitioning
point.

In the second partitioning point conventional tillage reduces water uptake by
plants because root growth is restricted over and below the plowed layer.
Moreover, the water holding capacity of the soil may be reduced through loss of
organic matter and soil compaction, which results in less water available for
useful transpiration by the crop. Conservation tillage is aimed at altering the
rainfall partitioning such that more infiltration at the expense of surface runoff, in
the first partitioning point, and more root water uptake thus more useful
transpiration at the expense of soil evaporation, in the second partitioning point,
are achieved (Rockstrom and Valentin, 1997).

2.2.2 Combating land degradation

A number of investigations have been carried out to observe the effect of tillage
treatments on soil erosion and have concluded that intensive tillage exposes the
soil to more erosion (Biamah and Rockstrom, 2000; Hoogmoed, 1999; Benites
and Ashburner, 2001; Nitzsche et al., 2001).

The effects of tillage can be seen as direct, in which the soil is made ready for
transportation by water and wind through loosening, and as indirect, in which the
soil is degraded in the form of crusting and surface sealing resulting in less
infiltration causing runoff (Benites and Ashburner, 2001). The detachment of soil
particles by the impact of rain drops is considerable since the sealing and crusting
processes are caused by the instability of the soil aggregates at the surface. Soil
degradation is generally seen as a result of erosion processes, but the underlying
phenomena may be the sealing and crusting behavior of the soil (Hoogmoed,
1999) that reduces infiltration leading to high surface runoff and soil erosion
(Rockstrom and Valentin, 1997; Hoogmoed, 1999).

The continuous removal of crop residues, coupled with minimal use of farmyard



Research Background 11

manure results in the mining of nutrients, organic matter depletion, and
weakening of the soil structure. These processes lead to increased runoff and
erosion losses that are strongly linked to loss of topsoil. This situation makes it
even more difficult for any extra crop residue to be retained on cropland for soil
and water conservation (Okwach and Simiyu, 1999).

Land degradation problems in the tropical climates are generally higher than
those in temperate regions because organic matter reduction caused by intensive
tillage is very fast in the former (Derpsch and Moriya, 1998). It is estimated that
reductions in organic matter content to values below 1% and sometimes as low as
0.2% can be reached in only one or two decades of intensive soil preparation
(Derpsch and Moriya, 1998; Jaiyeoba, 2003). Conservation tillage aims at
combating soil degradation by reducing soil erosion and improving soil quality
(Benites and Ashburner, 2001; Nitzsche et al., 2001)

2.2.3 Increased crop production on a sustainable basis

Several researchers have reported increased yields from conservation tillage (e.g.
Scopel, et al., 2001; Diaz-Zorita et al., 2002). The major reasons for the increase
in yields were better moisture availability, early planting, improved soil fertility,
better root growth and aeration. In addition, since conservation tillage reverses
the process of land degradation by improving or maintaining soil quality,
sustainable improvement in crop production is the main focus.

2.3 Requirements of conservation tillage

The full benefits of conservation tillage can be realized through minimum soil
disturbance, soil cover and crop rotation. Although recent definitions (Dumanski
et al., 2006) have expanded the components of conservation agriculture, the
following are considered to be the pillars of the ideal conservation tillage system.

2.3.1 Minimum soil disturbance

No till is the most preferred system provided conditions for its proper
implementation are met. Intensive tillage exposes the soil to the various
environmental effects leading to loss of soil organic carbon through oxidation,
loss of soil moisture through evaporation and loss of soil and water through
surface runoff. Therefore, any conservation tillage system should involve
reduction of tillage in one way or another.

2.3.2 Soil cover

Soil cover can be made by growing cover crops or by leaving crop residues in the
field. Cover crops are crops grown before or during the vegetative period of the
main crop with the objective of improving soil organic matter and protecting the
soil from adverse effects of the environment such as erosion. Moreover, cover
crops add organic matter, improve soil structure and tilth, fix atmospheric
nitrogen, recycle unused soil nitrogen, increase soil productivity and suppress
weeds (Wilson et al., 1982; Tsai et al. 1989). A cover crop provides vegetative
cover during periods when a crop is not present to deflect the force of falling
raindrops, which otherwise would detach soil particles and make them prone to
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erosion. It also slows down the rate of runoff, thus improving moisture
infiltration into the soil (Benites and Ashburner, 2001; Martinez-Raya et al.,
2001; Fuentes et al., 2003). Plant residues reduce water runoff and wind erosion
by preserving surface soil structure (Addiscott and Dexter, 1994; Papendick and
McCool, 1994).

2.3.3 Enhanced soil organic matter

Organic matter has a strong positive effect on infiltration of water into soils. This
effect is due mainly to a decrease in bulk density, and improvements in
aggregation and structure. In soils that have been cultivated for a long time, the
organic matter content and fertility is very low, the soil structure is poor and
compaction is high. Such initial conditions make it difficult to directly go into
zero tillage as this necessitates treatments with soil organic matter enhancing
activities such as green manuring (Elwell et al., 2000). Green manure crops are
crops grown to be directly incorporated for the purpose of enriching agricultural
soil. Green manuring provides highly effective weed control, increased nutrient
availability in the following year, and improved soil organic matter (Monjardino
et al., 2000). The benefits of green manuring on crop yield are most apparent
during dry periods, particularly in rain fed production systems (MacRae and
Mehuys, 1985). Legumes provide better soil fertility and enhancement of soil
organic matter than cereal crops (Akobundu 1984; Agishi, 1985; Tarawali et al.,
1989).

2.3.4 Crop rotation

Crop rotation helps improve soil fertility and soil structure while controlling
pests. Kamau et al (1999) carried out a three-year experiment comparing weed
fallow with cow-pea rotation on the yield of maize both under conservation and
traditional tillage systems. They found that cowpeas planted in the short rains
season had a positive effect on the maize grain yield in the subsequent long rains
season with both tillage systems. They attributed the effect to the contribution of
nitrogen fixed by the cowpeas through nodulation and to the stalk and root
residues left in the field after harvest. Similar studies have earlier demonstrated
benefits of rotation with legumes (Gill ef al., 1992; Larney and Lindwall, 1995;
Lenssen et al., 2007).

2.4  Global trends in conservation tillage

Although, no-tillage has been in practice by farmers throughout the history of
agriculture, application of herbicides as a way of abandoning traditional tillage
started in the 1940s on large farms (Derpsch, 1998). Since then the practice has
been expanding in different parts of the world with varying rates and by the year
2000, the total land under no-tillage reached 60 million hectares (Benites and
Ashburner, 2001). Out of the total area under no-till, USA shares 21 million,
Brazil 13.5 million, Argentina 9.3 million, Australia 8.6 million and Canada 4.1
million hectares (Benites and Ashburner, 2001). The realization of the
detrimental effects of soil inversion using traditional plowing has influenced the
rapid adoption of conservation tillage practices in North and South American
countries (Derpsch, 1998).
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2.5 Conservation tillage in Africa

Earliest research on no tillage in Africa was carried out in the late sixties in
Ghana (Kannegieter, 1967; Ofori and Nanday, 1969). Research work at the I[ITA
(International Institute of Tropical Agriculture) in Nigeria started in 1970 (Lal,
1983). Extensive on-farm experiments have also been conducted in the Eastern
and Southern African countries (Steiner, 1998; Rockstrom et al., 2001). Despite
the wealth of research information on no tillage and mulch farming in Africa, the
technology has hardly spread among farmers (Derpsch, 1998). Thus, no-till
farming has mainly been practiced on commercial farms in South Africa and
Zimbabwe (Steiner, 1998).

2.5.1 Major constraints

The adoption of conservation tillage is constrained by a number of factors that
are both environmental and socio-economic. Castrignano et al (2001) stated that
no single solution is universally suitable. The African Savannah lies between 10"
and 16° N lat. (Rockstrom, 1997). The area is characterized by low and erratic
rainfall (300 — 600 mm-yr") coupled with high evaporation rates (1800-2300
mm-yr"), which makes it difficult to produce sufficient biomass for soil cover.
Moreover, lack of grazing during dry seasons and the system of communal
grazing restricts the possibility of leaving crop residues on the field after harvest
(Kossila, 1988). On the other hand, in most studies where conventional tillage
systems were compared with no-till, sufficient soil cover was maintained in the
no-till treatments which prevented evaporation because of the insulating effect of
the soil cover (Russel, 1939; Duley and Russel, 1939; Fuentes, ef al., 2003). Zero
tillage without mulch can produce significant losses (Laryea et al., 1991; Smith
et al., 1992; Rao et al., 1998; Scopel and Findeling 2001). Ajuwon (1983)
observed that in relatively low rainfall areas in Nigeria, zero-tillage systems were
found to produce lower yields of maize and cowpea on topsoil with penetration
resistance of >0.50MPa or with minimal earthworm activity. Moreover, in most
studies where conventional tillage systems were compared with no-till, sufficient
soil cover was maintained in the no-till treatments which prevented evaporation
because of the insulating effect of the soil cover (Fuentes, et al., 2003; Russel,
1939; Duley and Russel, 1939). The semi-arid regions in Ethiopia are
characterized by low organic matter content (Mulatu and Regassa, 1986), which
makes them prone to compaction. Under such conditions zero tillage without soil
cover may not be relevant. Hence, in the African Savannah context CT is less
about minimum tillage with mulch and more about wise tillage for water
harvesting. The soils have been subject to degradation through traditional tillage
with minimum bio-mass recycling for decades. Under such conditions, CT aims
at reducing the quantity of tillage and at improving the quality of tillage. This
means that no-till is not necessarily the objective. Instead we are focusing on
tillage that maximizes infiltration with minimum soil evaporation.

One of the major challenges of conservation tillage is high weed infestations
associated with reduced tillage. Rising fuel costs may make chemical weed
control more attractive than tillage with tractors for commercial farmers.
However, smallholder farmers use either manual labor or oxen for tillage, which
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often are much cheaper than the use of herbicides. Rutenbrg (1980) estimated
that the energy required per ton of produce or per kilo calorie is less with ox
ploughs than with tractors, for the simple reason that yield levels are the same for
both systems, while the tractor system requires more horsepower hours.
Moreover, many smallholder farmers are not skilled enough to properly handle
and apply herbicides. The high costs of conservation tillage implements have
also affected wider adoption of the technology (Steiner, 1998).

2.5.2 Adaptation of conservation tillage for smallholder farmers in
Africa

In experiments to adapt CT systems to biophysical conditions it became clear
that CT cannot be universally applied as a strictly defined practice, especially
from the perspective of the agro-ecosystem of the African savannah. As a result,
several types of tillage methods have been developed under the umbrella of
conservation tillage (Rockstréom and Jonsson, 1999; Castrignano et al., 2001;
Diaz- Zorita et al., 2002; Hoogmoed et al., 2004).

For smallholder mixed farming system, a form of conservation tillage in which
ripping along planting lines (animal traction) or planting in dug holes (hoe
culture) and leaving the land in between undisturbed has been introduced among
many farmers (Steiner, 1998; Biamah and Rockstrom, 2000; Kaoma-Sprenkels et
al., 2000; Kaumbutho, 2000; Nyagumbo, 2000; GART yearbook, 2001).
Subsoiling with oxen drawn subsoilers has been an important component of the
conservation tillage systems introduced in much of Africa because repeated
tillage at shallow depth have resulted in the formation of plow pans beneath the
plowing depth that restricted root growth and infiltration.

In Tanzania, trials carried out over a period of 3 years indicated that maize yields
could be increased from 1.3 t ha” to 3.8 — 4.0 t ha™ (Rockstrom et al., 2001). In
Kenya, slight increment in yield of maize was observed fom conservation tillage
although the results were not statistically significant. In Zambia, deep ripping
gave higher grain yields of maize although the differences were not statistically
significant. Shallow ripping gave lower yields (Muliokela et al., 2001). Boa-
Ampongsem et al (2001) reported nearly double grain yield from conservation
tillage systems using Roundup (Glyphosate) for weed control.

Several types of implements have been developed for conservation tillage. These
include Magoye ripper and PALABANA subsoiler, weeders and direct planters
introduced from Brazil and locally made in countries like Zambia and Zimbabwe
(Kaumbutho and Simalenga, 1999; Hoogmoed et al., 2003).

2.6 Conservation tillage in Ethiopia.

2.6.1 Reducing tillage frequency

For farmers who have traditionally used the mouldboard plow in conventional
tillage, shifting to conservation tillage has usually involved replacement of the
plow by rippers and subsoilers. However, since the mouldboard plow is not used
by smallholder farmers in Ethiopia, the idea of reducing or minimizing soil
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inversion has seldom been emphasized. The traditional tillage implement, the
Maresha plow, does not completely invert the soil. Hence, the main concern has
been the high number of tillage operations carried out with the Maresha plow. As
a result, conservation tillage or minimum tillage in Ethiopia was regarded as
reducing the number of tillage operations while using the same traditional tillage
implement.

Many investigators (Taa et al., 1992; Georgis and Sinebo, 1993; Tarekegne et
al., 1996; Tadele et al., 1999) reported lower grain yields from minimum tillage
treatments. Georgis and Sinebo, (1993) reported that in a trial conducted at Bako
during 1982-86, maize grain yields were consistently higher with traditional
tillage compared to minimum tillage. A three years trial conducted to study the
effect of frequency of tillage on tef production at three locations in central
Ethiopia showed that five times plowing with Maresha (the highest frequency)
gave significantly higher grain yield compared to lower tillage frequencies
(Tadele et al., 1999). Taa et al (1992) compared four passes of Maresha with two
passes and reported that wheat grain yield was significantly lower with two
passes of Maresha compared to four passes. In another study conducted at
Debrezeit, grain yield of wheat, when continuously grown for three years, was
significantly reduced by the application of minimum tillage treatments (Tadesse
etal., 1994).

The reviewed experiments show that mere reduction of tillage frequency while
using the same implement, the Maresha plow, can compromise grain yields thus
making the practice unacceptable. Farmers have probably experimented with
different tillage frequencies over centuries and have chosen the type of tillage
frequency that they are using at the moment. Reducing tillage frequency would
have been farmers’ preference considering the limitations they face in terms of
time, labor and traction requirement. Therefore, research has to come up with a
different tillage system and/or different implements that can reduce tillage
frequency.

2.6.2 Conservation tillage using herbicides

One of the purposes of tillage is weed control. With reduced or no tillage, weeds
become a serious challenge. Use of non selective herbicides to control weeds
before planting is the principal component of zero tillage. Conservation tillage
systems that replace mechanical weeding by herbicide applications were
introduced to Ethiopia by Sasakawa Global 2000 (SG2000) project (Gebre et al.,
2001). Extensive demonstration of such conservation tillage systems were
conducted on farmers’ fields. Erkossa et al (2006) conducted experiments on
reduced tillage using herbicides for zef production in the highland vertisols
reporting grain yield advantages of 8% over traditional systems. However, Gebre
et al (2001) indicated that the cost of herbicides would be a concern in the
adoption of the practice among smallholder farmers. The problem of affordability
of herbicides as a major setback to the introduction of no-till system in
smallholder farming system has also been reported by others (Ofori, 1993;
Muliokela ef al, 2001). Moreover, the negative environmental effects of
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herbicides, lack of skill for proper handling and application and costs of
equipment for herbicide application remain to be challenges to the replacement
of mechanical weed control by herbicides.

2.6.3 The issue of moisture conservation in semi-arid areas
Rockstrom and Jansson (1999) have shown that in the semi arid areas, water
management is the key to improving crop productivity. Georgis and Sinebo,
(1993) have also recommended the use of tied ridges and mulches in order to
improve the soil moisture availability in the semi arid regions of Ethiopia.
Whereas the use of herbicides can control weeds that are problematic with the
introduction of reduced tillage system, leaving the soil undisturbed in the absence
of cover crops or crop residues can result in high surface runoff. Hence, ways of
opening the soil to allow infiltration while minimizing the adverse effects of
tillage is a preferred strategy in developing conservation tillage systems for
smallholder farmers in the semi-arid regions.

2.6.4 The case of broadcast crops.

In many sub-Saharan African countries, maize, which can and often is planted in
lines, is the staple food. Maize is thus well suited for ripping based tillage in
which only planting lines are cultivated while leaving the area in between
undisturbed (Steiner, 1998; Rockstrom et al., 2001). However, there has been
very little effort to develop conservation tillage system for broadcasted crops. In
Ethiopia, the majority of smallholder farmers grow a small seeded cereal called
tef (Eragrostis tef (Zucc) Trotter). Tef cannot be planted in rows unlike maize
and wheat because the plant has a very small size that makes it unable to fully
utilize spaces left between rows. Hence, there is a need to develop conservation
tillage systems that are suitable for fef production.

2.6.5 Implements

In Ethiopia, animal traction for tillage is associated with an ard plow known as
Maresha. The Maresha plow has been used by the highlanders for thousands of
years (Goe, 1987). It is very simple, light in weight, cheap, and is locally made.
However, the Maresha Plow forms V-shaped furrows and results in incomplete
plowing (Figure 3.2), which requires repeated tillage leading to a number of
problems (figure 1.5).

Research to improve the traditional implement in Ethiopia, the Maresha Plow,
began as early as 1939 when the Italians introduced the animal drawn mould
board plow (Goe, 1987). The Food and Agriculture Organization (FAO)
conducted a series of on-farm trials on implements in the 1950s while the
Alemaya and the Jimma agricultural colleges made efforts to improve the
traditional tillage implement in the early 1960s. In 1968, the Chilalo Agricultural
Development Unit (CADU) started research on several types of tillage
implements while the Institute of Agricultural Research (IAR) began activities on
improving the traditional implements in 1974. However, none of these efforts
were successful in developing prototypes acceptable by Ethiopian farmers (Goe,
1987). The major reasons behind the reluctance of farmers to adopt the newly
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introduced implements were the fact that they were too heavy and expensive
(Goe, 1987). In order to develop acceptable implements for small scale farmers
in Ethiopia, efforts were made to study and incorporate the design features of the
traditional implement into the improved designs (Temesgen, 2001). Details of the
improved implements are given in Chapter 4.

2.7 Hypotheses
The study has been conducted based on the following hypotheses.

1. Farmers undertake repeated tillage, for good reasons in terms of
maximizing yields, based on resource availability and their perception
about the purposes of tillage.

2. The improved tillage implements would perform the required tasks of
timely operation, avoiding cross plowing and disrupting plow pans for
conservation tillage.

3. Water productivity of maize and tef can be improved by using adapted
conservation tillage systems. These include:

a. A strip tillage system for maize in which only planting lines are
cultivated can improve grain yields and water productivity.
Moreover, use of subsoiler would maximize infiltration by
breaking the plow pan so that runoff is reduced.

b. Improved tillage systems for zef in which plowing is carried out
only once with the Maresha Modified Plow followed by
subsoiling and the use of the Sweep can control weeds and
increase infiltration by reducing surface runoff thereby achieving
higher grain yields and higher productivity than the traditional
tillage system. .






