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Abstract: An on-farm field experiment on a locally adapted conservation tillage method was un-
dertaken to evaluate its effect on soil erosion, surface runoff, and agronomic parameters. It was
conducted on five farmer fields with 3-14% slopes in the Rift Valley and the Eastern escarpment of
Ethiopia’s central highlands region for two cropping seasons. The treatments were conventional
tillage (CT), repeated ploughing performed with a traditional ox-drawn plough named ‘Maresha’,
and minimized contour ploughing (MT) at most twice with a locally adapted sweep-like attachment
assembled to Maresha. Surface runoff and soil loss in the MT system were 30 to 60% and 49 to 76%
lower than those in the CT system on 3 to 14% slopes, respectively. Despite the wide variation in
surface runoff, limited differences in soil water content for the depth from 0 to 20 cm were observed
between the treatments. Significant differences (p < 0.05) in grain yields (kg ha~!) of 246 and 323 in
the 1st and 2nd growing seasons, respectively, were recorded between the MT and CT treatments.
The results of this study demonstrated that the MT system can significantly reduce surface runoff
and soil loss while improving crop yields in rainfed smallholder farming systems of Ethiopia.

Keywords: conventional tillage; minimized tillage; runoff; soil loss; soil moisture; crop yield;
Berken Maresha

1. Introduction

A central issue in Sub-Saharan Africa (SSA) is sustainably feeding the ever-increasing
human population while accommodating the harmful effects of climate change. Currently,
approximately 33.80% or close to 345.90 million people suffer from severe food insecurity [1].
Projected population growth by 2050 in the region will also result in a 70.00% increase in
food demand [2]. Under the current scenario of environmental sustainability challenges,
an increase in the total population coupled with negative impacts of climatic variability
will cause additional pressure on the limited natural resources, and consequently, the
sustainability of agriculture will be in question.

Accelerated soil erosion and the alarming extent of land deterioration are the most
serious and possibly least reversible environmental problems recognized worldwide [3].
Soil erosion affects agricultural productivity through the removal of fertile soil [4]. It has
occurred throughout agricultural activity but intensified since the beginning of the 20th
century [5,6]. Apart from accelerated soil erosion and the alarming rate of land degradation,
runoff from rainfed crop lands leads to a loss of water resources in semiarid areas [7-10].
The drying up of rivers and lakes and disruption of the hydrological balance in a watershed
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is supposed to be partially related to erosion and the sedimentation processes activated
by human pressure on dwindling agricultural land resources, speedy land use alteration,
conventional farming practices, and watershed geomorphic factors accompanied by a lack
of appropriate conservation measures [11].

Different conservation measures and cultivation practices have different impacts
on soil erosion, precipitation runoff, and soil health [12,13]. This can be inferred from
summarized average annual soil loss rate figures from sloppy croplands, for example,
over 42 t/ha yr’1 in Ethiopia [14], 20-25 t/ha yr’1 in the Loess Plateau of China [15],
and 10 t/ha yr~! in the United States and Europe [16], representing developing, emerg-
ing (newly industrialized), and developed nations, respectively. The high soil loss rate
in Ethiopia stems from the depletion of the vegetation cover, especially the clearing of
forests for cultivated land and exploitative farming associated with the loss of topsoil and
nutrients as a result of erosion processes and tilling and herding practices going on for
centuries [17,18]. Traditional agriculture based on intensive tillage with little or no ground
covers and poor land management aggravates soil erosion and land degradation [19].

Tillage is the most important factor contributing to the erosion of sloping farmlands.
It is performed to create a fine, weed-free seedbed suitable for germination and seedling
establishment [20]. Ethiopian farmers conventionally till their land, regardless of slope,
three to six times depending on the crop, soil type, climate, and available power for single
cropping in a year with a pair of oxen using the local plough called Maresha. However,
traditional agriculture based on intensive tillage has been blamed for being responsible for
more runoff generation, accelerated soil erosion and land resource degradation [21-23], low
energy efficiency, and contributions to global warming problems [24,25]. Tillage and other
practices performed up and down field slopes create pathways for surface water runoff and
can accelerate the soil erosion process. They aggravate soil erosion depending on the depth,
direction, and timing of plowing, the type of tillage equipment, and the number of passes.

To minimize further degradation and maintain the productive capacity of existing
lands, conservationists have responded by focusing on the construction of mechanical
conservation structures [26]. A complementary approach to protect precious soil and water
resources and reclaim degraded lands is the application of conservation agriculture inter-
ventions [27-29]. Conservation agriculture (CA) is based on the concept of conservation
tillage, i.e., reducing tillage and keeping soil covered, with the association of crop rotation
principles. Minimum till or no-till practices are effective in reducing soil erosion by wa-
ter [30]. It is promoted as a sustainable and environmentally friendly system to ensure
the availability of soil and to reverse land degradation while increasing crop yields on a
sustainable basis, particularly in semiarid conditions [31-33]. Under conservation farming,
field compaction is kept to a minimum, soil organic matter is increased, early planting is
enabled, and labor bottlenecks as well as animal and mechanized power requirements are
relieved out of the peak planting period [34].

However, the adoption of conservation tillage varies from region to region. Several
researchers have reported increased yields under zero tillage [28,35,36], yet in other cir-
cumstances, depressed yields were observed due to zero tillage [37-39]. These diverse
observations can be attributed to differences in the soil properties, prevailing weather con-
ditions, socioeconomic setup, type of crop grown, and tillage technique adapted, implying
the need for locally tailored conservation agriculture interventions. Generally, there is
scarce quantitative data on the benefits of CA technologies tailored to local conditions.
Therefore, the objective of this paper is to examine the effectiveness of a locally adapted
conservation tillage method in reducing soil erosion and surface runoff in the eastern
escarpment central highlands of Ethiopia. Specifically, we aim to evaluate the extent of
surface runoff, soil erosion, soil moisture retention, and crop yields under a locally adapted
conservation tillage technique and conventional tillage practices.
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2. Materials and Methods
2.1. Study Site and Farming System

The study was carried out at Bolo Sillase (8°52/39.5” N and 39°23/52.4" E), located in
the mid-altitude area of the Minjar Shenkora district, 120 km east of Addis Ababa, Ethiopia.
It is part of the Eastern Rift Valley towards the escarpment of the central highlands and has
an altitude of 1820 m above sea level. A dominant (84%) part of the cultivated landscape of
the district is characterized by plane lands and the remaining16% are hilly and mountainous
lands. Based on thermal zones and the length of the growing period (LGP), the area is
generally categorized under tepid sub-moist mid-highland agroecological zones.

The daily maximum temperature rises to 34.50 °C from March to June; the mean
annual temperature is 18.50 °C. The area receives summer rain from June to September,
often as intense storms. The annual rainfall is highly variable, ranging between 550 and
800 mm. Late-onset rain, intermittent periodic dry spells, and the early cessation of rain are
characteristics of the study area [40].

More than 90% of the population depends on agriculture as their main source of
food and income. Agriculture in the district is characterized by its dependence on rain.
Fluctuations in annual production with an occasional drastic reduction in crop yields are
common in this district and similar climatic zones of Ethiopia. Farmers in the study sites
practice mixed farming, with the overall farming system strongly oriented towards grain
production as a source of livelihood. All agricultural activities are carried out using animal
power and human muscle. Tillage is exclusively carried out using the traditional plough
called Maresha, which is pulled by a pair of oxen.

2.2. Experimental Setup

The study employed five trial fields and involved five partner farmers selected on the
basis of their willingness and the location accessibility and slope uniformity of their fields.
Right after a detailed briefing and discussion on the experimental setup, farmers were
trained on soil and water conservation principles and field applications of conservation
tillage technologies. The experiment was carried out on smallholder farmer’s field located
in a mini watershed of about 60 ha during 2013 and 2014. The mini watershed water was
exposed to surface runoff and the formation of rills and gullies representing sloping and
hilly cultivated areas (16%) in the district. Virtually all lands within the min watershed are
annually cultivated for production of cereal and pulse crops in rotation for many years.
Major crops grown are wheat, tef, maize, chickpea, or beans in rotation. The soil type in the
trial fields is brown soil with a sandy loam soil texture and an average pH of 7.80. The soil
depth in the micro watershed ranges from 20cm on the upper plots to 70 cm at the bottom
part of the micro watershed.