Chapter 3

TRADITIONAL TILLAGE SYSTEMS OF
SMALLHOLDER FARMERS IN SEMI-ARID AREAS
OF ETHIOPIA!

3.1 Overview

In Ethiopia, a number of studies were carried out on tillage frequency in the high
rainfall areas (Taa et al., 1992; Taddele, 1994; Tarekegne et al., 1996; Tadele et
al, 1999). Georgis and Sinebo (1993) reviewed studies carried out on tillage
frequency in semi-arid regions. Their report favored repeated tillage with litle
elaboration. Other investigators too (Mulatu and Regassa, 1986; Pathak, 1987;
Beyene et al., 1990) conducted surveys on the farming practices and implements
in the central rift valley in Ethiopia, which is identified as semi arid (Engida,
2000). However, they did not analyze tillage practices in sufficient depth to
obtain a clear understanding of the reasons for repeated tillage.

To assess the potential of conservation tillage, it is important to understand the
reasons why farmers currently use conventional plowing methods. It is also
necessary to determine if plow pans are formed under the traditional cultivation
system so that appropriate measures such as subsoiling can be carried out.

This chapter presents the results of a study undertaken on traditional tillage
systems in two selected sites in the dry semi-arid regions of Ethiopia with the
objective of identifying reasons for repeated tillage and studying the presence of
plow pans. The study relates tillage frequency with the type of implement used,
type of crop grown, rainfall pattern and issues pertaining to the individual farmer
such as skill of farming, resource availability, and perceived purposes of tillage.
Moreover, the location, thickness and strength of the plow pan are presented.

3.2  Methodology

3.2.1 The study area

The study has been undertaken at Melkawoba and Wulinchity areas (Figure 1.3),
which are typical dry semi-arid regions located in the central rift valley of
Ethiopia. The two areas were chosen for their representations of the climates in
the dry semi-arid regions (Engida, 2000). Within the dry semi arid category,
Waulinchity is relatively wetter and with heavier soils than Melkawoba.

! Based on: Temesgen, M., Rockstrém, J., Savenije, H. H. G., Hoogmoed, W. B., Alemu, D.
Determinants of tillage frequency among smallholder farmers in two semi-arid areas in
Ethiopia. Accepted in: Physics and Chemistry of the Earth.
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Melkawoba is located 08° 23’ North Latitude and 039° 22’ East Longitude with
an altitude of 1450 m above sea level. The mean rainfall is 600 mm-yr" (Figure
3.1) with a potential evapotranspiration of 2300 mm-yr™'. The rain is distributed
over a period of 7 months (March-September) with two distinctive seasons (short
rains in March and April are followed by the main rain season of June-
September). The soil types are mainly sandy loam (Calcaric Cambisols) and very
susceptible to compaction similar to the so called sealing, crusting and hard-
setting (SCH) soils that are common in sub-Saharan Africa (Hoogmoed, 1999).
Complete crop failure due to dry spells is not uncommon in the area. The major
crops are tef (Eragrostis tef (Zucc.)) and maize (Zea mays XX).

Walinchity is located 08°40° North Latitude and 039°26> East Longitude with an
altitude of 1447 m above sea level. The soils are predominantly clay loam (Eutric
Cambisols). The mean rainfall is 700 mm-yr' (Figure 3.1) while the mean
potential evapotranspiration is 2200 mm-yr"'. The rainfall distribution is similar
to that of Melkawoba but usually sufficient rainfall is received during March and
April to enable farmers to start tillage earlier. The types of crops grown at
Waulinchity are similar to those of Melkawoba. Therefore, the study concentrated
on fef'and maize at both locations.

3.2.2 The traditional tillage implement

The traditional tillage implement, the Maresha plow, has been tested at both
locations in order to observe the types of furrows it makes and the possible
effects these may have on tillage frequency. About 15 parallel passes were made
with the plow in exactly the same way as farmers plow their fields. The loose soil
was then carefully removed by hand and the profile of the soil was examined to
identify unplowed strips of land. The maximum depth of operation, width of the
unplowed strip and that of the furrow were measured. A second tillage was
carried out with the same plow laying furrows perpendicular to the previous ones
and observations were made again. A third tillage was also carried out in the
same direction as the first and the resulting soil profile was examined.

3.2.3 Studies on tillage systems

In order to balance between data reliability versus cost and time of research, 50
farmers were randomly selected from each area, out of 1450 and 1766
households at Melkawoba and Wulinchity, respectively. Randomization was
done using the sampling frame of farm households’ registration in each site and a
selection interval to get 50 farmers was calculated and used in the process. A
semi-structured questionnaire, which was pre-tested, was used to collect the
primary data on farm household demographics, resource ownership, and
perception about the purposes of tillage. Well trained enumerators who spoke the
local language administered the questionnaire. The data were collected from June
to September 2004. In addition to the questionnaires, group discussions were
held with 10 farmers who were selected based on their farming experiences from
each area.
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Figure 3.1. Average monthly rainfall at the study areas (1995-2004).

3.2.4  Analytical framework

The analysis was made using descriptive statistics and a regression model.
Among farmers within a specified area, the number of tillage operations in any
production system is hypothesized to be influenced by the skill of the farmer
(years of farming experience and educational level), by the availability of
production resources (labor, oxen and land), and by the farmer's perception about
the purpose of tillage.

Different types of models (LOGIT, PROBIT and TOBIT) are used in situations
where we have limited dependent variables (Sall et al., 2000, Greene, 2003).
However, TOBIT is more appropriate for limited dependent variables with values
ranging from O to 1 while the other two are appropriate for limited dependent
variables with choice of decision having values of either 0 or 1. In this study, the
TOBIT model is used to identify the determinants of intensity of tillage in the
production of maize and zef in the study area. The model is represented using an
index function approach as follows:

Y =max(X,B+¢,0) 3.1)
Where Yl.* is an underlying latent variable that indexes the intensity of tillage; X;

is the vector of independent variables, containing: skill of farming, resource
ownership, farmers' perception on the purpose and factors influencing intensity
of tillage; S is a vector of parameters to be estimated; and ¢, is an error term.

Table 3.1 shows description of factors that are hypothesized to influence tillage
frequency. Y;, the limited dependent variable, is the intensity of tillage calculated
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Table 3.1. Hypothesized determinants of tillage intensity in tef and maize

production
Variable Measure Rationale
Skill of Education  Years of formal Educated farmers are able
farming education of the to judge optimum tillage
household head intensity.
Farming Years of farming Experienced farmers are
experience  experience of the able to judge optimum
household head tillage intensity
Resource Male Number of male Households with enough
availability Labor > household members labor can increase the
fully involved in intensity tillage as
agriculture required
Oxen Number of oxen Households with enough
owned oxen can increase the
intensity tillage as
required
Farmsize =~ Land owned in ha Households with larger
farm size tend to
specialize in crop
production that allow
them to allocate resources
to increase tillage
intensity as required
Farmers' Weed Weed control Farmers' perception about
perception control l=yes 0=no the role of tillage to
about the control weed can
purpose of 1nﬂp§nce tillage intensity
tillage . . ___positively __
Moisture Moisture conservation  Farmers' perception about
conservati  1=yes 0=no the role of tillage to
on conserve moisture can
influence tillage intensity
positively
Manure Manure incorporation  Farmers' perception about
incorporati 1 =yes 0=no the role of tillage to
on incorporate manure into
the soil can influence
tillage intensity positively
Soil Soil warming Farmers’ perception about
warming l=yes 0=no the role of tillage in
warming up the soil can
influence tillage
frequency positively
Location 1 = Wulinchity, 0 = Differences in locations

Melkawoba

such as soil types and
rainfall can influence
tillage intensity with
heavier soils and more
evenly distributed rainfall
influencing tillage
frequency positively

2 Tillage in the study area is exclusively carried out by men.
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as the ratio of each tillage frequency to the maximum tillage frequency recorded
for each crop and each location. Hence, it ranges from zero to 1.

3.2.5 Studies on the plow pan

The penetration resistance of the soil was measured to a depth of 40 cm using
manually operated cone penetrometer. Studies were undertaken on farmers’
fields both at Melkawoba and Wulinchity. Tests were carried out during the dry
season in order to minimize the effect of soil moisture on penetration resistance.
Readings were taken at 18 randomly selected points in each of three fields (two
maize and one tef fields) at both Melkawoba and Wulinchity.

3.3 Results and discussion

The socio-economic profile of sampled farmers is shown in Table 3.2. Compared
to the national average land holding of 1 ha (Zekaria, 2002) households in the
study area own more land (2.4 ha at Wulinchity and 1.4 ha at Melkawoba).
Farmers at Melkawoba are more educated but those at Wulinchity are older and
with more years of experience in farming. Farmers at both sites allocated more
land to fef than to maize. Farmers at Wulinchity own larger number of livestock,
in general, and more oxen, in particular, which corresponded to larger land
holding.

3.3.1 The traditional tillage implement
The traditional tillage implement, the Maresha plow, is shown in Figure 1.4. The

Maresha plow forms a series of V-shaped furrows after the first tillage (Figure
3.2).

(o)

(o>

Figure 3.2. Profile of 3 furrows made after the first tillage by the Maresha plow
at Wulinchity (a) and at Melkawoba (b). The profile was plotted after cleaning
the loose soil. The shaded area represents the untilled part. The depth is the mean
value of 15 readings while the width readings are mean values of 5
corresponding readings. All dimensions are in centimeters.



Conservation Tillage for Smallholder farmers in Semi arid Ethiopia 24

The furrows at Melkawoba were slightly wider and deeper than those at
Waulinchity. The differences could be due to textural variations with soils at
Melkawoba being lighter and more friable than those at Wulinchity.

Table 3.2. Socio-economic characteristics of sampled households (sample
=100 farmers)

Waulinchity Melkawoba
Mean STD' Mean STD
Socio- Age of household head
demo (years) 44 142 40 15.1
graphics  Education level of
household head (year) 2.5 2.6 3.1 2.3
Experience in farming
(years) 28 142 23 12.8
Family Family size Total 5.4 24 53 2.7
labor Male 2.8 1.2 2.8 1.6
Female 2.6 1.7 2.5 1.7
Number of Male 1.5 0.68 1.6 0.56
household
members with
full time in
agriculture Female 0.5 0.74 1 0.47
Number of Male 0.7 0.83 0.6 0.80
household
members with
partial time in
agriculture Female 0.9 0.67 0.5 0.79
Land owned in ha 2.4 1.1 1.4 0.6
Land Land allocated for maize
ownership (% of total) 21 15 30 18
and Land allocated for tef (%
allocation  of total) 52 30 > 26
Number of  tropical 3.8 24 2.3 1.9
Livestock livestock units (TLU?)
ownership owned

Number of oxen owned

Percentage of farmers

>2

Waulinchity Melkawoba
8 26

14 42

49 28

29 4

" Standard deviation.
*based on Kossila (1988). In the study areas animals owned by farmers and hence
used for the calculation of TLU are chicken, goats, sheep, donkey, cows and

oxen.
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The V-shaped furrows made by the Maresha plow leave untilled land between
adjacent furrows as shown in Figure 3.2. Farmers have to deal with the unplowed
strips during subsequent tillage operations. The directions of any two consecutive
tillage operations should be perpendicular to each other. Otherwise, the plow
slips into previously made furrows thereby missing the untilled strip of land.
When the plow is operated perpendicular to the previous tillage operation, it has
to pass across the tilled furrows in order to reach the untilled ones. In so doing,
an extra time of approximately 50% is spent on the already plowed land. Even
after the second tillage, we observed spots of undisturbed land that required a
third tillage during which even more than 50% of the time is spent on passing
through already plowed land. In addition, repeated action on the soil causes
excessive localized pulverization leading to structural damage. The other
important effect of cross plowing is high surface runoff especially when plowing
along moderate to steep slopes (Souchere ef al., 1998).

3.3.2 The traditional Tillage systems

Allocation of land: Land allocated to maize and zef, estimated by the farmers as a
mean value for 10 years, is shown in Table 3.2. Farmers at both locations
allocated more land to fef than to maize. The sizes of land allocated to fef and
maize can vary with the rainfall distribution of a given season. Group discussions
with farmers revealed that if sufficient rainfall is received in March and April,
more farmers tend to grow maize especially the relatively long maturing varieties
that give higher yields. If the rains start in the second and third week of June,
fewer farmers plant early maturing maize varieties thus reducing the total land
allocated for maize. However, if the rains are delayed until the last week of June
or the beginning of July, they plant tzef in moderate to steep slopes while beans
are planted in the level fields of lower elevations. According to interviewed
farmers, beans substitute maize in the level fields of lower elevations because fef
is a poor competitor with weeds, which are more prevalent in these fields.

Table 3.3. Reasons why farmers do not plow before rains

% of farmers

Reasons Waulinchity Melkawoba
Too much draft force required 76 75
Too many clods formed 86 88
High weed infestation 88 88
Severe compaction by rain if dry plowed 49 88

To let weeds emerge after rains 60 67




Conservation Tillage for Smallholder farmers in Semi arid Ethiopia 26

Timing of tillage: Most of the farmers (88% at Melkawoba and 98% at
Waulinchity) do not start tillage before it rains because of several reasons (Table
3.3). Soils are hard to plow when they are dry while oxen are weak during the
dry season. Dry plowing forms too many clods that are difficult to break later
thus resulting in poor seedling emergence (poor seed-soil contact). Moreover,
repeated dry plowing results in excessive pulverization leading to crust formation
and compaction. It is also desirable to let weeds germinate for a better control.
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Figure 3.3 Timing of tillage for maize at Melkawoba (% of farmers).
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Figure 3.4 Timing of tillage for maize at Wulinchity (% of farmers). The graph
shows tillage timing in seasons when rains start in February. In seasons with late
onset of rainfall tillage frequency in the latter part of the season remains unchanged.
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Figure 3.5 Timing of tillage for tef at Melkawoba (% of farmers)
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Figure 3.6 Timing of tillage for tef at Wulinchity (% of farmers)
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Among the reasons given for not starting plowing before rains, major differences
are observed between the two locations only in the case of compaction by
rainfall. Compaction by rainfall is considered to be a lesser problem at
Waulinchity probably because of the lower silt content of the soils. On the other
hand, farmers realize that oxen sharing would be eased if they start plowing early
because the period available for land preparation would be longer. Shortage of
oxen was the reason why 2% and 12% of the farmers in Wulinchity and
Melkawoba, respectively, plowed dry. The reason why more farmers plow dry at
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Melkawoba than those at Wulinchity could be because of severe shortage of oxen
at Melkawoba compared to that at Wulinchity. In other words, farmers who have
to borrow oxen from others have to plow before the ox owners start plowing to
avoid competition for oxen. Moreover, heavier soils at Wulinchity are difficult to
penetrate when dry.

Tillage for maize can start as early as February (Figures 3.3and3.4), if there is
sufficient rainfall to wet the soil. If the rainfall continues and the soil moisture
can sustain crop, planting of late maturing maize varieties start in April or May.
However, in many cases, rains start in the first week of June and hence tillage for
maize starts at the same time. Planting of early maturing maize can then be
carried out between the second week of June and the first week of August. There
are differences in tillage commencement between the two locations. At
Waulinchity, most farmers carry out primary tillage in March for maize and in
May for tef while those at Melkawoba do the same in May for maize and in June-
July for tef (Figures 3.3-3.6). This could be because there is more rain in
February-May at Wulinchity than at Melkawoba as shown in the 10-year average
rainfall distribution obtained from nearby stations (Figure 3.1).

Purpose of tillage: Purposes of tillage and their relative importance as reported

by farmers are shown in Table 3.4. It can be observed in the table that the
importance of a particular purpose of tillage varies with the stage of tillage (first
tillage, second tillage, etc.).

During the first tillage, farmers intend to kill weeds that just started emerging as
a result of preceding rain showers. Normally, farmers do not plow the land dry
(Table 3.3) and hence weed seeds that are wetted by the first couple of rains start
germinating. Tillage at this stage does not only control the germinated weeds but
also brings more weed seeds from deeper layers to the surface which will
germinate using subsequent rains. Asked what the purpose of the first tillage was,
87.5% of the farmers said it was to initiate weed germination while 74.5% said it
was to kill the already emerged weeds (Average of maize and tef data in Table
3.4). The second and third tillage operations are thus aimed at killing weeds that
emerged after the first and the second tillage, respectively. At planting, weed
emergence is an inevitable consequence of tillage rather than a purpose.

Several researchers concluded that tillage causes loss of soil moisture.
Baumbhardt and Jones (2002) reported loss of soil moisture through evaporation
due to tillage. However, they did not specify the time of plowing in relation to
rainfall and dry spells. Osunbitan et a/ (2005) reported increased soil bulk density
and hence reduction in hydraulic conductivity of plowed soils because of
subsequent rainfall that occurred over a period of 8 weeks after plowing. Similar
reports were also made by others (Mapa et al., 1986; Fohrer et al, 1999).
However, the techniques used by farmers in the study area are different from the
experimental set ups found in the reviewed literature. Farmers at Melkawoba and
Waulinchity start plowing only after the rains start (Table 3.3). They carry out
subsequent tillage operations following each set of wetting and drying cycle.
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Plowing the soil two to three days after the rains stopped is convenient because
of better friability. If plowing is delayed further, the soil will be too dry thus
resulting in excessive pulverization that will lead to compaction by subsequent
rain. According to farmers, tillage carried out at the right time reduces the bulk
density of soils for increased infiltration from the following rains with less
compaction and reduces evaporation thereby improving soil moisture.

Table 3.4. Farmers' perceived purpose of tillage at different stages (% of
farmers)

Time of Purpose of tillage Maize Tef
tillage Melkaw Wulin  Melka ~ Wuline
oba chity  woba hity

Primary

tillage Weed control 98 98 98 92
Initiate weed
germination 100 72 96 82
Moisture conservation 100 84 98 82
Soil warm-up 98 38 98 52
Manure incorporation 60 18 28 58

Secondary

tillage Weed control 98 94 96 90
Initiate weed
germination 98 80 96 84
Moisture conservation 98 86 98 80
Soil warm-up 98 44 96 38
Manure incorporation 60 56 50 60

Tillage at

planting Seed covering 100 100 72 62
Weed control 100 68 98 66
Initiate weed
germination 60 36 98 66
Moisture conservation 78 72 98 84
Soil warm-up 62 48 28 24
Manure incorporation 98 50 98 52

Guzha (2004) attributed the effect of tillage to increased soil roughness that
increased surface area for water storage. Although, his results could be applicable
in areas where evaporation is low, the farmers in the study area try to avoid
increasing soil surface roughness in fear of higher evaporation losses.

The soils at both locations generally have low contents of organic matter (Mulatu
and Regassa, 1986). Hence, manure application could improve soil fertility.
However, only 62% apply manure on their field. The reason why the other
farmers were not applying manure were, lack of manure (50%), unable to
transport manure to the field (43%) and soil did not need manure application
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(7%). The soil types that needed less manure were identified to be heavy
textured. More than 50% of the interviewed farmers said that they plow their
land in order to warm up the soil thereby improving seed germination and
emergence. This needs further investigation.