Five trial fields were established on the 3% (bottom); 6% and 8% (middle); and 12%
and 14% (upper) slope gradients of the mini watershed. Each plot was divided into
two equal strips; thus, there were two treatment plots and five trial fields (blocks) for the
trial (Figure 1). The plot size for each treatment (L x W) was 15 m x 20 m on the 12%
and 14% slope trial plots and 20 m x 20 m for the rest. The treatment’s (i) conventional
ploughing and (ii) minimum contour tillage were arranged in a randomized complete
block design. The conventional tillage (CT) practice is characterized by multiple passes
with an oxen-drawn local ard plough named Maresha. Farmers feel that more tillage
operations and deeper ploughing could increase crop yields; thus, on CT plots, three to
four ploughing operations were performed to create a fine and smooth seedbed before
planting. The operation was performed at opposite inclined angles across the contour
(up- and down-slope ploughing) before planting, and the last ploughing occurred nearly
along the contour on the sowing date. In minimum tillage (MT), wherein one to two tillage
operations were omitted from the conventional system, the land was ploughed along the
counter using a newly developed sweep-like attachment assembled to the local plough,
which is named Berken Maresha (BM) (Figure 2). All tillage passes were laid along the
contour, leaving a rough, uneven soil surface with undisturbed invisible barriers in each
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furrow pass. The date of the final tillage operations in both treatments of each farmer
(replication) was the same. During the 1 stweeding, flat cultivation and tie ridging were
performed on the CT and MT plots, respectively.

Figure 1. Google Earth photo showing trail site with five plots (A); field before the experiment (B);
and trail plot with a runoff of troughs (C).

Figure 2. Berken Maresha assembled to the traditional ard plough.

The Melkassa-1II, an intermediate maturing maize (Zea mays L.) variety and a potential
high grain yielder (5-6 ton ha~!) in mid-altitude areas, was used for the study. The row
spacing was 0.75 m. Sowing was performed at 1 to 2 seeds per station, and the desired
plant stand was obtained by thinning the stand when the crop was at the 3—4 leaf stage.
Diammonium phosphate fertilizer (N:P:K 18:46:0) was applied at a rate of 50 kg/ha at
planting. Planting was performed on 3 July and 12 July during the 2013 and 2014 seasons,
respectively. Plots were weeded twice by hand each time weeds reached more than 10 cm
in height. Tied ridges were constructed on MT plots between maize rows (75 cm apart)
and cross-tied with soil bunds across the ridges every 5 m in ridge length during 1st
weeding. Commonly, farmers plow their maize field three to four times using an oxen plow
before sowing. Maize seeds are planted in rows by dropping two seeds per hill manually.
Fertilizers (100 Kg ha~! NPS at planting) and 100 Kg ha~! urea in two splits (1/3 kg/ha at
planting and 2/3 kg/ha at knee stage) was applied after weeding. All crop management
practices such as cultivation, weeding etc., were carried out as desired.
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2.3. Field Measurements
2.3.1. Meteorological Dataand Soil Characterization

Daily rainfall amount and intensity were recorded at 30-min intervals using a Vantage
Pro 2 (Davis Instruments, Hayward, CA, USA) wireless weather station installed at the
trial site. The volumetric water content (VWC) of the soil was measured for the two-tillage
treatments. The measurements were performed regularly twice a week with a Field Scout®
portable handheld TDR probe (Model # 300, Spectrum Technologies, Inc., Aurora, IL, USA).
It was measured in situ using a probe that contained the electronics and two 20 cm, parallel
stainless-steel rods mounted 3.3 cm apart in the handle unit. TDR samples were taken at
20 cm of depth at 8 random locations per treatment in each of the 5 experimental fields. Crop
evapotranspiration (ETc)was determined from the crop coefficient values of maize [41]
and reference evapotranspiration (ETo) for each growth stage, and was computed from
weather data at the study site.

2.3.2. Runoff and Soil Loss

Runoff measurements were made on a quarter of each treatment plots measuring
(L x W) 15 m x 5 m for the 12% and 14% slope plots and 20 m x 5 m for the rest. Each
plot was equipped with a runoff-collecting trough designed to handle up to 18 m3 d ! of
runoff at the lower side of the plot as described by [42]. The runoff plots were bordered
by a galvanized iron sheet driven to a depth of approximately 10 cm into the ground and
protruding 15 cm above the surface of the soil. Delineation of the plots was carried out
immediately after sowing. Surface runoff was measured daily. Surface runoff collected
in the trough was measured using a graduated cylinder. The runoff volume (V;) was
estimated using Equation (1)

Vi = V1+ (axV2)+(axbxV3) 1)

where Vi, V, and V3 are the volumes of runoff in the first, second, and third tank, respec-
tively; and “a” and ‘b’ are constants associated with the number of holes of the first and
second tank, respectively. The runoff coefficient (RC) was estimated using Equation (2):

RC (%) = (Ro/R¢) x 100 @)

where R, and R¢ are the event runoff and the corresponding rainfall (in mm). R, was
determined by dividing the daily V, by the surface area (m?) of each plot.

After each erosive rain event, the sediment load retained at the bottom of each tank
was determined by measuring the sediment depth in the trough using a Vernier calliper.
Five-hundred-milliliter (500 mL) samples were taken to measure the fresh weight (g)
sediment load collected and calculate its density. Another 200 g of samples was collected
from the amount of soil retained in the tank and dried in an oven at 105 °C until reaching a
constant weight. Therefore, the dry sample was weighed to determine the sediment yield
(Equation (3)).

SL = (Wd /(W)) x Wt (©)]

where SL is the total amount of dry sediment retained in the tank; W is the fresh weight (g)
of the sediment sample taken for oven drying; W is the dry weight (g) of the sediment
sample; and Wy is the fresh weight of the sediment calculated from the volume of sediment
in the tank and density of the fresh sediment measured in the field.

2.3.3. Aboveground Growth and Grain Yield

Stand count was made by counting the actual number of plants at two spots on four
rows of a 5 m length in each plot. Five plants in the central four rows were randomly
selected in each treatment to measure plant height at physiological maturity. The leaf area
at flowering was measured by sampling three random plants per treatment. The leaf area
index (LAI) was calculated by dividing the total area of green leaves in the samples by the
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ground area sampled. The aboveground biomass and grain yield were measured from the
central eight rows (one-third) of each plot. The total weight of the aboveground biomass
was measured using a digital hanging balance with a 20 kg capacity in the field. The cobs
were carefully removed, shelled by hand, and weighed using an electronic balance. The
moisture content was determined using a hand-held electronic grain moisture tester, and
grain weights were adjusted to a moisture content of 13%.

2.3.4. Data Analysis

The graphs for daily precipitation and the weekly rainfall amount were plotted using
Microsoft Excel. The effects of tillage treatments and the rainfall amount on event runoff
and soil loss were analyzed using a one-way ANOVA. Statistical analyses of mean com-
parisons were performed using the StatistiX 8, version 8 software. The least significant
difference (LSD) test was used to compare means. In all cases, differences were deemed to
be significant at p < 0.05. Cumulative runoff and soil moisture graphs were plotted with
JMP, Version 5, The statistical Discovery software.

3. Results and Discussion
3.1. Rainfall and Crop Evapotranspiration

Precipitation during the 2013 and 2014 growing seasons had comparable rainfall totals
of 605.2 mm and 594.2 mm, respectively. However, their temporal (day-to-day) distribution
to satisfy crop water needs during different growth stages was remarkably different. Daily
precipitation and weekly rainfall amount with crop evapotranspiration during the growing
season are shown in Figures 3 and 4. The rain in the first year relatively conformed to the
expected pattern, began on time, and were evenly distributed until mid-September, but had
no rainy days from 17 to 30 September 2013. On the other hand, the rains in the second year
began late with regular distribution throughout the season but had a couple of hailstorm
events one month after planting (Figure 3).
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Figure 3. Daily precipitation at the experimental site during the 2013 and 2014 cropping seasons.

An analysis of weekly precipitation and ET¢ indicated that the rains beginning from
the date of planting to silking (week 10) fully met crop water demand in the 2013 cropping
season. Then, the rainfall received was much lower than ET¢, with an incidence of late-
season 14-day dry spells during the critical growth stage between weeks 11 and 13 (Figure 4).
Rainfall received in week 14 was more than ET¢ and helped the crop recover from water
limitation. The rainfall characteristics and crop growth stage in 2014 showed a similar
pattern until silking, while the succeeding rains dropped below ET¢ without a significant
dry spell (rain event < 2 mm) during seed formation. Furthermore, the rain started one
week later and was withdrawn one week before physiological maturity (Figure 4).
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Figure 4. Weekly rainfall amount with crop evapotranspiration (ETc) for maize at the experimental
site during the 2013 and 2014 cropping seasons.