Frequency of tillage: Factors affecting tillage frequency were found to be
specific to the situation of a particular farmer, a community (location), soil type
and environmental factors such as the distribution of rainfall.
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Figure 3.7. Tillage frequency for fef and maize.

Skill of farming, resources owned and perceived purpose of tillage affected
tillage frequency in various levels (Tables 3.5 and 3.6). In these tables, the
coefficient is a quantitative term describing the magnitude of the influence of the
particular variable on tillage intensity while the t-ratio shows the level of
significance of the effect of the variable. Education and experience had a
significant effect in increasing tillage intensity. This could indicate that more
intensive tillage is advantageous without considering the long-term effect it may
have on soil quality which is difficult to be perceived by farmers irrespective of
their level of education and experience. Tillage frequency for fef production
increased with the number of male labor and farm size whereas in maize the
effect was not significant. Higher tillage frequency was associated with larger
farm size probably due to more specialization in farming instead of engaging in
off-farm activities. Farmers who believe that tillage helps in warming up the soil
tended to plow more frequently.

Farmers at Wulinchity plow more frequently (3.7 times on average) than those at
Melkawoba (3.4 times on average) probably because of higher rainfall and
heavier soils in the former. Higher rainfall is associated with more weed
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infestation. Moreover, the soils at Melkawoba tend to get excessively pulverized
with repeated plowing.

Table 3.5 Determinants of the intensity of tillage in Maize production
(TOBIT model)

Variables Coefficient t-ratio
Skill of Education 0.0221 3.255%**
farming Experience 0.0046 3.222%**
Resource Male labor 0.0037 0.345
ownership Oxen 0.0002 0.018

Farm size 0.0191 1.012
Farmers' Weed control 0.0992 2.047%*
perception Moisture
about the conservation 0.1381 3.158%**
purpose of Manure
tillage incorporation 0.0078 0.239

Soil warm up 0.0623 1.721%*
Location (Wulinchity=1

Melkawoba=0) 0.0722 1.672*

Note: *** ** and * represent levels of significance at 99%, 95%, and 90%
probability.

Tillage frequency for fefis slightly higher (average 3.7) than that for maize
(average 3.4, Figure 3.7). Tef fields are mostly plowed 3 to 5 times while 2% of
the interviewed farmers said they plow 6 times. However, tillage frequency for
tef in high rainfall areas is 5 to 9 (Tarekegne et al., 1996). The difference could
be because of the relatively low weed infestation in semi-arid areas as a result of
low rainfall.

Moreover, farmers revealed during group discussions that tef is grown on
moderate to steep slopes where weed infestation is lower than the level fields.
Level fields are found in the lower elevations where relatively more moisture is
available and where weed seeds are transported with run-on from the higher
elevations. Since maize is more sensitive to moisture stress, it is normally grown
in the lower fields where higher weed infestation forces farmers to plow more
frequently resulting in the reported little difference in tillage frequency between
tef and maize. Higher tillage frequency in tef could be more of the result of the
need for finer seedbed. There is a much wider variation in tillage frequency in tef
than in maize. This could be because of longer period of time available between
onsets of rainfall and planting of zef'in which case farmers decide whether to start
plowing early depending on resource availability, soil type and level of weed
infestation.
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Table 3.6 Determinants of the intensity of tillage in tef production
(TOBIT model)

Variables Coefficient t-ratio
Skill of
farming Education 0.0226 3.381%**
Experience 0.0023 1.675%*
Resource
ownership Male labor 0.0249 2.488%**
Oxen 0.0156 1.157
Farm size 0.0451 2.334**
Farmers’ Weed control 0.0440 1.382
perception Moisture
about the conservation 0.1390 3.611%**
purpose of Manure
tillage incorporation 0.0391 1.366
Soil warm up 0.0762 1.681%*
Location (Wulinchity=1
Melkawoba=0) 0.1949 4.798%**

Note: *** ** and * represent level of significance at 99%, 95%, and 90%
probability.

According to interviewed farmers, rainfall that start early in the season and that
are distributed over a longer period of time, with dry spells in between (Figure
3.8), lead to more frequent plowing. Farmers start plowing following the first two
or three showers, which means early tillage commencement with early onset of
rainfall. If this is followed by dry spells, the soil moisture gets depleted quickly
and hence farmers decide to delay planting. Farmers carry out another tillage
operation following a set of two or three showers in order to break surface crusts
formed by raindrops impact and hence to improve infiltration. Moreover, farmers
intend to minimize soil evaporation, locally known as Nish Kebera (hiding
moisture), and to kill weeds that germinate following rainfall events. If such
cycles of rainfall and dry spell continue without sufficiently wetting the soil for
planting, farmers are forced to plow more frequently than when the rainfall
comes late and continues without dry spells. Figure 3.8 shows how rainfall is
distributed before planting period with wetting and drying cycles thus forcing
farmers to plow frequently. In the years 2003 and 2005, the first set of showers
started at the end of February. Farmers start plowing at this stage. In all the three
years, there were couples of showers in the last week of March. Farmers plow the
land two or three days after these showers. The dry spells that followed these
showers deplete the soil moisture thereby forcing farmers to delay planting until
another set of showers come. Such wetting and drying cycles are one of the
reasons cited by farmers for increased tillage frequency before planting. It is also
interesting to note that in 2005, the rainfall that occurred between the last week
of April and that of May was high enough to enable farmers to plant maize in
May. Such rare events encourage farmers to start plowing early in the season
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following the first set of rainfall although in many cases planting time is delayed
until June (e.g. 2003 and 2004 shown in Figure 3.8).
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Figure 3.8. Daily rainfall and dry spell events before planting at Melkawoba
(2003-2005)

The traditional tillage implement, the Maresha plow, forms V-shaped furrows
(Figure 3.2) and leaves nearly half of the field untilled. This has forced farmers
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to plow more frequently since they have to carry out repeated cross-plowings to
till the land completely and to control weeds.

3.3.3 Plow pans under the traditional cultivation system

The results of the field tests on penetration resistances of soils in cultivated fields
are shown in Table 3.7, Figure 3.9 and Figure 3.10. It can be seen from the
figures and tables that the maximum soil strength occurred over the depth range
0f 0.18 to 0.2m.

Table 3.7. Soil penetration resistance (kg-cm™, n=18)

Melkaweba Waulinchity

Field
Depth (cm) Field 1 2 Field3 Fieldl Field2 Field3
0 13 9 9 25 12 11
10 12 12 11 34 15 13
15 15 28 15 41 23 13
18 36 32 23 54 31 24
20 34 25 22 41 33 22
25 28 22 19 35 27 20
28 23 19 20 32 25 16
40 22 17 19 28 19 17

It is interesting to note that field 1 is where fef was planted the previous year.
Farmers normally let animals trample over tef fields immediately after sowing in
order to improve seed to moist soil contact for better emergence. As a result soils
planted to fef are more compact than those planted to maize at both Wulinchity
and Melkawoba. Field 2 and 3 are two different fields where maize was grown
the previous year. It is also evident from the results that soils at Wulinchity
especially those planted to fef are harder than those at Melkawoba. This could be
due to textural differences, as determined earlier, soils at Wulinchity being
heavier than those at Melkawoba.

Considering higher soil strength over the top 0.25 m layer it would be advisable
to operate subsoilers up to and below 0.25 m in order to disrupt the plow pan
created by the traditional Maresha cultivation system.
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Figure 3.9 Penetration resistances at Melkawoba
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3.4 Conclusions

The V-shaped furrows created by the Maresha plow leave unplowed strips of
land between adjacent passes. Farmers are forced to undertake repeated and cross
plowing in order to till the land left between furrows.
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Commencement of tillage in the study area is dictated by the onset of rainfall.
Farmers do not plow before the rain starts in order to minimize draft power
requirements, to reduce soil pulverization thereby reducing compaction by
subsequent rains, to minimize weed infestations, to reduce clods and to allow
weed emergence for better control. Dry plowing is mostly practiced by farmers
who do not own oxen and thus have to borrow from others before the normal
tillage commencement period in order to avoid competition.

Tillage frequency increased with level of education and experience of farmers;
size of farm owned; and perceived purposes of tillage such as moisture
conservation and weed control. Tillage frequency also increased in heavy
textured soils and in situations where rainfall occurred over longer periods of
time. 7ef fields are generally plowed 3 to 5 times while in most cases, maize
fields are plowed 3 to 4 times.

The main purposes of tillage for growing maize and fef at Melkawoba and
Waulinchity are soil moisture conservation and weed control. Farmers perceive
soil warming as one of the purposes of tillage but this needs further investigation.
Farmers in the study area plow the soil in order to improve soil water content
through increased infiltration by breaking surface crust formed as a result of
rainfall impact followed by drying and through reduced evaporation by closing
evaporation paths, which is locally called Nish kebera (hiding moisture). Early
onset of rainfall followed by repeated cycles of wetting and drying before
planting time forces farmers to increase tillage frequency.

Plow pans are formed under the Maresha cultivation system. The plow pans are
located at depths ranging from 0.18 m to 0.25 m. Tef fields at Wulinchity
exhibited the highest soil strength while maize fields at Melkawoba had the least
strength. It is recommended that subsoiling below the depth of 0.25 m be carried
out in order to disrupt the plow pan and to allow better infiltration and root
growth.



Chapter 4

MARESHA MODIFIED IMPLEMENTS FOR

CONSERVATION TILLAGE®

4.1 Overview

Appropriate tillage implements are often the primary concern when shifting from
conventional tillage to conservation tillage. In mechanized agriculture shifting to
conservation tillage is usually accompanied by abandoning plows and harrows
and introducing sprayers for the application of herbicides as it has been found
that use of herbicides were more economical than mechanical tillage with tractors
due to rising fuel costs (Derpsch, 1998). On the other hand, under smallholder
farming systems use of herbicides for weed control has not been feasible (Ofori,
1993; Muliokela et al., 2001). Under hoe culture, shifting to conservation tillage
system requires the adoption of animal traction as the implements required for
conservation tillage are mostly animal drawn. In Ethiopia, a large number of
farmers use oxen for tillage (Pathak, 1987). However, the traditional oxen drawn
implement, the Maresha plow, has been found to force farmers to undertake
repeated and cross plowing, which causes land degradation (Chapter 3).
Therefore, there is a need to come up with improved implements that can
undertake conservation tillage systems without being too expensive, too heavy
and too sophisticated for the resource poor smallholder farmers in semi-arid
regions of Ethiopia.

Animal drawn implements developed to undertake conservation tillage under
smallholder farming systems include the Palabama Subsoiler and the Magoye
ripper (Jonsson et al, 2000; Muliokela et al., 2001). These implements were
developed as attachments to the mould board plow frames that are too heavy and
unaffordable by smallholder farmers in Ethiopia (Goe, 1987; Temesgen, 2000).
In this chapter, different types of conservation tillage implements, which were
developed as modifications or attachments to the traditional tillage implement,
the Maresha plow, are presented. The results of testing their performance on
farmers’ fields are reported.

4.1.1 The Maresha plow - Opportunities and Drawbacks

Farmers in Ethiopia have used the Maresha plow (Figure 1.4) for thousands of
years (Goe, 1987). It is very simple, light in weight, cheap, and locally made.
However, as a conventional tillage implement, the Maresha plow has got several
drawbacks which arise mainly from the fact that the plow forms V-shaped

3 Based on: Temesgen, M., Hoogmoed, W., Rockstrom, J., Savenije, H. H. G. Conservation
Tillage Implements for Smallholder farmers in Semi-arid Ethiopia. Accepted in: Soil and
Tillage Research Journal.
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furrows and results in incomplete plowing (Chapter 3). These drawbacks can

have the following effects.

1. Because of incomplete plowing, farmers have to do repeated tillage in order
to produce a fine seedbed especially for tef. As a result, the soil is excessively
pulverized resulting in a poor structure (crust formation, compaction, etc.)

2. Because of the V-shaped furrow formed by the Maresha plow it is necessary
that every two consecutive tillage operations are oriented perpendicular to
each other. Thus, in inclined fields one of the two plowing operations fall
along or nearly along the slope. The furrows encourage runoff when they are
laid along the slope (Edwards et al., 1993 and Basic et al., 2001). This is a
very serious problem in Ethiopia because the country is very hilly resulting in
large amounts of soil and water loss.

3. Because of repeated tillage at shallow depth, plow pans are formed (Chapter
3), which hinder water infiltration (Whiteman, 1979) and root growth
(Rowland, 1993; Willcocks, 1984).

4. The V-shaped furrow exposes a larger surface area of the soil to the
atmosphere. Rough surfaces appearing during primary tillage operations
enhance gas exchanges CO, (Reicosky, 2001) resulting in losses of organic
carbon. Moreover, evaporation losses are higher due to larger surface area
exposure.

Research to improve The Maresha plow began as early as 1939 when the Italians
introduced the animal drawn mould board plow (Goe, 1987). FAO (Food and
Agriculture Organization) conducted a series of on-farm trials on implements in
the 1950s while the Alemaya and the Jimma Agricultural Colleges made efforts
to improve the traditional tillage implement in the early 1960s. In 1968, the
Chilalo Agricultural Development Unit started research on several types of
tillage implements while the Institute of Agricultural Research began activities
on improving the traditional implement in 1974. However, none of these efforts
were successful in developing prototypes acceptable by Ethiopian farmers (Goe,
1987). The major reasons behind the reluctance of farmers to adopt the newly
introduced implements were the fact that they were too heavy and expensive.

Opportunities: Although, the Maresha plow has these drawbacks, it also has a
number of merits such as simplicity, lightness and low cost. Moreover, Rippers
developed elsewhere such as those of the Magoye Ripper, cut the same type of
V-shaped furrow as that of the Maresha plow. Hence, the Maresha plow can be
used as a ripper without any modification. Other conservation tillage implements
that were developed as modifications to the Maresha plow also are simple, light
and cheap (Temesgen, 2000). This could be an opportunity to use these
implements by resource-poor farmers. The following implements were developed
as attachments to or modifications of the Maresha plow aimed at undertaking
field operations related to conservation tillage.

4.1.2 The Subsoiler
Conventional tillage systems often cause the formation of plow pans or hard pans
that restrict infiltration and root growth. One of the objectives of conservation
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tillage practices is to break the hard pan. The implement meant for breaking the
hard pan is called Subsoiler. Several types of subsoilers have been developed for
animal traction including the Palabana Subsoiler. However, such implements
were developed as modifications to the steel mould board plows that are made of
heavy and expensive frames. It was, therefore, found necessary to develop a
subsoiler as a modification of the Maresha plow. The Subsoiler (Figure 4.1) was
made by replacing the tip of the Maresha plow by a narrow metallic part and the
wooden boards by a pair of rods (Temesgen, 2000).

4.1.3 The Tie-ridger

In semi-arid regions, rainfall is erratic, which means a high intensity rainfall is
followed by long dry spells. As a result, more water is lost through runoff and the
soil dries out quickly during dry spells making less water available to the crop.
Tied ridges are a series of basins formed in the field by tying furrows at certain
intervals. They reduce runoff by creating obstacles to the movement of water
thereby storing more water in the field and maintaining the soil moisture during
dry spells. The equipment used to make such structures in the field is called a
Tie-ridger (Figure 4.2). The Tie-ridger is made by attaching a blade to the tip of
the Marehsa plow. The blade is designed to make wider furrows with reduced
draft power requirement and lower lifting forces.

Figure 4.1. Maresha modified Subsoiler
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Figure 4.2. The Maresha modified Tie-Ridger

4.1.4 The Sweep

The Sweep (Figure 4.3) is made by replacing the wooden boards of the Maresha
plow by a pair of rods and a 55 cm wide blade. The blade cuts younger weeds
that emerge after primary tillage. The main purpose of the Sweep is to improve
timeliness of operations. It operates shallow thereby reducing draft power
requirements and increasing speed of operation. It has got larger width of
operation and hence more area is covered per unit of time. Moreover, the Sweep
can be used to mix fertilizer with the soil during tef planting. Traditionally,
farmers broadcast fertilizer on the surface and do not mix it with the soil. The
reason is that if they mix it using the Maresha plow, the fertilizer will be buried
too deep for the shallow-rooted fef crop. The drawbacks of leaving fertilizer on
the surface include losses due to volatilizations and sheet erosion. Besides, the
roots of the tef crop are forced to concentrate at the surface where the fertilizer is
placed. The consequences are poor utilization of available moisture in the lower
layer of the soil and lodging due to poor support. The former is particularly
important when there is a dry spell during which the upper layer dries out with
the moist layer progressively moving down the soil profile.
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Figure 4.3. Maresha Modified Sweep

4.1.5 The Maresha Modified Plow

The Maresha Modified Plow (MMP) is the result of the incorporation of the
bottom of the mould board plow with the frames of the Maresha plow (Figure
4.4). The incorporation of the bottom of the mould board plow into the Maresha
plow is an opportunity to make the plow simple, light and cheap such that it is
affordable by farmers in Ethiopia. The V-shaped furrow created by the Maresha
plow has been identified to be the main cause of repeated plowing by farmers in
Ethiopia (Chapter 3). It is, therefore, necessary that the implement be modified
such that it forms U-shaped furrows that are more effective in weed control thus
reducing the need for repeated and cross plowing. The reason for the V-shaped
furrow created by the Maresha plow is the V-shaped geometry of its soil
engaging part that penetrates deep at its tip while the wooden boards widen the
furrow with the maximum width attained at the surface. MMP, on the other hand,
operates with the full width of the share cutting at the bottom of the furrow. It is,
therefore, hypothesized that MMP can form a U-shaped furrow which would
then lead to reduced tillage frequency.
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Figure 4.4. The Maresha modified plow.

4.1.6 The semi-automatic Row Planter.

Too much labor and time required for manual planting forces farmers to
broadcast maize leading to uncontrolled and often too high plant density. Too
high plant population leads to low water uptake per plant. Moreover, farmers do
not apply fertilizer in broadcasted maize in addition to practicing poor tillage
systems. The results are stunted growth and low yields (Figure 4.8).

Animal drawn Row Planters that were developed based on the designs of the
tractor drawn Row Planters that involve ground wheels for metering seeds and
fertilizer were not found to be effective under poorly prepared fields of the
smallholder farmers. The rather light weight row planter equipped with small
diameter wheels skidded and was unable to deliver seeds uniformly resulting in
large unplanted gaps (Temesgen, 2000). A semi-automatic Maresha mounted
Row Planter was developed in Ethiopia with a seed metering mechanism
maneuvered by the operator instead of ground wheels (Temesgen, 2000).

The objective of this study was to evaluate the field performance of the newly
developed implements with particular emphasis on their ability in reducing the
time and energy required for the particular operation and in making more water
available to the crop under rain fed agriculture in semi-arid regions.
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Figure 4.5. Maresha mounted row seeder

Figure 4.6. The inverted BBM
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4.2 Methodology

4.2.1 Testing sites

Field tests were carried-out in 2004 and 2005 at Melkawoba and Wulinchity. Full
description of the sites is given in Chapter 3.