The rainfall received during weeks 3 to 9 of the growing season was quite high,
and a considerable amount of water left the field in the form of runoff. In contrast, the
crop experienced moisture stress towards the end of the growing season in both seasons.
Consequently, for maximum production, the excess water available could be stored to
mitigate deficiencies in weeks 10 to 14. Late onset and early cessation of the rainy season
imply a short growing period leading to low crop productivity. The World Bank [43]
reported a 10% average cereal yield reduction due to the late start of the rainy season across
Ethiopia. To summarize, the analysis indicated the necessity of moisture conservation
practices as long as rainfall is the only source of water for crop production.

3.2. Runoff

For each slope steepness, the mean event surface runoff from the MT plots was
significantly lower (p < 0.05) than that from the CT plot, and the runoff coefficients from
both tillage treatments increased with an increasing slope gradient. Rainfall for 17 and
22 measured runoff events totaled 229.2 and 367.4 mm in years 1 and 2, respectively. The
two years combined event-based mean surface runoff, and coefficient values on land slopes
of 3,7, and 14% were analyzed under three precipitation, P (mm/day), ranges of small
(p £ 15), medium (15 < p < 25), and large (p > 15) events, which constituted 28%, 54%,
and 18% of the total events, respectively. Tillage methods on a given slope gradient have
shown different runoff rates under different rainfall conditions (Table 1). Surface runoff
was reduced significantly under minimally contour-ploughed plots for large rainfall events
on 3% slopes, medium and larger rain events on 7% slopes, and medium rain events on
the highest slope gradient. Runoff caused by small rainfall events from MT plots on each
slope gradient was not significantly different (p < 0.05) between treatments. That means
in the lowest slopes and smallest events, runoff generation is not large enough to show
considerable variation between MT and CT.

Figure 5 presents the cumulative runoff under different tillage practices in relation to
various slope gradients for both years. Tilling less along the contour with locally adapted
implementation generated 60%, 47%, and 46% less runoff than in conventional tillage in
the first year and 46%, 38%, and 36% less runoff during the second year in the order from
the gentle to the steepest slopes. This means that the effectiveness of MT was relatively
reduced on steeper slopes, indicating the need for additional interventions such as soil
bunds or other structural measures. The reduced effectiveness of MT on the steepest slope,
particularly during high and intensive rain events, was likely attributed to more excess
rainfall detention that triggered a higher runoff over MT plots due to overflow and the
breaching of ridges, as noticed from fresh rills formed. Gebreegziabher, et.al. [44] reported
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an over 60% reduction in total runoff using contour furrows at 60- to 70-meterintervals
on wheat-sown plots. The result also confirmed the work of [41] on planted wheat and
tef fields bounded by Fanyajuus (trenches following contour lines with soil bunds at the
upslope) somewhere else in the upper Blue Nile, Ethiopia. The lower runoff coefficients
and cumulative runoff generated from minimal contour ploughed plots are presumably
related to improved infiltration due to increased surface roughness perpendicular to the
slope. In conjunction with reduced contour ploughing, tie ridges made later in the season
(60 days after planting) captured and temporally held a considerable volume of surface
runoff within furrows during the storms and consequently extended the time of ponding
for additional infiltration [45]. In summary, it was demonstrated that conservation tillage
effectively reduced surface runoff on 3 to 14% land slopes.
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Figure 5. Cumulative surface runoff from conventional tillage (CT) and locally adapted conservation
tillage (MT) maize planted in 14%, 7%, and 3% slope plots at Bolo Silase, Ethiopia.
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Table 1. Mean event runoff and coefficient values under CT and MT practices on maize-cultivated

plots for the total (39) monitored days in years 1 and 2.

Slope Rainfall ** Number Mean Event Runoff (mm) RC

(mm) of Cases CT MT CT MT
large 2x7 1143 + 096 a 9.34 +0.96 a
medium 2 x 11 434+076b 1.82+0.76¢

14% small 2 x 21 203+ 052¢c  0.84+052¢ 0.28 0.17
Mean 78 594+ 04la 4.004+041b
large 2x7 957+ 0.84a 7.18+0.84b
medium 2 x 11 3744+ 056¢c 1.34+056d

7% small 2 x 21 1.09+056d 041+056d 0.21 0.12
Mean 78 480 +£0.35a 298 £ 0.35b
large 1x7 505+ 046a 3.01+046b
medium 1x 11 0.87+037¢c 025+037c

3% small 1x21 046 +026¢c  013+026¢ 0.09 0.04
Mean 39 2124+019a 1.13+0.19b

** Number of cases = number of plots x number of events; RC= Runoff coefficient. Letters a, b, c and d indicate
the mean separation test of treatment combinations (tillage methods by rainfall amount) within a specified slop;
means followed by the same letter are not significantly different at p < 0.05.

3.3. Soil Loss

Mean event-based soil loss rates (t ha=!) on a land slope of 3 to 14% were significantly
(p < 0.05) different between tillage treatments (Table 2). A maximum event soil loss of 5.06,
413, and 1.19 t ha—! was recorded from 14, 7, and 3% slopes in the traditional intensive
ploughing for an abrupt rainfall event of 43 mm. The respective soil losses in MT were
3.42,2.27, and 0.78 t ha—! for the same rainfall event. Generally, the results indicated that
MT decreased total soil loss by 65%, 71%, and 75% in year 1 and by 62%, 58%, and 50%
in year 2 on 3, 7, and 14% slopes, respectively, compared with CT. The increasing and
decreasing soil loss rates observed in years 1 and 2, respectively, with an increasing land
slope under the same soil type and topography could be mainly due to the variation in
rainfall parameters and antecedent conditions. Other studies on rainwater conservation
techniques, such as [46], reported significantly reduced surface runoff and associated soil
loss on a land slope of 0 to 11% in North Wollo, Ethiopia.

Table 2. Soil loss from conventional tillage (CT) and conservation tillage (MT) plots.

Mean Event Soil Loss (t/ha) Total Soil Loss (t/ha)

Year RF (mm) S:;Se No of Cases CT MT CT MT
3 17 0.15 (a)c 0.05 (b)b 2.46 (a)c 0.87 (b)b
2013 236.2 7 34 0.66 (a)b 0.19 (b)a 11.08 (a)b 3.20 (b)a
14 34 0.85 (a)a 0.21 (b)a 14.21 (a)a 3.52 (b)a
3 21 0.24 (a)b 0.04 (b)b 3.12 (a)b 0.88 (b)b
2014 383.4 7 42 0.67 (a)a 0.26(b)b 14.15 (a)a 5.55 (b)b
14 42 1.00 (a)a 0.51 (b)a 21.02 (a)a 10.66 (b)a

Letters inside the brackets indicate test results within the different tillage systems; and letters outside the brackets
indicate test results within slop gradients; means followed by the same letter are not significantly different at
p <0.05.

Examination of cumulative soil loss curves also revealed much higher variation over a
given field slope between treatments (Figure 6). The increasing trend of the cumulative
soil loss rate with time was different for the seasons. Year one appears to reach close to
its maximum at the initial growing period, while year 2 continuously increased until the
end of the growing period. The yearly variation in the trend of the soil loss rate magnitude
indicates the erratic nature of erosion phenomena that could be related to a variation in
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rainfall amount, intensities, antecedent soil moisture, and cover conditions. A comparable
event soil loss rate of 3.07 t ha~! was reported in traditional ploughing for a rainfall event
of 35 mm [44]. An interesting phenomenon found from this trial was that the three largest
erosive rainstorms that occurred after planting, which accounted for 30% of the total rainfall
in year 2, caused 54%, 59%, and 97% of the total soil loss from the 14%, 7%, and 3% CT
plots, respectively. In the same order, soil loss from the corresponding MT plot was 57%,
68%, and 100%. As measurements were performed after planting for 34 and 58% of the total
precipitation in years 1 and 2, respectively, higher annual soil loss rates than our findings
are very likely.
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Figure 6. Cumulative soil loss in response to conventional and reduced contour tillage methods on
maize planted in 3%, 6-8%, and 12-14% slope plots at Bolo Silase, Ethiopia.

The effectiveness of reduced contour tillage has been reported to decrease surface
runoff and soil loss [42,47] due to the formation of undisturbed invisible barriers beneath
the soil surface along the contour. The new tillage method performs a certain degree of
ripping to enhance infiltration while cutting shallow on the left and right sides of the
ripped line for weed control. In contrast, complete soil disturbance over the plough layer
following repeated cross ploughing in CT caused a higher soil loss due to lower resistance
to surface runoff and rill formations. In summary, MT is more effective in reducing soil
erosion from smaller events than larger ones, suggesting that MT has to be augmented by
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other physical and biological soil conservation measures in slopes greater than 8% and
where large rainfall events exceeding 20 mm-d ! are frequently experienced.