4.2.2 Implements tested

The implements tested were the Subsoiler (Figure 4.1), the Tie-ridger (Figure
4.2), the Sweep (Figure 4.3), the Maresha Modified Plow (Figure 4.4) and the
Row Planter (Figure 4.5). The Maresha plow (Figure 1.4) and the inverted Broad
bed maker (BBM) (Figure 4.6) were tested as checks. Tests were carried out on
standard tests plots of 10 m x 40 m (Temesgen, 1995).

4.2.3 Measurement of draft power requirement.

Measurement of draft power requirement was carried out using a SkN
dynamometer for all the implements. The load cell was attached between the
center of the yoke and the end of the plow beam. Readings were taken from a
digital display attached to the load cell. Field performance tests were made on 40
m long plots for all the implements.

Testing of the Subsoiler: The Subsoiler was tested with due consideration of the
way it will be used for conservation tillage. The type of conservation tillage
designed for smallholder farmers in the semi-arid regions of Ethiopia involves
ripping the field at a spacing of 0.75m, using the Maresha plow, followed by
breaking of the plow pan along the ripped lines. Hence, the Subsoiler has been
tested on furrows that were made by the Maresha plow. Comparisons were made
with the use of the Maresha plow repeatedly along the same furrow to see if
farmers can do without the Subsoiler. Thus, there were five sets of operations.
Single pass with the Maresha plow (Maresha alone)
Two subsequent passes with the Maresha plow (Maresha after Maresha)
Three subsequent passes by the Maresha plow (Maresha x 3)
A single pass by the Subsoiler over a furrow made by the Maresha plow
(Maresha + Subsoiler)
5. Two subsequent passes with the Subsoiler over a furrow made by the
Maresha plow. (Maresha + Subsoiler x 2)

Sl e

Data were collected on depth of operation and draft power requirement. After
each operation, the loose soil was carefully removed from the bottom and edges
of the furrow at 10 randomly selected points along the furrow. A ruler was placed
across the furrow and the maximum depth of operation was determined by
measuring the vertical distance between the bottom of the furrow and the lower
side of the ruler. The tests were replicated five times.

Additional tests were also made after the introduction of the closed furrow strip
tillage system. In the latter, two or three adjacent passes were made using the
Maresha plow. The Subsoiler was then used once at the middle of the plowed
strip.
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Testing of the Tie-ridger: The Tie-ridger has been tested in comparison with the
Maresha plow and the inverted BBM. It was compared with the Maresha plow
because we wanted to see whether farmers can undertake tie-ridging with the
traditional implement. Moreover, the inverted BBM was tested because Bayu et
al (1998) reported that it can be used for tie-ridging. Data were collected on draft
power requirement and cross sectional area of the furrows produced. The latter
was calculated after determining the maximum depth and width of the furrows.
The cross sectional area of the furrow is related to the volume of water that can
be retained in the basins created by the tie ridging operation. Ten readings were
taken at randomly selected points at each furrow and the test was repeated five
times.

Moreover, we measured the lifting force required when tying the furrows. A
pocket balance was used to measure the lifting force with one end attached to the
handle while the other end was lifted by the operator in the same way as the plow
is lifted while tying furrows. A moving pen was attached to the indicator of the
balance. The highest mark made by the pen was recorded as the lifting force. The
mark was then cleaned every time a reading was taken. Ten readings were taken
at randomly selected points at each furrow. The test was repeated five times.

Testing of the Sweep. Field performance evaluation of the Sweep has been made
in comparison with the Maresha plow. Width of cut was measured using pocket
meters by visually inspecting the soil cut by the Sweep without removing loose
soils. Other data collected include draft power requirement, speed of operation,
and total time required to complete the operations. The test was repeated five
times and ten readings were taken during each test.

Testing of the Maresha Modified Plow: The Maresha Modified Plow (MMP)
has been tested in comparison with the Maresha plow. Data collected include
draft power requirement, depth and width of cut, weeding efficiency and time
requirement. Profiles of the soils were made at intervals of 2 cm both before and
after plowing. Pegs were installed at the sides of the test plots on which a
horizontal bar of 1.2 m long made of a rectangular hollow cross section of 50
mm x 20 mm x 3 mm was carefully placed. The bar has got 10 mm diameter
holes drilled at a spacing of 2 cm through which 0.5 m long and 8 mm diameter
rods passed. The rods moved freely through the section of the bar when placed
on the ground both before and after plowing thus forming the profile of the soil.
The heights of the rods protruding above the horizontal bar were measured to
plot the profiles both before and after plowing. The depth and width of cut were
determined using the readings thus taken. Weeding efficiency was determined by
counting the number of weeds in a 1 m x 1 m steel frame that was randomly
thrown at five spots in the test plots both before and after plowing. The
difference between the number of weeds before plowing and that after plowing
divided by the number of weeds before plowing and multiplied by 100 was taken
as the weeding efficiency.
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Testing of the semi-automatic Row Planter: Laboratory tests have been carried
out to determine the number of seeds delivered per each stroke, which represents
approximately 0.55 m span on the ground and to find out if the Row Planter
missed delivery. The Row Planter was mounted on the Maresha plow and filled
with maize seeds of Katumani variety. One person oscillated the wooden lever of
the planter clockwise and counter- clockwise at a speed of approximately one
stroke per second to simulate actual conditions in the field. Two people collected
outputs from the delivery pipe on alternate strokes and counted the number of
seeds thus collected while a fourth person recorded the readings. A total of 300
strokes were made with each stroke’s delivery counted separately. Fertilizer was
delivered in the same fashion after removing the seeds from the hopper. The total
amount of fertilizer delivered for each set of 10 strokes was weighed using
sensitive balances.

In the field, the Row Planter was compared with manual placement of seeds and
fertilizer using the Maresha plow to open furrows. The Row Planter was adjusted
to drop 3 seeds and 4 grams of Di-Amonium Phosphate (DAP) fertilizer per 0.5
m. The number of seeds placed in the hopper of the Row Planter was counted
both before and after planting in order to determine the number of seeds placed
in each plot. Plot sizes were 40 m x 10 m each so that 14 rows, with a spacing of
0.75 m, were contained in each plot. Manual placement was made behind the
Maresha plow with 3 seeds and 4 grams of DAP fertilizer dropped at a spacing
of 0.5 m. The number of labor and time required to cover each plot were
recorded. Seedling emergence counts were made on the 7%, 14™ and 21* day after
planting. Grain yield and biomass data were also collected.

4.3 Results and discussion

4.3.1 Field performance of the of Subsoiler:

The results of the tests made on the Subsoiler are presented in Table 4.1.
Statistical analysis shows that there are highly significant differences in
performance in terms of working depth and required draft between the Subsoiler
and the Maresha plow. However, differences between the respective third and
second passes are not statistically significant.

The Subsoiler resulted in sufficient depth of penetration to disrupt the hard pan
created under the Maresha plow. The maximum penetration resistance of
undisturbed soils under the Maresha plow cultivation system was found to be
located at a depth of 0.2 m (Chapter 3). This depth represents the hard pan which
should be disrupted in order to allow infiltration and root growth. The Maresha
plow was not able to break the hard pan even after it was used three times along
the same furrow. On the other hand, the Subsoiler disrupted the hard pan in a
single pass over a furrow made by the Maresha plow.

Two types of strip tillage systems, one with open furrow and the other with
closed furrows have been tested (see Chapter 5) in order to minimize
evaporation. The performance of the Subsoiler in the closed furrow strip tillage
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Table 4.1. Field performances of the Subsoiler.
Treatment Cumulative ~ STD. N  Change Draft STD N

depth of cut in depth*  force’

(mm) (mm) (kg)
Maresha 154 1.2 50 0 107 124 96
alone
Maresha x2 185 1.7 50 31 54 8.0 84
Maresha x3 207 3.8 50 22 49 39 90
Maresha + 239 0.7 50 52 4.4 79
Subsoiler x1 85
Maresha + 268 4.5 50 51 5.0 81
Subsoiler x2 29

system was significantly higher than in the single pass (open furrow) strip tillage
system. Accordingly, the maximum depth of penetration of the Subsoiler, when
used over a single pass of the Maresha plow (open furrow), was 0.23 m as
opposed to 0.27 m when the Subsoiler was used over the middle of a strip made
by two adjacent passes with the Maresha plow (closed furrow). The depth of
penetration was even increased to 0.31m when the Subsoiler was used once over
the middle of a strip made by three adjacent passes of the Maresha plow. The
differences were statistically significant at P<0.01 (data not shown). Although,
the depth of operation of the Subsoiler was increased to 0.27 m (see Table 4.1)
by using the Subsoiler two times, which is comparable to the depth of operation
when the Subsoiler was used once over two adjacent passes of the Maresha plow
(0.27 m), the closed furrow strip tillage system was found to have other
advantages over the open furrow (Chapter 5). Hence, it is recommended to use
the Subsoiler once over two or three adjacent passes of the Maresha plow instead
of using it twice over a single pass of the Maresha plow.

4.3.2 Field performance of the Tie-ridger.

The test results of the Tie-ridger are shown in Table 4.2. The larger cross
sectional area of the tie-ridger compared to the Maresha plow and the inverted
BBM (P<0.001) would enable retention of more water. As a result, rainfall
partitioning can be positively altered by the Tie-ridger, making more water
available for crop production in a semi-arid region where rainfall is erratic.

The draft power requirement of the Tie-ridger was also lower than the other two
implements (P<0.001) which would enable the rather weak oxen in semi-arid
regions to perform the job of tie-ridging with less energy. Moreover, the lower
lifting force required by the Tie-ridger (P<0.001), when tying the furrows (Table
4.3), will considerably reduce the drudgery of the operation. The lifting force is
so low with the Tie-ridger because the high inclination angle of the blade of the
Tie-ridger reduces the vertical soil pressure that resists lifting.

4 . . . .
The change in depth refers to differences between two consecutive operations.
The draft force was recorded for the last single operation.
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Table 4.2. Draft force requirement and cross sectional area of furrows with
different implements.

Type of implement ~ Draft N STD Cross sectional N  STD
force (kg) area of furrows
(cm?)
The Maresha plow 103 118 7.1 305 50 308
The Tie-Ridger 79 78 6.0 416 50 385
The inverted BBM 96 85 6.9 363 50 46.9

Table 4.3. Lifting force required by different implements while tying furrows.

Type of implement Lifting force (kg) N STD
The Maresha plow 423 50 6.6
The Tie-Ridger 24.6 50 3.5
The inverted BBM 43.9 50 4.8

The problem of moisture loss through soil evaporation observed with the timing
of subsoiling (Chapter 5) is analogous to the problem reported on tie-ridging.
This could partly explain the mixed results often reported on tie ridging. Several
investigators (e.g. Hulugalle, 1990; Day et al., 1992; Georgis and Sinebo, 1993;
Bruneau and Twomlow, 1999) have reported positive results from tie ridging
while others concluded that tie ridging was not effective under semi arid
conditions (e.g. Vogel, 1993; Gicheru, 1994). The problems were in all cases
related to the timing of the operation and linked to imbalances between allowing
more infiltration and minimizing soil evaporation. Field trials should be initiated
to evaluate the performance of tie ridging in relation to timing of the operation.

4.3.3 Field performance of the Sweep.

Table 4.4 shows the test results made on the Sweep to see its efficiency in terms
of accomplishing light work, such as weed control and fertilizer incorporation
during tef planting. The Sweep works faster than the traditional implement,
because of wider operation and lower draft power requirement that enables the
oxen to walk faster. It is expected that such a high work rate will enable dry land
farmers to accomplish timely planting of fef that is critical to properly utilize the
available growing period.

Table 4.4. Field performances of the Sweep.

Width Speed of operation Draft force
Implement  (mm) (kg)
(m-s™) (ha-hr™)
Maresha 412 0.63 0.056 &3
Sweep 562 0.71 0.083 52

Shallow operation by the Sweep can be attractive to farmers who face a dilemma
whether to plow their maize fields during dry spells. Normally, after the initial
tillage on maize fields, dry spells occur with a simultaneous emergence of weeds
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that exhaust soil moisture from the lower layers. Plowing the field with the
Maresha Plow exposes the lower moist soil to evaporation. Leaving the lower
soil layer undisturbed would maintain dry soil mulching at the surface, if farmers
could control weeds otherwise. Such a dilemma could be dealt with by the use of
the Sweep that just controls newly emerged weeds without exposing the lower
moist soil.

4.3.4 Field performance of the Maresha Modified Plow.

The Maresha Modified Plow (MMP) took longer (27 hours-ha™) than the
Maresha plow (23 hours-ha™) for the first tillage (Table 4.5). However, the
Maresha plow left unplowed strips of land that had to be dealt with during the
second and the third tillage operations (Figure 3.2).

On the other hand, MMP made U-shaped furrow thus leaving no unplowed land
between consecutive passes (Figure 4.7). Therefore, repeated and cross plowing
can be avoided by using MMP. Unplowed strips of land can be left intentionally
at a chosen spacing in order to retard the movement of water depending on the
slope of the field. The MMP was also superior to the Maresha Plow in weeding
efficiency, depth of operation and width of cut.

Table 4.5. Field performance of the Maresha Modified Plow (MMP) at
Melkawoba .

Type of implement Draft Depth Width  Weeding Time  for
force ofcut ofcut efficiency first tillage

(kg)  (m) (m) (%) (hr-ha™)
The Maresha
Modified Plow 110  0.16 0.3 89.3 27
(MMP)
The Maresha plow
(MP) 102 0.11 0.26 57.2 23

NS P<0.05 NS P<0.01 P<0.05
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Figure 4.7. Profile of soil cut by three passes of the Maresha Modified Plow.
Note complete disturbance of the U-shaped profile contrary to Figure 3.2.

4.3.5 Field performance of the Semi-automatic Row Planter.

Laboratory tests indicate that the Row Planter delivers 1-5 seeds per stroke with
the maximum number of occurrence being 3 seeds (42%) and 2 seeds (31%)).
Four seeds were delivered 17% of the time while the shares of 5 seeds and 1 seed
were 7% and 3%, respectively. No record of zero delivery was made during the
300 strokes.

Manual placement of seeds and fertilizer required three people (one operating the
Maresha plow to open furrows, a second person to drop seeds and a third person
to drop fertilizer) while the Row Planter was operated by one person only. The
time required to complete a hectare of land using manual techniques (with three
persons) was 26 hours-ha™ while a single person required only 12 hours to do the
same using the Row Planter with a covering device while 23 hours were required
when the Row Planter was operated without the covering device. Thus, the
maximum saving in man-hour (expressed as the product of the number of
persons and time required to complete a given area) was 85%.

Table 4.6 Effect of use of Row Planter on seedling emergence (%) and grain
yield (kg-ha™) of maize at Melkawoba.

Planting 2004 2005 Mean
method

Planter Manual Planter Manual Planter Manual

Seedling
emergence 78 42 71 46 75 44
(%)

Grain yield

(ke-ha™) 1300 1080 1670 1420 1485 1250
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Table 4.6 shows the results of agronomic evaluation of the Row Planter on
farmers’ fields. The Row Planter resulted in significantly higher seedling
emergence and higher grain yields of maize in both years (P<0.01). Higher
seedling emergence was probably the result of better seed to moist soil contact
because we observed that the Row Planter dropped seeds immediately after the
furrows were opened by the Maresha plow as the planter was mounted directly
on the latter. However, in the manual placement techniques, the person that drops
seeds behind the Maresha plow is in most cases 5-10 m away form the plow and
hence dry soil had the chance to flow back on to the bottom of the furrow,
thereby covering the moist soil with a thin dry layer before the seeds are dropped.
This may have resulted in poor seed to moist soil contact leading to reduced and
delayed seedling emergence. Lower grain yields in the manual placement
techniques are probably the result of delayed and reduced seedling emergence.

The combined effect of proper tillage system, fertilization and row planting
produced up to 5 times the grain yield, compared to traditional practices of
broadcasting seeds, improper tillage and no use of fertilizer (Figure 4.8). The
maize crop on the right side was planted on the same date and with the same
variety as the one on the left. The field is owned by the same farmer who has
been cultivating his field in the same traditional method as in the one on the right
side before the new systems were introduced. The crops in the experimental plots
were easily distinguished from those in the rest of the fields by their vigorous
growth and deep green color. In some years, farmers in the village did not
harvest any maize at all, while the experimental fields still produced some. This
scene drew the attention of many farmers who approached the author to learn
more about the changes introduced. The author has been informed that some
farmers have actually started practicing the new techniques during the main
season of 2006.

4.4 Conclusions

The following conclusions can be drawn from these field experiments: The
Subsoiler, when operated along furrows made by the Maresha plow, penetrated
up to a depth of 0.24 m, which would enable disruption of the hard pan created
under the conventional cultivation system of the Maresha plow. Moreover, a
single pass of the Subsoiler over a strip that was cultivated with three adjacent
passes of the Maresha Plow resulted in a 0.31m depth of penetration.

The Tie-ridger made furrows with larger cross sectional areas than those made by
the Maresha plow and the inverted BBM while requiring lower draft forces. The
lifting force required by the Tie-ridger when tying furrows was lower than that
required by the Maresha plow and the inverted BBM.

The Sweep reduced the time and draft forces required during secondary tillage
operations. Shallow operation of the Sweep can be used to control weeds during
dry spells without exposing the lower moist soil.
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The Maresha Modified Plow produced U-shaped furrows that made it possible to
completely disturb the soil in a single operation thus avoiding the need for

repeated and cross plowing. Weeding efficiency and depth of operation were
higher with the Maresha Modified Plow. The Semi-automatic Row Planter saved
man-hour requirement of manual row planting, increased seedling emergence
and increased grain yield of maize.

Economic analysis of some of these implements as related to conservation tillage
systems are presented in subsequent chapters. The main reason for the economic
benefits of these implements is the fact that they were developed as
modifications and attachments to the Maresha Plow, which is locally made and
inexpensive. Farmers felt greater level of technological ownership on these
implements as they are acquainted with many of their components. The field tests
have shown that these implements can be used, by resource poor smallholder
farmers in Ethiopia, to undertake conservation tillage systems.

S e N

Figure 4.8. Picture comparing improved (left) and traditional (right) maize
production systems. Changes made are tillage system, row planting and
fertilization resulting in 5 times yield increment.



Chapter 5

WATER PRODUCTIVITY OF STRIP TILLAGE
SYSTEMS FOR MAIZE PRODUCTION IN SEMI-
ARID ETHIOPIA®.

5.1.1 Overview

The traditional implement in Ethiopia, Maresha (Figure 1.4), and the tillage
system that require repeated plowing have caused land degradation (Bezuayehu
et al., 2002), delayed planting and high drudgery to both draft animals and
human beings (Pathak, 1987). Poor soil structure results in poor rainwater
retention and infiltration (Rockstrom and Valentin, 1997; Hoogmoed, 1999)
while delayed planting shortens the length of the growing period available for the
crop (Rowland, 1993). Timeliness of operation is a serious problem for
smallholder farmers in Ethiopia that cultivate 95% of the land under agriculture
with more than 60% of them owning one or no ox (Pathak, 1987). Moreover, due
to the geometry of the traditional tillage implement, farmers are forced to carry
out cross plowing which orients the plow along the slope in one of two
consecutive tillage operations thereby encouraging surface runoff (Chapter 3).

Incorporation of crop residues with tillage and repeated exposure of the soil to
the atmosphere causes loss of soil organic carbon (SOC) through oxidation and
mineralization. The rate of SOC loss upon conversion from natural to agricultural
ecosystems is very high in the tropics (Lal, 2001). A number of studies have
indicated decline of important soil qualities such as soil organic carbon and total
Nitrogen (TN) following conversion of forest land into arable land (Lemenih et
al., 2005) although the rates could be variable (Lemenih and Itanna, 2004). SOC
and TN improve soil quality and crop productivity (Bauer and Black, 1994).

Introduction of conservation tillage practices using appropriate equipment can
help farmers improve soil quality for sustainable agriculture (Ahenkorah, et al.,
1995; Chen et al., 1998; Steiner, 1998; Rockstrém and Jonsson, 1999; Biamah
and Rockstrom, 2000; Freitas, 2000).

However, reduced or no tillage without soil cover results in reduced infiltration
and lower grain yields (Georgis and Sinebo, 1993; Akinyemi et al., 2003; Guzha,
2004). Such problems are inevitable in areas where lack of off-season rainfall
and dry season feed shortage make it difficult to cover the soil either with crop
residues or cover crops. This is typically the case in semi-arid Ethiopia, and this
situation calls for an alternative approach. A strip tillage system may offer a
solution.

% Based on: Temesgen, M., Rockstrém, J., Savenije, H. H. G., Hoogmoed, W. B. Water
productivity of strip tillage systems for maize production in semi-arid Ethiopia. Submitted to
Agricultural Water Management
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Strip tillage systems where planting lines are cultivated while the inter-row space
is left undisturbed have been found to have the benefits of both no tillage and
conventional tillage (Mullins et al., 1998; Lee et al., 2003; Licht and Al-Kaisi,
2005). Moreover, strip tillage systems allow the farmer to plow only in one
direction, along the contour, so as to prevent surface runoff. Tillage time is
reduced thus enabling farmers to complete land preparation in time and reduce
the oxen time required which would be particularly beneficial to resource poor
farmers who own only one or no oxen at all.

This chapter reports on experiments evaluating a strip tillage system for maize
production in two semi arid areas in Ethiopia. Traditional and improved tillage
systems were evaluated for their impact on grain yield, soil water balance, and
soil physical and chemical properties. Financial analysis was also made for the
different tillage systems.

5.1.2 Materials and Methods

5.1.3 Experimental site

Experiments were carried out on selected farmers’ fields at Melkawoba and
Waulinchity. Detailed description of the two experimental sites has been given in
Chapter 3.

5.1.4 Treatments
Three parallel treatments have been tested:

1) Conventional tillage (CONV) in which the land was plowed three to four
times depending on the rainfall situation and according to farmers’
practice.

2) Strip tillage system (ST) in which the planting lines were cultivated using
the Maresha plow at 0.75 m spacing.

3) Strip tillage system with subsoiling (STS) in which the planting lines
were cultivated using the Maresha plow followed by subsoiling with a
Maresha modified Subsoiler (Figure 4.1) over the same furrows.

In 2003 and 2004, the design was a completely randomized block with 8
replications at each site whereas in 2005, ten replications were made. Each plot
was 10 m by 10 m. A short cycle maize variety, Katumani, was planted in rows
of 0.75 m spacing at a rate of 30 kg-ha'. In 2003 and 2004, the plots were split
into subplots with and without fertilizer. Fertilizer was applied at a rate of 100
kg-ha™! Di-Amonium Phosphate (23 kg N and 46 kg P,Os) at planting and 50 kg-
ha™! Urea 35 days after planting.

In the year 2005, all plots were fertilized. Moreover, due to early onset of rainfall
in 2005 six blocks were planted with a medium maturing local maize variety
called Limat on May 17, 2005. Four other blocks were planted with an early
maturing maize variety called Katumani. Water balance studies were carried out
in the two late planted blocks. Moreover, the furrows made along planting lines
in the conservation tillage treatments were closed with a second pass adjacent to
the previous as opposed to leaving them open. A separate experiment was also



Conservation Tillage for Maize 55

carried out comparing open and closed furrows both in STS and ST treatments to
observe the effect of closing the furrows.

5.1.5 Water balance

Daily rainfall was measured at 9:00 o’clock using two rain gauges installed near
the experimental plots. Pan evaporation, E,, was measured daily at 9:00, 12:00
and at 15:00 hours using a Class A-pan installed near the experimental plots.
Surface runoff was collected using a 0.5 m x 0.25 m x 10 m trough installed at
the bottom of each of the 10 m x 10 m plot (Figure 5.1). The volume of water
thus collected was manually scooped and measured using a 20-liter container and
a graduated glass jar. Soil moisture was monitored using a Time-Domain
Reflectometer (TDR) moisture measuring equipment from Eijkelkamp® and
access tubes buried to depths of 1.8 m. Two tubes were installed on each plot in
0.04 m diameter holes drilled using hand augers. The holes were located 4.5 m
from the North-West and South-East corners of each plot along the diagonal line
that connects the two corners. With two replications, there were four tubes for
each treatment. The mean values of data collected from the four tubes were used
for the analysis.

Figure 5.1. Surface runoff collecting trough covered with hanging plastic sheets
to prevent direct precipitation.

The leaf area index (/) expressed as m*-m?, was determined by measuring the
maximum width and length of leaves on randomly selected 5 plants in each plot
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with a pocket meter at 30 and 60 days after planting. The leaf area (4) was
calculated with the equation of Stewart and Dwyer, (1999). Thus,

A=aW, L (5.1)
where a is a coefficient with a value of 0.75 for the short stature maize variety
used in our experiment, W), is the maximum width of the leaf and L is the length
of the leaf.
114 was calculated by adding the areas of all the leaves in each plant and dividing
the sum by the area of land covered by each plant (Antunes et al., 2001),
which also means multiplying the total area of a single leaf by the
population, P,. Thus,

1, :POZAi (5.2)
i=1

where Py is plant population per m* and # is the number of leaves in each plant.

5.1.6 Modelling the water balance
Two types of models, a physically based and a conceptual model, were used to
estimate the deep percolation and evaporation.

CoupModel

A physically based, one-dimensional ecosystems modelling package, the
CoupModel (Jansson and Karlberg, 2004) was used to calculate evaporation of
the maize crop for different tillage practices. CoupModel (and its precursor the
SOIL-model) has been used in many climates and for several ecosystems (e.g.
Blombéck et al., 1995; Girdenés and Jansson, 1995; Alvends and Jansson, 1997;
Rockstrom et al, 1998; Gustafsson et al, 2004; Karlberg et al., 2005). In
CoupModel, vertical water and heat transport in a layered soil profile is
calculated with two coupled differential equations: the Richards equation for
unsaturated flow and the Fourier law of diffusion (Jansson and Halldin, 1979).
Net radiation is partitioned between the plant canopy and the soil according to
Beer’s law ((Impens and Lemeur, 1969). Precipitation infiltrates in the soil or
forms a surface pool on the soil surface. In the CoupModel, no surface runoff is
assumed, since measured surface runoff was deducted from the precipitation
prior to the simulations. According to the Penman-Monteith equation (Penman,
1953; Monteith, 1965), total evaporation, E, is a function of net radiation and the
vapour pressure deficit:

ARn +pan (eS _ea)
r

p.AE = a (5.3)

A+ 7/(1 +’”s]
ra

where R, is net radiation available for evaporation (MJ —m—z—day—l) , & 18 the
vapor pressure at saturation (kPa), e, is the actual vapor pressure (kPa), p, is air
density (kg m™), ¢, is the specific heat of air at constant pressure (kJ-kg'K), A is
the latent heat of vaporization (kJ-kg™), p,, is density of water (kg m™), A is the
slope of saturated vapor pressure versus temperature curve (kPa °C™), 7 is the
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psychrometer constant (kPa °C™"), 7, is the surface resistance (s-m™) and 7, is the
aerodynamic resistance (s-m™). The latter is calculated with a logarithmic
function for wind speed:

lnz[zr‘?f_dj
z
po=—— o 7 (5.4)

‘ k*u
where the wind speed (m-s™), u, is given at the reference height, z,.r (m), k is von
Karman’s constant, d is the displacement height (m) and z, (m) is the roughness
length. Displacement height and roughness length estimated as fractions of plant
height. Surface resistance, on the other hand, is calculated differently for the soil
and the plant. The soil surface resistance, 7y, is estimated as:

re =t (v, -1,) (5.5)

where 7,2 (s-m™) and r,, (s-m™) are empirical coefficients and ¥, (cm) is the
water tension at the soil surface. Plant surface resistance for the canopy, 7 (s-m’
1, is calculated as the inverse of the leaf area index of the plant, multiplied by the

stomatal conductance, g, The latter is estimated with the Lohammar equation
(Lohammar et al., 1980; Lindroth, 1985):

Ris gmax
&= F (e.—¢) (5.6)
is gris 1+ s a
gvpd

where R is the incoming short-wave solar radiation, and g, (MJ m'2), Gmax (M'S”
", and gwa (Pa), are empirical parameters. Transpiration (mm-d™), E,, 1s reduced
by a factor f(¥(z)) if the soil water tension in the root zone drops below a critical
value, Y., according to:

2))=| L . 5.7
F(vo)-[ 1)

where ¥ is the soil water tension, z is soil depth, and p; (I day™) and p, (kg m™
day™) are empirical parameters. If water uptake is reduced from one specific soil
layer, while other layers have a surplus of water, a compensatory uptake to meet
part of the remaining demand for water will occur, as determined by the root
flexibility degree. Finally, vertical drainage from the simulated soil profile of 2 m
depth to lower soil layers is assumed to equal the unsaturated hydraulic
conductivity at that soil depth.

Water flow was calculated using Darcy's law, modified by Richards (1931) to
apply for unsaturated flow, and the law of mass conservation as:

P— (ﬂ_t/f _ j
oz (5.8)
where k,, (m-d™), is the unsaturated hydraulic conductivity, ¥ is the water tension

and z (m) is depth.



Conservation Tillage for Smallholder farmers in Semi arid Ethiopia 58

Table 5.1. Parameters used in the coupmodel.

Property Value Unit Source
Surface pool coverage, pu.x 0.3 - estimated from  field
observations
Reference height, z,.r 2 m measured
Displacement, height factor, 0.66 - model default
Ja
Roughness length, height 0.1 - model default
factor, f29
Soil  surface  resistance 10 sm’! Rockstrom et al., 1998
coefficient 1, ry,
Soil  surface  resistance 100 sm’! Rockstrom et al., 1998
coefficient 2, ry»
Canopy conductance max, 0.02 ms’ Nederhoff and de Graaf,
Snax 1993; Rockstrom et al.,
1998
Canopy conductance RIS, 5 MJ m™ Heidmann et al., 2000
gris
Canopy conductance VPD, 1300 Pa Heidmann et al., 2000
gvpd
Critical ~threshold water -400" cm water Values normally range
uptake, ¥. from -100 to —3000 cm
water.
Water uptake reduction 0.3 1 day™! model default
coefficient 1, p;
Water uptake reduction 0.1 kg m? model default
coefficient, p, day!
Root flexibility degree, f,,; 0.6 - model default
Leaf area index, 4; 0-1.6%* m?>m> measured
/ 0-
1.9/0-
1.7
Plant height, H, 0-1.8** m measured
/ 0-
1.9/0-
1.9
Root depth, z, 0-1 m measured
Extinction coefficient, &, 046 / - Kiniry et al., 2004
0.35
Plant albedo, a,, 25 % Oke, 1987; Gustafsson,
2002
Maximum surface coverage, 0.75 m’ m” estimated from
Demax photographs
Surface coverage rate, p.x 10 - estimated from
photographs

* A high value was chosen to represent a sandy loam soil.
**values for three treatments (CONV/STS/ST)
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Daily climate data from a nearby climate station on air temperature, wind speed,
duration of bright sunshine, relative humidity and precipitation for 2003-2005
have been used in the simulations. Precipitation has been modified for each
treatment by subtracting runoff from the total amounts. The model has been
parameterised based on field observations or literature values (Table 5.1). If
neither of these were available, model default values were chosen. Soil texture
data of a sandy loam soil measured in-situ was used to describe the soil in the
simulations. Simulations were run from planting to harvest for each of the three
seasons and for all treatments included in the study.

Conceptual model

A simple conceptual model (Figure 5.2) was also used to estimate the various
components of the total evaporation (soil evaporation, transpiration and
interception) and deep percolation. The model assumes that a certain proportion
of the precipitation is intercepted by the canopy and soil surface, which is fed
back to the atmosphere within the same day before it is partitioned between
infiltration and surface runoff (Savenije, 2004).

A threshold D of 4 mm-d™' was assumed for interception, resulting in the simple
threshold function:

I =min(P,D) (5.9)

where 7 (mm-d™) is the evaporation from interception. The change in soil water
storage was calculated using the water balance equation:
ds
d_:P—I—QS—T—ES—R (5.10)

t
where dS/d¢ (mm-d™) is the change in storage of water over the root depth (top
Im), P (mm-d") is the precipitation, / is interception, O, (mm-d™') is surface
runoff, 7 (mm-d) is transpiration by the plant, E; (mm-d™) is evaporation from
the soil and R (mm-d™") is deep percolation below Im.

When there is no limitation in soil moisture, plant transpiration is assumed to be
related to the leaf area index, 1,4, (m*m™) the crop parameter, K., that also takes
care of the pan coefficient, the pan evaporation, Ep (mm-d), and 1. Accordingly,

T, =1, max(K.E, —1,0) (5.11)

where T, is the non-moisture-constrained transpiration. A value of 0.55 was
assigned for K. However, when the soil water storage in the root zone, S, is
below a certain value related to field capacity, Sgrc, transpiration is reduced to a
level determined by the curve that relates the ratio of actual transpiration to
potential transpiration, 7 /T,, with soil water storage, S (Figure 5.3).

The slope of the curve, K, is given by:
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1

K =
(l - p)(SFC - SW)
where (1-p) is the fraction of soil water available to the crop (Src-Sy) (mm-m™)

in which transpiration is limited by moisture stress (Savenije, 1997). The ratio,
T/To, is, therefore, given by:

T/T,=K(S-5,) (5.13)

(5.12)

Combining equations 5.11 to 5.13 yields,

T:ILAmaX(KCEp—I,O)ma){min((l f(;SW 3 ),IJ,O} (5.14)
—P)Opc ~ Oy

Soil evaporation, Es, is calculated using a similar concept as that of transpiration
(Figure 5.4). The canopy cover will affect Es and hence the area left uncovered
expressed as (1-1.4Cc), is incorporated in the equation with the correction factor,
C¢, to take account of leaf overlaps.

Thus, equation 5.14 can be modified into:

E; =max((1-1,,C. YK E, —I),0)max| min 5 ilo (5.15)
(1 - F)SFC

Water below the root depth is considered to be drainage, R, which is expressed
as:

R =K, max(S—(1- p)S,.)0) (5.16)

where Kz is a parameter that takes account of the share of deep percolation from
storage in the root zone.

The change in storage is calculated using Equation 5.10. Subsequently, measured
soil moisture content is compared with the simulated values to evaluate the
accuracy of the simulations.
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Root zone
(1m)

:

Figure 5.2. Conceptual model for rainfall partitioning in maize

5.1.7 Water productivity
Water productivity was calculated as the ratio of grain yield to total rainfall, total

evaporation and transpiration using the formulae:

W, = % (5.17(a))
Y

Wegr = m (5.17(b))

Wog == (5.17(0))

where Wp , Wpgr and Wpr are water productivity in kg—rn'3 for total rainfall, total
evaporation (the sum of soil evaporation, plant transpiration and interception)
and plant transpiration, respectively, Y is grain yield in kg-ha'-season™, P is
rainfall in mm-season™.
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T/To

(1-p) (Sec-Sw) ‘ S

Sw SFC

Figure 5.3. Ratio of actual and maximum plant transpiration (7/70) as affected by
soil moisture. 7: Actual plant transpiration, 7o: Maximum plant transpiration
when there is no limitation due to moisture stress, Sy: Wilting point, Src: Soil
moisture at field capacity and (1-p)(Src-Sw): proportion of plant available water
during which T is less than 7o.

A

1-

Es/Eso

s 0 s

Skc

Figure 5.4. Ratio of actual and maximum soil evaporation (Es/Eso) as affected by
soil moisture. Es: Actual soil evaporation, Eso: Maximum soil evaporation when
there is no limitation due to moisture stress, Sgc: Soil moisture at field capacity
and (1-7) Sgc: proportion of soil moisture during which Eg is less than Eso.
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Table 5.2. Parameters used in the conceptual model

Property Value Unit Source
Crop coefficient, K¢ | 0.55

Moisture content at | 17 % Measured
field capacity, Src

Moisture content at | 9 % Measured
wilting point, Sy

p 0.4 Assumed
r 0.3 Assumed
Interception 4 mm-d”' Assumed
threshold, /p

Leaf overlap factor, | 0.9 Field observation
Cc

Soil evaporation 0.5 Assumed
coefficient, K

Drainage 0.03 Assumed
coefficient, Rc

5.1.8 Grainyield

The crop was harvested leaving out one meter from each end and one row from
each side of the plot. The total weight of above ground biomass was measured
using a stationary balance of 20 kg capacity in the field. The cobs were carefully
removed and shelled by hand and weighed. Moisture content of the grain was
determined by drying in an oven at 70°C for 24 hours and grain yields were
adjusted to a moisture content of 15.5%. Statistical analysis on the data was
carried out using the SAS software (SAS Institute Inc., 1999).

5.1.9 Soil physical and chemical properties

Soil organic carbon (SOC), bulk density (BD), and total nitrogen (TN) and pH
were measured before the experiment was started in May 2003. Samples were
taken from the 0-0.15 m layer at 9 randomly selected points in the experimental
field. Another 9 samples were collected up to a depth of 1.2 m from the same
fields for textural analysis. At the end of the experiment, in November 2005, the
same properties were measured from three randomly selected spots in each plot,
after the crop was harvested.

The analyses were conducted according to the procedures outlined in Van
Reeuwijk (1993). The particle size distribution (sand, 0.05 — 2.00 mm; silt, 0.002
— 0.05 mm; and clay, < 0.002 mm) was determined by the hydrometer method
after organic matter removal. SOC was determined by the Walkley-Black method
while TN was determined by the wet-oxidation procedure of the Kjeldahl
method. The soils were classified according to the World Reference Base for Soil
Resources (ISSS-ISRIC-FAO, 1998).
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Table 5.3. Physical and chemical properties of soils at the initiation of the
experiment at Melkawoba.

Soil texture Sand Silt Clay
(Particle size distribution in %) 64 25 11
Bulk density (gm cm™ 1.36

Organic carbon (%) 0.65

Total Nitrogen (%) 0.08

5.1.10 Financial analysis

An economic evaluation of the different tillage systems was made using the costs
of tillage and weeding in each operation, and the gains from grain and stock
calculated on basis of current market prices. Costs that were the same for all the
tillage systems were not included.

The costs of implement use were calculated based on the current prices of the
implements that are on sale while estimates were given to those not yet in the
market (Table 5.11). Service lives were estimated for each tillage implement
after consulting farmers as to how long the implements lasted in their respective
areas while the time required for each operation were obtained from field
measurements. The time required to complete the different operations in
combination with data on service life was used to calculate the respective cost of
implement use. In calculating the cost of implements, it is assumed that long-
term credit will be made available to farmers by the government and hence no
account of opportunity costs was made. Moreover, inflation has been ignored.

The costs of operation were calculated based on labor hiring rates of 8 Birr-day™
(1 USD=8.7 Birr) and oxen hiring rate of 30 Birr-day'. Financial analyses were
made by using the sum of costs of implement use, tillage operation and weeding
as total expense and sales from maize grain and stocks as revenues. The price of
maize grain was assumed to be 1.25 Birr-kg” while that of maize stock was
assumed to be 0.25 Birr-kg™.

5.1.11 Participatory approach

Farmers were involved throughout the research period. At the beginning,
workshops were held to introduce the concept of conservation tillage to farmers
both at Melkawoba and Wulinchity. The treatments were proposed to farmers
and amendments were made following their comments. The farmers were also
encouraged to visit the experimental plots, to make observations and follow-up
on the performance of the trial crops. In the following years, similar workshops
were held to discuss the results of the previous year and to plan for the coming
season.
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5.2 Results and discussion
5.2.1 Water balance

Regression analysis of data on rainfall and surface runoff yielded the
relationships shown in Equations 5.18-5.20. The figures in the bracket were used
as thresholds to calculate the net rainfall.

Osiconyy = 0.20(P=6.5)

(5.18)
R*=0.7

Where Qs is surface runoff in mm-d™' and P is rainfall in mm-d™".

Os(s75) = 0.09(P-5)

(5.19)
R*=0.5

Ossry =0.13(P—6.5)

(5.20)
R*=0.6

Figure 5.5 shows the relationship between net rainfall and surface runoff.

¢ CONV

[ STS

ST

— — Linear
(CONV)

Surface runoff (mm/d

= = = =Linear
(STS)
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(ST

40

Net rainfall (P et , mm/d)

Figure 5.5. Surface runoff as affected by tillage systems (Melkawoba, 2005).

Pyer is obtained after subtracting runoff threshold of each treatment from the
total rainfall.

Surface runoff in CONV was the highest, probably because the loose soil did not
resist the movement of water. We observed some rills in this treatment. On the
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other hand, the unplowed parts of the STS/ST treatments may have retarded the
movement of water. Cross-plowing with the Maresha plow could also have
increased surface runoff. Moreover, the subsoiled plots should have experienced
more infiltration resulting in the lowest surface runoff. With reductions in surface
runoff and hence possibly reduction in soil erosion, it is expected that the
STS/ST treatments will have added benefits in the long term.

Model outputs

Tables 5.4 and 5.5 show the model outputs on water balance components. Table
5.4 shows outputs from the CoupModel. The rainfall has been adjusted after
adding the runoft to the through fall values used in the model. The model initially
used observed data on surface runoff but added extrapolated values for the dates
between 27" of June (date when the CoupModel started the calculations) and 14™
of July (date when the conceptual model started calculations) and when actual
readings on surface runoff began. As it can be seen in Tables 5.4 and 5.5, the
differences in rainfall given by the two models are large but the differences in
surface runoff are negligible. This could be because the extrapolated runoff
values were very small due to small rainfall readings recorded on several days
between the 27" of June and 14™ of July thus failing to generate significant
amount of surface runoff. All other components of the water balance were
outputs of the models.

Table 5.4. Effect of tillage treatments on water balance (mm-season'")) at
Melkawoba, 2005 and grain yield (Results from Coupmodel).

Treatment | P Os|I |T Es |R |AS |T/P | Qs/P | (I+Es)
/P
CONV 398 {40 |0 244 [ 133 |0 |-21 [0.61 |0.10 |O0.67
STS 398 |17 |0 272 | 126 |0 |[-17 [0.68 |0.04 |0.63
ST 398 {25 |0 258 [ 131 |0 |-17 [0.65 ]0.06 |0.66

Soil evaporation, transpiration and drainage: Model outputs, from both
CoupModel and the conceptual model, show that STS has the highest
transpiration to precipitation ratio followed by ST (See Figure 5.9 and Table 5.5).
This is because of reduced surface runoff which makes more water available in
the root zone. The ratio of the non-productive evaporation (/+E;) to the
precipitation is also the lowest in STS followed by ST.

7 . . .
Season refers to period between sowing and harvesting.
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Figure 5.6 (a). Measured and simulated soil moisture over the root zone (0-1m)
in CONV (Melkawoba, 2005)
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Figure 5.6(b). Measured and simulated soil moisture over the root zone (0-1m) in
STS (Melkawoba, 2005)
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Figure 5.6(c). Measured and simulated soil moisture over the root zone (0-1m) in
ST. (Melkawoba, 2005)

Table 5.5. Effect of tillage systems on water balance (mm-season™®)) at
Melkawoba, 2005. (Results from conceptual model).

Treatment P Os 1 T Es R AS T/P  Qs/P (I+Es)/P
CONV 355 40 100 158 39 56 -37 044 0.11 0.39
STS 355 17 100 196 25 54 -36 055 0.05 035
ST 355 25 100 178 31 57 -36 0.50 0.07 0.37

The hydrology of the unsaturated zone: Flow in the unsaturated zone is the sum
of matrix, diffusion and preferential flows. In the CoupModel, only matrix flow
is considered. As it can be seen in Figure 5.6, the conceptual model outputs gave
better simulations than the CoupModel. This is because the general description of
the unsaturated zone as a continuous matrix does not hold in the semi-arid
tropics. As a result a complex model based on the full Richards equation
performs worse than a simple conceptual model. The dominant infiltration
mechanism in the unsaturated zone has been identified to be preferential flow
(Gjettermann et al., 1997; McGlynn et al., 2002) especially in dry situations with
erratic rainfall (Ritsema and Dekker, 2000). In the sandy loam soil where the
experiments were carried out, preferential flows likely occurred through dead
plant roots (Perillo et al., 1999) that are less disturbed by the rather shallow
tillage (Petersena et al., 2001) with animal traction. In the simple conceptual
model, the one layer approach averaged the preferential flow effect and thus the

8 . . .
Season refers to period between seedling emergence and harvesting.
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model output is better comparable with field measurements. Figure 5.7 is an
illustration of a preferential flow system.

Table 5.6. Effect of tillage system on grain yield of maize (kg-ha™).

Treatments Melkawoba Waulinchity
2003 2004  2005° 2005 Mean 2003 2004 Mean
CONV 1390 1070 2100 1720 1570 1170 1610 1390

STS 1430 920 1650 2130 1530 1200 1480 1340
ST 1520 1010 2000 1840 1590 1170 1600 1380
NS NS NS NS NS NS
Rainfall =00 497 688 688 786 580
(mm-yr™)
Access tube —= Active channels
Plowed\ Less active pocket

layer |

AR

I

Figure 5.7 Preferential flow occurring primarily through active channels.
Moisture redistributes in the less active pockets at a later stage.

Infiltration takes place rapidly along the active channels and then starts
redistributing horizontally to the less active pockets. This phenomenon can also
be observed in the TDR readings. The curves in Figure 5.8 represent different
dates during which TDR readings were taken. On July 22™ (26 days after
planting), the soil was relatively dry after 5 days of dry spells. Following a 24

9 . . . . .
Medium maturing maize variety, Limat
10 . . . .

Early maturing maize variety, Katumani
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mm rainfall event, the moisture in the upper layer (0-20 cm) increased from 12.6
to 15.5% while in the other layers it remained unchanged. The effect of
redistribution of moisture from the active channels to the less active pockets took
place 3-4 days later as seen on 27-July. This explains why the measured soil
moisture was less than the predicted on July 25. On July 29, after two days of dry
spell, we find uniform soil moisture obviously due to the fact that drying takes
place uniformly. The drying process has been simulated better by the conceptual
model (Figure 5.6).

5.2.2 Grainyield

Monthly rainfall distribution over the experimental seasons is shown in Figure
5.10. Generally 2004 was a relatively dry season whereas the distribution and the
amount of rainfall in 2005 were better than those in the other two seasons. The
grain yields increased with the amount and distribution of rainfall. The results are
shown in Table 5.6. The differences in grain yield among the different tillage
systems are not statistically significant.

Infiltration and redistribution of soil moisture over
the root depth

20
~ 15 A —o—224ul
g 10 —-—25-j-ul
®) —a— 27-jul
= 5 29-ul
0
0-20 20-40 40-60 60-80 80-100

Layers (cm)

Figure 5.8 . Infiltration and redistribution of soil moisture computed over the root
depth (0-1 m) as affected by rainfall and dry spells. 22-Jul: after 5 dry days; 25
July after 24 mm; 27-Jul a dry day followed by 12 mm rainfall; 29 Jul after 2 dry
days.

It is interesting to note that in the year 2005, the results were in favor of
conventional tillage for medium maturing maize variety while the conservation
tillage treatments gave higher yields for the early maturing maize variety. For the
medium maturing maize variety, participating farmers commented that the soil in
STS/ST treatments lost more moisture because of higher soil evaporation than in
CONV. This was because the time between the date of the last tillage in STS/ST
and planting (DTP) was longer (48 days), in the case of the medium maturing
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variety, while DTP was 6 days in the case of the early maturing variety (Figure
5.11). Reasons for delayed planting are described in Chapter 3 Section 3.3.2.

The effect of higher DTP could be higher loss of soil moisture due to
transpiration by weeds as the latter were not controlled, more soil evaporation
and more compaction by rainfall during the extended periods that reduced
infiltration of subsequent rainfall. Motavalli et al (2003) reported that re-
compaction of loosened subsoil due to deep tillage may be relatively rapid,
thereby limiting its effectiveness over time. Figure 5.11 also reveals that STS
was more sensitive to DTP than ST. This could be because of higher infiltration
followed by higher soil evaporation in STS due to the effect of subsoiling.
Similar trends were also observed in the results of the previous years. In 2003,
DTP was 26 and 23 days at Melkawoba and Wulinchity, respectively, while in
2004 there was a 59 and 56 days gap at Melkawoba and Wulinchity, respectively,
which could have lowered grain yield from ST/STS relative to CONV in 2004 as
compared to that of 2003.

0.60

0.55

0.50 -

O CONV
0.45 - | STS
| STS

0.40 41—

0.35 1

0.30

TP (+Es)IP  (I+Q+Es)/P

Flux ratio

Figure 5.9 Ratio of productive (transpiration), non productive (interception, soil
evaporation) and runoff to total precipitation as affected by tillage systems.
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Figure 5.10. Monthly rainfall at Melkawoba during the experimental years.

When comparing the two situations with extended DTP of 48 and 59 days, we
find that the effect of the gap was higher when DTP was 48 days than when it
was 59 days (Figure 5.11). This could be because of differences in the amount of
rainfall received during the two gaps. The rainfall received during the gaps was
105 mm in 2005 and 65 mm in 2004. Higher cumulative rainfall in the 48 days
gap could have caused more compaction (Ndiaye et al, 2005) and more
evaporation. The grain yields are also higher in 2005 than in 2004.

The results indicate that in future studies, it may be necessary to cultivate the
planting lines in STS/ST treatments at a shallow depth using the Sweep (Chapter

4) in situations where longer periods between tillage

Table 5.7. Effect of fertilization on grain yield of maize.

Treatment Melkawoba Waulinchity
2003 2004 2003 2004
Fertilized 1479 1146 1317 1668
Un fertilized 1408 860 1040 1461
NS P>90% P>95% P>95%

Fertilizer x Tillage NS NS NS
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commencement and planting cause soil compaction by rainfall. The Sweep could
help in controlling weeds thereby reducing weed transpiration while at the same
time breaking crust for increased infiltration and sealing vertical channels for
reduced evaporation, without exposing the lower moist soil layers. Moreover, the
option of late subsoiling such as one week before planting or after planting
should be tested.

s 300
|_ ~
g 2009 . s STS
E 100 =2 =
8E  0f K ST

— M ~ -
£ 2 100 | .. o=
@ 2 -200 b
3 8 -300 S . = = = .Linear
5 . (STS)
£ 400 -
2 -500 - Linear
> -600 ‘ ‘ ‘ (5T)

0 20 40 60 80

Days between last tillage and planting (DTP)

Figure 5.11 Performance of conservation tillage systems in relation to days
between last tillage and planting (DTP)

Table 5.8. Effect of closing furrows in STS/ST on grain and biomass of
medium maturing maize (Melkawoba, 2005)

Treatment Grain yield Biomass
(kg-ha™) (kg-ha™)
Open STS 993 (¢) 3576 (¢)
Open ST 1250 (be) 4347 (be)
Closed STS 1332 (ab) 4875 (ab)
Closed ST 1587 (a) 5750 (a)

Means followed by the same letter are not statistically different

Closing planting furrows in STS/ST treatments showed significantly higher grain
yield compared to leaving them open (Table 5.8). The reason could be higher
loss of moisture in the open furrows over the planting zone. Open furrows could
reduce surface runoff during heavy storms by acting as barriers to downward
movement of water but during dry spells they can cause higher soil evaporation.

During 2003 and 2004, fertilizer was applied in split plots. Although the effect of
fertilizer was significant in both years and locations except in 2003 at
Melkawoba, low soil moisture in the study areas could be the reason for the
rather little response to fertilization. There was no interaction between tillage
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system and fertilization again probably because the new tillage systems did not
make appreciable changes in soil moisture during 2003 and 2004 as explained
earlier.

5.2.3 Water productivity

In a broad sense, productivity of water refers to the benefits derived from a use of
water. Water productivity is dependent on several factors including crop genetic
material, water management practices, agronomic practices, and the economic
and policy incentives to produce (Kijne et al., 2003).

Water use and management in agriculture cross many scales: crops, fields, farms,
delivery systems, basins, nations and the globe. Working with crops, we think of
physiologic processes: photosynthesis, nutrient uptake and water stress. At a field
scale, processes of interest are different: nutrient application, water-conserving
soil-tillage practices, etc.

Considering the banner of “more crop per drop” or “producing more with less
water” we find that different people define the word ‘drop’ in different ways such
as more kilograms per unit of transpiration by breeders and more kilograms per
unit of rain water by agronomists and agricultural engineers. In addition to
selecting crops and crop varieties that produce more with less water, farmers in
rain-fed arid areas are concerned with capturing and doing the most with limited
rainfall. By capturing we refer to proper partitioning of rainfall into useful
components such as infiltration as opposed to surface runoff. One may argue here
that surface runoff can be used by downstream users. However, surface runoff
occurs during the rainy season at a time when there is sufficient rainfall and
hence downstream users benefit less from the surface runoff. Moreover, in
addition to losses of soil and nutrients by the farmer, the negative effect of
surface runoff extends to polluting rivers and silting dams. On the other hand,
infiltrated water is further divided between transpiration and drainage. The
drainage component contributes to the downstream flow with much slower speed
than surface runoff thereby contributing to downstream flow at a time when there
is water scarcity such as during the dry season.

Coming to the objectives of conservation tillage, which is minimizing surface
runoff by maximizing infiltration, the best way of evaluating the contribution of
newly introduced conservation tillage systems would be to look at what
proportion of the rainwater has been used for crop production. In other words, in
calculating water productivity from the point of view of conservation tillage the
denominator should be the total amount of rainwater that was partitioned
between surface runoff and infiltration. A tillage system that resulted in more
infiltration will show higher water productivity since it has made it possible to
use higher proportion of rainwater for crop production.

Accordingly, Table 5.9 reveals that in the year 2005, when we had better
performance of the conservation tillage treatments particularly, STS, we find that
water productivity for total rainfall (Wpp) showed the highest value for STS thus
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reflecting on the performance of the tillage system. As explained above, this may
have stemmed from the fact that STS had the least surface runoff, which means
more of the rain water was used for crop production. It is evident from Table 5.9
that water productivity for transpiration (Wpr) did not show appreciable
differences among the treatments. Had we compared different crops or crop
varieties we could have found significant differences in Wpr because for the same
amount of transpired water, different crops or different crop varieties would give
different grain yields. However, water productivity for total amount of
evaporation (Wpgr) appeared to be a better way of assessing water productivity
than transpiration alone. This could be because of vapor shift (Rockstrom, 2003),
which reduces soil evaporation as biomass production increases in water
conserving treatments as a result of reduction in surface runoff. The increased
Wper as a result of the vapor shift leads to a more efficient use of the depleted
(evaporated) water in STS than in CONV. This will have a positive contribution
to the water productivity on both the catchments and basin scales.

Table 59 Water productivity (kg grain m®)as affected by tillage
systems in maize

Melkawoba 2005
Treatment  Wpr Weer Wpp
CONV 1.09 0.58 0.48
STS 1.09 0.67 0.60
ST 1.04 0.60 0.52

5.2.4 Soil properties

Tillage treatments did not significantly alter soil physical and chemical properties
after a period of three years (Table 5.10). According to some literature, the SOC
and TN contents of soils take longer (>5 years) to respond to reduced tillage
(West and Post, 2002; Heenan et al., 2004) while others reported significant
changes in shorter periods of two to three years (Su et al, 2004; Ozpinar and
Cay, 2006). Although, statistically non significant, there is a tendency for
improvement in SOC and TN. The increase in SOC and TN in the less plowed
soils could be due to the decreased mineralization rate of soil organic matter
(Ozpinar and Cay, 2006). High temperatures in the study area (average maximum
31°C and minimum 15°C) could cause high oxidation of organic carbon (Clark
and Gilmour, 1983).

Table 5.10. Effect of tillage systems on soil physical and chemical properties

Total Bulk pH in
Nitrogen Organic density H,O
Treatment (%) Carbon (%) (gm cm™)
CONV 0.074 0.62 1.35 8.18
STS 0.082 0.62 1.38 8.25
ST 0.079 0.64 1.39 8.23

NS NS NS NS
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5.2.5 Financial analysis

The financial analysis results (Tables 5.11-5.13) showed that ST was superior to
both CONV and STS. Conservation tillage systems save labor and traction needs
for tillage although there are additional costs in weeding. However, the net result
was in favor of the strip tillage system because weeding operation is cheaper (8
Birr-day™) than tillage operation (30 Birr-day™'). STS had the least return because
of the added cost of subsoiling and lesser grain yield when the time gap between
tillage and planting was extended which resulted in delayed seedling emergence.
However, with proper timing of the subsoiling operation, STS can be the most
profitable tillage system considering the effect of disrupting the plow pan on
infiltration and root growth. Moreover, local fabrication of the tool can reduce
the price of the Subsoiler further improving its profitability.

5.2.6 Lessons from Participatory research

Involving farmers in research is a useful technique because they not only advise
the researcher about important conditions specific to the area where a particular
research is going to be undertaken, but they also follow the trials with curiosity.
They tend to adopt research results more readily if they are involved in the
research from the beginning. It is important to make farmers aware of the
objectives and methodologies of the research so that they fully understand what
is going on in their farms and can also protect the experimental plots.

Table 5.11 Cost of implements use

Service
Operation Price life Unit time Cost

(Birr) (hrs) (hr-ha"-operation™)  (Birr-ha-"-operation™)

Melkawoba Wulinchity Melkawoba Waulinchity

Mm!! 25 200 22.67 27.1 2.83 3.39
R 25 200 13.5 15.6 1.69 1.95
S 30 200 9.6 11.8 1.44 1.77

At the beginning, the author faced some problems when working in some of the
fields the owners of which were not fully acquainted with the research objectives
and methodologies. Those farmers did not care even when the pegs were pulled
out by children. Others thought that the researcher was a private investor who
would take their lands and displace them. They were surprised to find out later
that the researcher was only interested in numbers when they see their grains

"M means full tillage with Maresha, R means two passes with Maresha at 75
cm and S means single operation with the Subsoiler
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returned to them after weighing. Once they were made aware of the activities
taking place, not only they guarded the fields but they also tipped the researcher
with some useful information about the behavior of the crops under the different
treatments that were being evaluated. The farmers became more and more
enthusiastic about the research and eager to know the outcomes. At the end of the
research season more farmers were coming forward to try new techniques with
the researcher.

Table 5.12(a) Financial analysis at Melkawoba (mean values)

Total Net
Treatment  Costs: Birr-ha™ cost Revenue Benefit
(Birr-
Tillage Weeding Implement ha™) (Birr-ha™)
CONV 383 450 3xM 9 842 2546 1705
STS 244 604 R+S 3 851 2482 1630
ST 182 627 R 2 811 2579 1768

Table 5.12 (b) Financial analysis at Melkawoba (Melkawoba 2005)

Treatm Stock Net

ent Total cost Grain yield yield Revenue  Benefit
(Birr-ha!) (kg-ha™) (kg-ha')  (Birr-ha™)

CONV  g42 1847 2748 2996 2154

STS 851 2098 3788 3569 2718

ST 811 1954 4265 3509 2698

Table 5.13 Financial analysis at Wulinchity

Net
Treatment Costs (Birr-ha) Implement  Total cost Revenue Benefit

Tillage Weeding use cost (Birr-ha™)

CONV 437 490 3xM 10 937 2254 1317
STS 266 642 R+S 6 914 2173 1259

ST 201 574 R 5 781 2238 1458
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Farmers normally undertake research in their own way. Over centuries, they have
developed tillage systems that they think were optimum for the situation in which
they operate. Some innovative farmers try new things either by chance or out of
curiosity. If they succeed, they normally pass their experience to neighbors,
friends and relatives. The other farmers also try the new technique and if it is
found better than what they have been practicing, it gets accepted and gradually
adopted by the community. Knowledge is then transferred verbally from parents
to children. Migrating farmers, too, demonstrate their skills in areas where they
settle and if what they introduce is important they earn recognition by the
community. Farmers seldom divide their plots and compare different practices.
But they compare one field with the other. Higher variations in field conditions
and errors in measurements and reporting are compensated by large numbers of
replications both in space and time.

Farmers in many cases believe that they have better understanding of their
environment than extension agents and researchers. However, they are usually
humble when they are approached. They try to please strangers by agreeing to
what the strangers say. In most cases, elder farmers are more resistant to
accepting new practices but once they are convinced they take things seriously.
They are sources of knowledge and can influence the community easily about a
new technology. Although, young farmers readily accept new practices and
technologies they put less challenge to researchers who may be misled and draw
the wrong conclusion that the technology they came with works perfectly in the
area. Moreover, older farmers tend to ridicule technologies that are being adopted
by the younger ones and this can cause a drawback to the adoption of new
technologies. Hence, involvement of a combination of different age groups and
gender can help accelerate participatory research, technology development and
adoption.

5.3 Conclusions

The strip tillage system that involved subsoiling (STS) resulted in the least
surface runoff, highest plant transpiration and highest grain yield followed by the
strip tillage system without subsoiling (ST) when the days between the last
tillage operations in STS/ST and planting (DTP) was 6 days. The reverse
occurred when DTP was longer than 26 days.

A simple conceptual model simulated soil moisture better than a physically based
complex model known as CoupModel, because preferential flows that are
dominant over the root zone were not considered in the CoupModel. It is
recommended that preferential flows be given due consideration when analyzing
the hydrology of the unsaturated zone in semi-arid tropics. Closing furrows in
STS/ST treatments gave significantly higher grain yield apparently because of
reduced soil evaporation. Fertilization had a significant effect on grain yield of
maize except in seasons when there was severe moisture stress problem. Water
productivity for total evaporation and rainfall was the highest in STS showing
efficient use of rainwater by the tested conservation tillage practices.
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Tillage systems had no significant effect on soil physical and chemical properties
after the three years period of the experiment. Financial analysis carried out on
the average yields of the three years showed that ST was the most profitable
tillage system while STS had the highest profitability when the time between the
last tillage operation in STS/ST and planting was less than a week. It is
recommended that additional studies be carried out in order to verify the effects
of time of subsoiling on rainfall partitioning and yields of maize.

Involving farmers in research from trial initiation to implementation and follow
up can improve performance in terms of better understanding of local problems,
quicker development and adoption of technologies. Moreover, farmers become
enthusiastic to try out new ideas and findings with greater possibilities of
adapting technologies to local conditions.






Chapter 6

WATER PRODUCTIVITY OF IMPROVED AND
MINIMUM TILLAGE SYSTEMS FOR TEF
PRODUCTION IN SEMI-ARID ETHIOPIA®?

6.1 Overview

In Ethiopia, tef (Eragrostis tef (Zucc) Trotter) (Figure 6.1) is the staple food for
the majority of the population and covers 32% of the cultivated land (CSA,
1995). It is grown over a wide soil moisture regime because of its relative
resistance to water logging in highland vertisols and to moisture stress in dry
semi-arid areas (Ketema, 1997). Tef is endemic to Ethiopia and its major
diversity is found only in that country. Although, the exact date and location for
the domestication of zef is unknown, there is no doubt that it is a very ancient
crop in Ethiopia where domestication took place more than 2000 years ago
(Ketema, 1997).

Figure 6.1. Eragrostis tef (Zucc.) Trotter. (a) Inflorescence (b) branch of
panicle with floret. (Source: Ketema, 1997)

2 Based on: Temesgen, M., Rockstrom, J., Savenije, H. H. G., Hoogmoed, W. B. Water
Productivity of Improved and Minimum Tillage Systems for tef Production in Semi-arid
Ethiopia. Submitted to Agricultural Water Management.
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Seedbed preparation for tef is often characterized by intensive tillage using the
traditional Maresha plow (Figure 1.4). Seed bed preparation for fef requires 5 to
9 passes with the Maresha plow (Taddele et al., 1993; Teklu and Gezahegn,
2003). In semi-arid areas where rainfall is low, farmers plow the land up to 5
times (see Chapter 3). Repeated tillage causes excessive pulverization leading to
structural damage (Reicosky, 2001; Bezuayehu et al., 2002); it requires too much
traction and time making labor and oxen less productive and it also causes loss of
soil through erosion. One of the reasons for repeated tillage is the presence of
unplowed strips of land between adjacent V-shaped furrows created by the
traditional Maresha plow (Figures 3.2 and 1.5) which also leaves clods that force
farmers to carry out repeated tillage. Moreover, due to the need for cross plowing
with the traditional tillage implement, one of any two consecutive tillage
operations have to be laid along the slope, thereby encouraging surface runoff
and soil erosion. Kruger et al., (1996) estimated that high tillage frequency and
other management problems have caused soil erosion, seriously affecting over
25% of the Ethiopian highland, while over 4% are irreversibly degraded.

Conservation tillage systems are believed to reduce surface runoff and maximize
infiltration thereby making more water available to crop growth (Ahenkorah, et
al., 1995; Chen et al., 1998; Steiner, 1998; Rockstrdom and Jonsson, 1999).
However, most of the conservation tillage systems developed so far involve row
planting either in the form of direct planting (no tillage) or planting along
cultivated lines (strip tillage). Since tef cannot be planted in rows, the
conservation tillage systems developed for row planted crops cannot be directly
applied thus calling for a different approach (IIRR and ACT, 2005).

Past experiments carried out on conservation tillage for fef production largely
involved mere reduction of tillage frequency while using the same traditional
tillage implement, the Maresha plow. A three-year trial conducted to study the
effect of frequency of tillage on tef production at three locations in central
Ethiopia showed that five times plowing with Maresha (the highest frequency)
gave significantly higher grain yield compared to lower tillage frequencies
(Tadele et al., 1999). The authors associated high tillage frequency with the need
for the preparation of fine seed bed and for controlling weeds. Reducing tillage
frequency was also compensated by use of non-selective herbicide to control
weeds. Erkossa et al.,, (2006) conducted experiments on reduced tillage using
herbicides for fef production in the highland vertisols reporting grain yield
advantages of 8% over traditional systems. Extensive demonstrations were
carried out in Ethiopia by the Sasakawa Global 2000 project in collaboration
with the representatives of Monsanto using herbicides to control weeds (Gebre et
al., 2001). They reported promising conservation tillage systems but expressed
concerns on the affordability of external inputs such as herbicides by resource
poor smallholder farmers. Ofori (1993) concluded that the issue of affordability
of herbicides is a major setback to the introduction of no-till system in
smallholder farming system.
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Moreover, in semi-arid areas where the land is normally bare during the dry
season due to little biomass production and dry season feed shortages, surface
runoff can be too high if the soil is left undisturbed. Much of the reported surface
runoff reduction from no-tillage is associated with sufficient ground cover that
protects the soil from rainfall impact thereby reducing compaction, increasing
infiltration and retarding the movement of water by acting as a physical barrier.
Therefore, where soil cover cannot be maintained, carefully designed tillage
system has to be carried out to allow infiltration and to retard the overland
movement of water.

Muliokela et al., (2001) suggested that for resource-poor smallholder farmers in
Africa, alternatives to the use of herbicides in conservation tillage such as the use
of improved implements that are modified forms of existing tillage implements
be sought for. In Ethiopia, a number of tillage implements have been developed
as modifications to the traditional Maresha plow with a view to making them
affordable, light and easy for use by smallholder farmers (See Chapter 4). An
experiment was, therefore, initiated to test different types of tillage systems using
the improved implements with the objective of selecting appropriate conservation
tillage systems that can improve water productivity through increased infiltration,
that can reduce surface runoff and that can reduce tillage frequency.

In this Chapter, the methodologies and results of a three year on-farm experiment
carried out in selected semi-arid regions in Ethiopia on improved tillage systems
for tef production are presented. The study assessed the possibilities to avoid
cross plowing and to reduce surface runoff using conservation tillage systems
specifically developed for tef. Moreover, possibilities of improving grain yield
and water productivity of broadcast crops such as tef with the application of
conservation tillage systems and the question of whether there will be any effect
of different tillage systems on soil physical and chemical properties as well as the
economics of the newly proposed tillage systems were addressed.

6.2  Materials and methods

6.2.1 Experimental site

The experiment was carried-out in 2003, 2004 and 2005 at Melkawoba and 2003
and 2004 at Wulinchity, which are typical dry semi-arid regions located in the
central rift valley of Ethiopia (Figure 1.3). The experimental sites, Melkawoba
and Wulinchity, are fully described in Chapter 3. The same farmers that were
involved in the maize experiment were also involved in the fef experiments.

6.2.2 Treatments
Four different types of treatments have been tested:

1) Conventional tillage (CONV) involved three to four times plowing,
which is the exact copy of farmers’ practice with no limitations in oxen
and labor.

2) Improved tillage with subsoiling (ITS) involved plowing once using the
traditional tillage implement, Maresha, across the slope at the time when
farmers undertake the first tillage. No tillage was performed until 3
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weeks before planting during which the Maresha Modified Plow was
used once perpendicular to the slope followed by subsoiling in the same
direction at a spacing of 0.75 m. At planting, the sweep was used to
control weeds and to incorporate Di-Amonium Phosphate (DAP)
followed by broadcasting of seeds.

3) Minimum tillage (MT) involved making furrows perpendicular to the
slope using the traditional tillage implement, Maresha, at a spacing of
0.75 m followed by subsoiling over the furrows. At planting, the sweep
was used to control weeds followed by broadcasting of seeds.

4) Improved tillage (IT) involved making furrows perpendicular to the slope
using the traditional tillage implement, Maresha, at the time when
farmers undertake the first tillage. No tillage is performed until 3 weeks
before planting during which the Maresha Modified Plow was used once
perpendicular to the slope. At planting, the sweep was used to control
weeds and to incorporate DAP fertilizer followed by broadcasting of
seeds.

Seed rates were 30 kg-ha™! with DAP applied at planting at a rate of 100 kg-
ha™! and Urea applied 35 days after planting at a rate of 50 kg-ha™.

6.2.3. Rainfall partitioning

Rainfall was measured daily at 9:00 am using two rain gauges installed near the
experimental plots. Surface runoff was measured using rectangular troughs
installed at the bottom of each plot (Figure 6.2). The size of the rectangular
troughs was 10 m x 0.4 m x 0.2 m. The troughs were covered with plastic sheets
supported on wooden frames that allow water from one side. Water collected in
the trough was scooped daily at 9:00 am and measured using cans of
predetermined capacity and graduated cylinders. Soil moisture was monitored
using a Time-Domain Reflectometer (TDR) moisture measuring equipment from
Eijkelkamp® and access tubes buried to depths of 1.8 m. Two access tubes were
buried in each plot of treatments 1, 2 and 3 with two replications. Evaporation
from a class A-pan was measured daily at 9:00 am which was used in a
conceptual model developed to simulate rainfall partitioning.

6.2.4 Conceptual model to simulate rainfall partitioning

A conceptual threshold model was used to simulate rainfall partitioning at
Waulinchity. The conceptual model (Figure 6.4) has been developed in the same
way as described in Chapter 5, section 5.2. The difference is mainly the root
depth. Thus, a root depth of 0.6 m has been assumed for fef as opposed to 1 m for
maize. Figures 6.5-6.7 show measured and simulated soil moisture in fef over the
root depth of 0.6 m at Wulinchity in 2004.

6.2.5 Grainyield

Five samples each from 2 m x 2 m area were harvested from each plot for
biomass and grain yield assessment. The sampling areas were located 2 m from
each side of the four corners while the fifth was located at the center of the plot.
Biomass was measured using a stationary balance of 20 kg capacity in the field.
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Threshing was carefully carried out by hand. Grain yield was measured using
sensitive balances. The grain samples were dried in an oven at 70°C for 24 hours
and the weight was adjusted to a moisture content of 15.5%. Water productivity
was calculated following the methods described in Chapter 5. Statistical analysis
was carried out using the SAS software (SAS Institute Inc., 1999).

6.2.6 Grainyield

Five samples each from 2 m x 2 m area were harvested from each plot for
biomass and grain yield assessment. The sampling areas were located 2 m from
each side of the four corners while the fifth was located at the center of the plot.
Biomass was measured using a stationary balance of 20 kg capacity in the field.
Threshing was carefully carried out by hand. Grain yield was measured using
sensitive balances. The grain samples were dried in an oven at 70°C for 24 hours
and the weight was adjusted to a moisture content of 15.5%. Water productivity
was calculated following the methods described in Chapter 5. Statistical analysis
was carried out using the SAS software (SAS Institute Inc., 1999).

6.2.7 Soil physical and chemical properties
The methods used for the determination of soil physical and chemical properties
are the same as those described in Chapter 5.

6.2.8 Financial analysis

Economic evaluation of the different tillage systems was made using the costs of
tillage and weeding in each operation, and the gains from grain and biomass
yield calculated based on current market prices. Costs that were the same for all
the tillage systems were not included. The costs of implement use were
calculated based on the current prices of the implements that are on sale while
estimates were given to those not yet in the market (Table 6.7). Service lives
were estimated for each tillage implement after consulting farmers as to how
long the implements lasted in their respective areas while the time required for
each operation were obtained from field measurements. The time required to
complete the different operations was used to calculate the respective cost of
implement use.

The costs of operation were calculated based on labor hiring rates of 8 Birr per
day (1USD=8.7 Birr) and oxen hiring rate of 30 Birr-day™'. Financial analyses
were made by using the sum of costs of implement use, tillage operation and
weeding as total expense and sales from fef grain and straw as revenues. The
price of fef grain was assumed to be 3 Birr-kg” while that of tef straw was
assumed to be 0.3 Birr-kg™.

6.3 Results and discussion

6.3.1 Rainfall partitioning

Runoff: runoff (Qs) was the highest (48 mm-season™) in the minimum tillage
(MT) while it was the least (23 mm-season™) in the improved tillage system with
subsoiling (ITS). Conventional tillage (CONV) resulted in a higher runoff (34
mm-season™") than ITS (Table 6.3).
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Figure 6.2. Runoff collecting trough installed at the bottom of a 10 m x 10 m
plot.

Root zone
(0.6m)

b

Figure 6.4. Conceptual model showing rainfall partitioning for tef crop. P:
precipitation, Qs : surface runoff, /: Interception, 7: transpiration, Es: Soil
evaporation, R: Drainage
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Table 6.1. Parameters used in the conceptual model

Property Value Unit
Crop coefficient, K¢ 0.55

Moisture content at 19 %
field capacity, Src

Moisture content at 10 %
wilting point, Sy

p 0.4 -

r 0.3 -
Interception threshold, | 4 mm-d’'
Ip

Leaf overlap factor, Cc | 0.95 -
Soil evaporation 0.5 -
coefficient, K

Drainage coefficient, 0.04 -

Rc

Table 6.2. Physical and chemical properties of soils at the initiation of the
experiment at Melkawoba.

Soil texture Sand Silt Clay
(Particle size distribution in %) 54 32 14
Bulk density (gm cm™ 1.35

Organic carbon (%) 0.85

Total Nitrogen (%) 0.10

Regression analysis of data on rainfall and runoff yielded the relationships shown
in Equations 6.1-6.3.

QS(CONV) = 0-12(P_6)
R*=0.88

(6.1)

Where Qs is surface runoff in mm-d™' and P is daily rainfall in mm-d™'.

Osirs) = 0.08(P—7)
R*=0.9

(6.2)

Osury =0.16(P=5)
R*=0.85

(6.3)
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The figures in the bracket were used as thresholds to calculate the net rainfall,

Pyer. The relationship between Pyzr and QOsis shown in Figure 6.3.
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Figure 6.3. Surface runoff from tef fields as a function of net rainfall under
different tillage systems. Net rainfall was obtained after subtracting runoff
threshold for each treatment.

MT resulted in the highest surface runoff because there was no sufficient soil
cover in the form of crop residues or cover crops and the soil was compacted by
rainfall leading to lower rates of infiltration. Similar results were observed in
other studies (Ajuwon, 1983; Roth et al., 1988; Smith et al., 1992; Bradford and
Huang, 1994; Omer and Elamin, 1997). No-tillage has to be accompanied by soil
cover that can protect the soil from the impacts of rainfall. Soil cover, either in
the form of crop residues or cover crops grown during off-season, can also act as
barriers to the movement of water thereby reducing runoff.

ITS resulted in the least runoff because:

1. Cross-plowing was avoided. Conventional tillage involves cross-plowing
in order to disturb unplowed strips of land left by the traditional
Maresha plow, which encourages surface runoff and erosion (Ndiaye e?
al., 2005). The use of the traditional Maresha plow across the slope,
during the first tillage, followed by plowing along the same direction
with the Modified Maresha Plow (MMP), could be the main reason for
reduced surface runoff in ITS.

2. Deeper penetration by MMP (Chapter 4) could have contributed to more
infiltration.
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3. Subsoiling carried out immediately after the use of MMP could have
disrupted the plow pan (Chapter 4) resulting in increased infiltration
(Sojka et al., 1993).

Table 6.3. Effect of tillage systems on rainfall partitioning (mm-season™'¥) in tef
at Wulinchity, 2004.

Treatment P Os 1 T Es R S (T+R)/P  Qs/P  (I+Es)/P
CONV 431 34 101 49 126 228 -100 0.64 0.08 0.53
ITS 431 23 101 53 124 262 -124 0.73 0.05 0.52
MT 431 48 101 32 141 201 -86 0.54 0.11 0.56

P: precipitation, Qs : surface runoff, /: Interception, 7% transpiration, Eg: Soil
evaporation, R: Drainage, AS: Change in water storage over the root zone.

Transpiration: Transpiration (7) was the highest in ITS apparently because more
water was available in the root zone. Since transpiration is the useful component
of rainfall, ITS, is the most preferred tillage system in making more water
available to the crop.

Drainage: Drainage (R) was the highest in ITS. This could be because of
increased infiltration. Higher drainage resulting from reduced surface runoff is
preferable. In addition to conserving soil and nutrients that are washed away with
surface runoff, evening of stream discharge by reducing flows during the rainy
season and increasing the same later during the dry season can benefit
downstream users. Besides, silting problems can be reduced. Table 6.3 also
shows highest ratio of the useful components (7 + R) to total rainfall (P) in ITS
and the least ratio of surface runoff, Qs, to P and the total unproductive
evaporation (/+Es) to P.

6.3.2 Water productivity

Results on water productivity are shown in Table 6.5. As in the case of maize
(Chapter 5) water productivity for plant transpiration did not show appreciable
differences among the tillage treatments. On the other hand, water productivity
for total evaporation, Wpgr, and water productivity for rainfall, Wpp, were the
highest for ITS followed by CONV. MT gave the least values as grain yield was
the lowest and surface runoff and unproductive evaporation were the highest.
The effect of vapor shift as explained for maize in Chapter 5, Section 5.2.3 also
applies for tef. The top 0.15 m layer of the soil under MT had the highest bulk
density (Table 6.6) which could have increased surface runoff. The soil moisture
storage was the highest for ITS followed by CONV and MT (Figure 6.8). This
could be because of more infiltration in ITS following deeper plowing by the
MMP and disruption of the plow pan by subsoiling.

13 . . .
Season refers to period between seedling emergence and harvesting.
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Figure 6.5. Simulated and observed soil moisture over the root zone (0-0.6m) in
conventional tillage (CONV, Wulinchity, 2004)

The difference between ITS and IT is subsoiling. It is interesting to note that
subsoiling was much more effective in zef than in maize (Chapter 5). Time of
subsoiling could have an effect on the performance differences of the two tillage
systems (ITS in tef and STS in maize). In the case of STS, most of the subsoiling
was carried out long before planting time while in ITS, subsoiling was carried
out few days before planting. Even in the case of STS, the best performance of
subsoiling was obtained when there was a short gap (6 days) between subsoiling
and planting.

6.3.3 Grainyield

The maximum grain yield was obtained from ITS (Table 6.4). This could be
because more water was available to the crop in ITS. Moreover, deeper
penetration by the MMP and by the Subsoiler (Chapter 4) could have resulted in
deeper root growth. Better weed control by MMP could also have contributed to
higher yields.

Outputs from the conceptual model

Figures 6.5.- 6.7 show model outputs for the days during which access tube
readings were available. The simple conceptual model has reasonably estimated
the soil moisture content over the root depth. Similar fits were obtained in the
maize experiment (Chapter 5).
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Figure 6.6. Root zone (0-0.6m) soil moisture simulated by the conceptual model
versus observed data for improved tillage with subsoiling (ITS, Wulinchity,

2004)
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Figure 6.7. Root zone (0-0.6m) soil moisture simulated by the conceptual model

versus observed data for minimum tillage (MT). (Wulinchity, 2004)
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Figure 6.8. Comparison of soil moisture under different tillage systems
(Wulinchity, 2004).

Table 6.4. Effect of tillage system on grain yield of tef (kg-ha) .

Treatments Melkawoba Waulinchity
2003 2004 2005 Mean 2003 2004 Mean
960
CONV 900 (ab') 920(b) 930 1260(ab) 1070(ab) 1170
ITS 930 1160 (a) 1230(a) 1110 1460(a) 1180(a) 1320
MT 850 730 (b) 850(b) 810 1200(b)  890(b) 1050
IT 900 890 (b) 920(b) 900 1260(ab) 960(b) 1110
NS P>90%  P>90% P>90%  P>90%

CONYV means conventional tillage, ITS means Improved tillage with subsoiling,

MT means minimum tillage and IT is improved tillage without subsoiling.

Means followed by the same letter are not statistically different.

6.3.4 Soil properties
Tillage treatments did not significantly alter soil physical and chemical properties
after a period of three years (Table 6.6). SOC and TN contents of soils take

14 Means followed by the same letter are not statistically significant at P>90%
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Table 6.5 Water productivity as affected by tillage
systems in tef (kg grain m)

Waulinchity 2004
Treatment  Wpr Weer Wpp
CONV 2.20 0.39 0.25
ITS 2.23 042 0.27
MT 2.28 0.32 0.21

longer (>5 years) to respond to reduced tillage (West and Post, 2002; Heenan et
al., 2004) while other investigators reported significant changes in shorter
periods of two to three years (Su ef al., 2004; Ozpinar and Cay, 2006). The bulk
density was the least in ITS and the highest in MT. The low bulk density
observed in ITS could have permitted better infiltration and deeper root growth.

Table 6.6. Effect of tillage systems on soil physical and chemical properties

Organic Bulk density  pH in
Treatment  Total Nitrogen (%) Carbon (%) (gm cm™) H,0O
CONV 0.10 0.84 1.34 (ab) 8.3
ITS 0.10 0.84 1.30 (b) 8.2
MT 0.10 0.85 1.37(a) 8.2
NS NS P>90% NS

Means followed by the same letter are not statistically different.

6.3.5 Financial analysis

ITS resulted in the highest net benefit followed by CONV and IT both at
Melkawoba and Wulinchity (Tables 6.8 and 6.9). MT gave the least net benefit.
The net benefit has been mainly influenced by the amount of grain and straw
yield and tillage costs. The new tillage systems increased weeding time but
reductions in tillage time, which is more expensive than weeding (30 Birr-d™
compared to 8 Birr-d™") favored ITS.

6.4 Conclusions

The Improved Tillage System (ITS) that involves the use of the Maresha plow
across the slope followed by plowing once with the Maresha Modified Plow,
subsoiling at a spacing of 0.75 m and planting with the Sweep, resulted in the
least surface runoff, highest plant transpiration, highest grain and highest straw
yield in zef. ITS was also the most profitable tillage system. On the other hand,
MT resulted in the highest surface runoff, least plant transpiration, least grain and
least straw yield. ITS 1is recommended for tef production in semi-arid
environment under smallholder farming system. A simple conceptual threshold
model reasonably estimated soil moisture content over the root depth.
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Table 6.7. Cost of implements
Type of Service Unit time (hr-ha™-
implement Price  life operation™) Cost-ha™-operation™
(Bil‘rls) (hrs) Melkawoba  Wulinchity Melkawoba  Wulinchity
Modified
Maresha
plow 250 500 27.20 31.6 13.60 15.80
Maresha
(Full
tillage) 25 200 22.67 27.10 2.83 3.39
Maresha
at 75 cm 25 200 11.34 13.56 1.42 1.70
Maresha
at37.5cm 25 200 13.50 15.6 1.69 1.95
Subsoiler 30 200 9.60 11.80 1.44 1.77
Sweep 40 200 9.83 10.20 1.97 2.04
Table 6.8 Financial analysis at Melkawoba
Costs of operations and Revenue Net
depreciation (Birr-ha™) (Birr-ha™)'® Benefit
Treatment
Tillage Weeding Implements Total Grain Straw Total
CONV 384 458 11 854 2790 1116 3906 3052
ITS 344 436 19 798 3330 1365 4695 3897
MT 135 584 5 724 2430 923 3353 2630
IT 297 470 17 785 2700 1080 3780 2995
Table 6.9 Financial analysis at Wulinchity
Costs of operations and depreciation _Revenue Net
Treatment (Birr—ha'l) (Birr-ha'l) Benefit
Total
Tillage Weeding Implements cost Grain Straw Total
CONV 558 488 14 1060 3510 1474 4984 3925
ITS 391 472 22 884 3960 1624 5584 4699
MT 153 656 6 815 3150 1103 4253 3438
1T 339 496 20 855 3330 1332 4662 3807

151 Uspis equivalent to 8.7Birr.
16 Price of tef grain is assumed to be 3 Birr-kg"' while that of tef straw is 0.3 Birr-kg™



Chapter 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

7.1.1 The traditional tillage system.

Farmers in Ethiopia use an indigenous plow called Maresha for all stages of
tillage. Because of the triangular geometry of the plow, V-shaped furrows are
created that leave unplowed strips of land between adjacent passes. In order to
deal with the unplowed strips of land, farmers carry out cross plowing. Cross
plowing increases the time and energy requirement of seed bed preparation
because the plow is moved over the already plowed area in order to access the
unplowed parts. Moreover, cross plowing entails laying furrows along the
hillslope in one of any two consecutive tillage operations, which can encourage
high surface runoff.

Farmers start tillage as early as February and continue doing so until July. In
most cases, tef fields are plowed 3 to 5 times while maize fields are plowed 3 to 4
times. Farmers realize that repeated plowing with the Maresha Plow causes
evaporation losses due to exposure of the lower moist layers. However, they can
not avoid plowing which is needed to break the surface crust formed by rainfall
that follows a wetting-drying cycle. Moreover, the need for controlling weeds
that emerge before planting and that cause loss of soil moisture through
unproductive transpiration, forces farmers to plow during dry spells.

Farmers do not plow their fields before the rains start to avoid high draft power
requirement, excessive pulverization leading to compaction by subsequent rains,
higher weed infestation and formation of too many clods. They also want to let
weeds emerge for a better control. The main purposes of tillage in the production
of maize and tef at Melkawoba and Wulinchity are soil moisture conservation
and weed control. Farmers also perceive soil warming as one of the purposes of
tillage. Plow pans were found at depths ranging from 0.18 m to 0.25 m.

7.1.2 The Maresha modified conservation tillage implements

The implements that were developed as modifications to the traditional tillage
implement, the Maresha Plow, were found to be suitable to the respective
operations they were developed for while maintaining simplicity, light weight
and low cost nature of the traditional plow. The Subsoiler, when operated along
furrows made by the Maresha plow, penetrated up to a depth that enables
disruption of the hard pan created under the traditional cultivation system. The
use of the Row Planter to plant maize resulted in early and twice as much
seedling emergence as manual placement of seeds, under moisture stress
situations leading to increased grain yields, in addition to saving labor and time
by up to 85%. The Tie-ridger made furrows with larger cross sectional areas than
those made by the Maresha Plow and the inverted BBM while requiring lower
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draft forces. The lifting force required by the Tie-ridger, when tying furrows, was
lower than that required by the Maresha plow and the inverted BBM. The
Maresha Modified Plow reduced tillage frequency because of U-shaped furrow
cross-sections and better weed control. It also increased depth of tillage leading
to more infiltration and higher yields.

7.1.3 The locally adapted conservation tillage systems.

Reduced water productivity and hence lower crop yields in Ethiopia are caused
by the traditional tillage system, which limits the water available to the crop.
Among the conservation tillage systems tested on tef the one that involves initial
soil opening with the Maresha Plow along the contour leaving narrow unplowed
strips at a spacing of 0.75 m followed by one time plowing with the Maresha
Modified Plow, subsoiling and planting with the Sweep (ITS) resulted in the least
surface runoff, highest transpiration and the highest yields. Water productivity
using total evaporation and rainfall were the highest for ITS followed by
conventional tillage (CONV) and minimum tillage (MT). Minimum tillage
performed worse than conventional tillage because of lower infiltration and
higher weed infestation.

Among the conservation tillage treatments tested on maize, the one that involved
strip tillage at 0.75 m spacing followed by subsoiling and planting over the same
lines (STS) resulted in the least surface runoff, highest transpiration and the
highest crop yields followed by the one that did not involve subsoiling (ST) and
the traditional tillage system (CONV). However, when the time between the last
tillage operation and planting was more than 26 days the reverse occurred
because of higher weed transpiration and surface compaction by rainfall. The
effect was more pronounced with an increase in the cumulative rainfall occurring
between the last tillage operations in the STS/ST treatments and planting.

A simple conceptual model simulated soil moisture in the root zone better than a
physically based model that employed Richards equations. This could be because
preferential flows are dominant in the semi-arid tropics while the tested
physically based model did not estimate the influences of such flows on the
hydrology of the unsaturated zone.

Closing furrows in STS/ST treatments gave significantly higher grain yield
apparently because of reduced soil evaporation. Fertilization had a significant
effect on grain yield of maize except in seasons when there was severe moisture
stress. Financial analysis carried out on the average yields of the three years
showed that ST was the most profitable tillage system while STS had the highest
profitability when the time between the last tillage operation in STS/ST and
planting was less than a week. Tillage systems did not result in any significant
difference in the physical and chemical properties of the soil.

The experiments have shown that it is indeed possible to introduce new insights
and new technology into traditional farming systems, provided these innovations
increase yields, reduce labor and are affordable. Farmers are eager to adopt a new
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technology if these conditions are met and if they are proven to be effective in
the field. With the suggested additional research required to fill some of the gaps
observed during the study, it is concluded that the tested conservation tillage
systems can be applied to increase water productivity and grain production by
positively altering rainfall partitioning in the dry semi-arid areas of Ethiopia
while being affordable by smallholder farmers.

7.1.4 Participation of farmers in research.

Involvement of farmers beginning from the inception of on-farm research
benefits both the researcher and the farming community. In addition to tapping
their indigenous knowledge and properly managing research fields, involvement
of farmers in research boosts their confidence in newly introduced technologies
making them enthusiastic to try them by themselves. This has the potential of
quicker development and adoption of appropriate technologies.

7.2 Recommendations

Based on the consistent performance of the improved tillage system tested on fef,
ITS is recommended for popularization among smallholder farmers in semi arid
areas. The Maresha modified implements can also be popularized among
farmers.

The conservation tillage system that was tested on maize and that involved strip
tillage followed by subsoiling (STS) has shown promising results when the time
between the last tillage operation and planting was less than a week. Additional
studies are required to verify the performance of the tillage system paying
particular attention to the timing of subsoiling. The use of the sweep that does not
expose the lower moist soil while breaking surface crust and controlling weeds
during dry spells should be tested further as a means to solve the dilemma that
farmers face during the dry extended periods between tillage commencement and
planting.

Farmers believe that plowing helps to warm up the soil thereby improving seed
germination. Further investigation is required to study the effect of plowing on
soil temperature and thus on seedling emergence. Farmers’ techniques of tillage
timing, which they believe helps improve soil workability and infiltration and
reduce soil evaporation should be explored further for possible incorporation in
the design of appropriate conservation tillage systems.

Studies are required to measure the water balance at a watershed scale, which
will enable the measurement of stream flows (surface and rapid ground water
flows) that could have an impact on the uniformity of stream flows during rainy
and dry periods, through increased infiltration and groundwater recharge, for the
benefit of downstream users. Moreover, soil loss studies resulting from the
application of conservation and conventional tillage systems should be carried
out both on field scale and over watersheds. Further studies are required on
preferential flows occurring in semi arid areas of Ethiopia for a better
understanding of the hydrology of unsaturated flow.
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Tied ridges described in Chapter 4 have been tested for many years with the
objectives of improving soil moisture through the reduction of surface runoff
with mixed results. This has limited the adoption of tied ridges in dry areas.
However, this study has given an insight into the problem of soil evaporation
resulting from dry spells occurring before planting. Therefore, trials should be
carried out on tied ridges by comparing the operation before planting with one
carried out after planting. The analogy between the findings with timing of
subsoiling can be applied to tie ridging and possibly disclose the mysteries of
mixed results reported on tie ridging. Moreover, lack of maneuverability of tie
ridgers has been a set back to the adoption of the practice. This study has
demonstrated the availability of a simple and easy-to-use implement for making
tied ridges. Therefore, it is recommended that trials be initiated on tie ridging
paying particular attention to the timing of the operation in relation to loss of soil
moisture through evaporation.

Since farmers know some of the unique situations on their farms better than
researchers, smallholder system innovations under local conditions should be
investigated together with farmers. The potential of making research partnership
with farmers to achieve quicker development and adoption of appropriate
technologies should be given utmost importance.
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Samenvatting

Traditioneel wordt er in Ethiopi€ met de Maresha ploeg geploegd. Deze ploeg
vereist veelvuldig en kruislings ploegen. Deze methode is niet efficiént voor het
maximaal benutten van regenval. In de semi-aride gebieden van Afrika is het
cruciaal dat maximaal gebruik wordt gemaakt van de beschikbare regenval.

Er zijn een aantal innovaties ontwikkeld om de effectiviteit van het ploegen te
verhogen. Omdat de boeren om allerlei redenen gebruik willen blijven maken
van de Maresha ploeg, zijn deze innovaties in dit onderzoek aangebracht op de
traditionele ploeg. Deze innovaties zijn uitgetest op proefvelden waar Mais en
het traditionele 7Tef gewas worden verbouwd. Van de proefvelden is een
volledige waterbalans gemaakt en is de productie nauwkeurig gemonitord.

De tests hebben laten zien dat met de aangepaste ploeg niet alleen de
landbouwproductiviteit toenam, maar dat ook de hoeveelheid energie benodigd
voor het ploegen minder was, en dat het percentage regenwater dat de plant ten
goede kwam, toenam. Door het onderzoek samen met de boeren uit te voeren is
bovendien bewerkstelligd dat de nieuwe technologie van harte door de
gemeenschap is overgenomen.
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