3.4. Soil Moisture Retention

A comparison of volumetric moisture content showed that the seasonal moisture
content trends continued to fluctuate as a result of wetting (rainfall) and drying, with
marginal differences between treatments until tie ridging (Figure 7). However, there were
differences in response to the land slope, with a peak value at lower slopes. As time passed,
the soil moisture (%volume) under conservation ploughing was higher than that under
conventional ploughing. After tie ridging vis-a-vis flat hoeing, the soil moisture (%V)
change increased by a maximum of 8.5 (26%), 6.9 (17%), and 5.5 (19%) in year 1 and 5.1
(11%), 4.6 (17%), and 4.2 (14%) in year 2 from 3%, 7%, and 14% slopes, respectively, in
conservation tillage. The results show that MT, compared to CT, can improve soil moisture
content, which is crucial for increasing crop production in moisture stress areas. Towards
the end of the season, the difference in soil moisture content declined as precipitation events
decreased and evapotranspiration increased (Figure 7). Comparing conventional tillage
with conservation agriculture [48], there were higher infiltration rates and more available
soil water with CA, especially during critical crop development stages.
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Figure 7. Effect of tillage practices on the average soil water content of maize-planted fields for the
top 0 to 20 cm depth during year 1 (left) and year 2 (right) cropping seasons.
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Despite the larger variation in the runoff amount and coefficient values among treat-
ments, there was a rather narrow range of soil moisture changes due to treatments over
several days. This is presumably related to the low magnitude of runoff generated from the
more representative (54%) small rainfall (<15 mm) events. Conversely, less frequent but
larger precipitation events of >25 mm on day 1 wetted both treatments to saturation levels,
and thus, the surplus water was retained due to conservation tillage presumably infiltrating
to more than the observed 0 to 20 cm soil depth. Related research by [49] ascertained
negligible soil moisture variation in the top 30 cm soil depth and considerable variation
within the 90 cm depth. Dalmago et al. [50] also indicated that conservation tillage systems
could increase the quantity of total porosity, which favors deeper infiltration. Additionally,
after tie ridging in the conservation tillage system, medium and large events of lower
intensity resulted in significant gains in stored soil water in the observed zone (Figure 6).
This could be attributed to the reduced surface runoff in conservation tillage systems.

In agreement with this study, the rough soil surface configuration in contour tillage
reduced runoff volume [45], which resulted in more infiltration due to rainwater ponding
in the furrow area. Therefore, in more moisture-stressed areas or seasons where or when
rainfall is rarely capable of saturating even shallow soil profiles, conservation tillage
could have substantially more water stored in the upper soil profile. Furthermore, water
percolating deeper is also an advantage of conservation tillage. Roots grown deeper than
20 cm can still utilize water that has drained below that depth. If a dry spell occurs,
MT plots can still survive on the stored soil water below the 20 cm depth. Even if the
water goes deeper than the rooting system of the crop, it will recharge the ground water,
thereby increasing dry season stream flows and groundwater levels. This will make more
water available during the dry season, which can be used as drinking water or for small-
scale irrigation.

3.5. Agronomic Parameters

Yields and plant growth parameters for each cropping year are presented in Table 3.
Seed establishment and plant populations were not significantly influenced by tillage
under the study conditions and period. Additionally, the rains received in both years
were sufficient to satisfy the water demand of the crop to germinate, emerge, and grow
to the end of the flowering stage. Consequently, there was no significant difference in
mean plant height, leaf area index, and aboveground biomass among tillage systems
(Table 3). Conversely, grain yields under MT were significantly (p < 0.05) higher by 7%
(246.4 kg ha~1!) during the first year and 12% (323.3 kg ha~!) in the second year compared
to conventional ploughing. The significantly higher grain yields obtained under locally
adapted conservation tillage are likely attributed to the slightly improved moisture held in
the soil stock for sustained plant uptake during the dry spell (Figure 5). Previous research
results in different areas of sub-Saharan Africa (SSA) indicated improved maize yields due
to the positive effect of conservation tillage in controlling excessive water runoff and soil
erosion and its contribution to improving soil moisture [31,33,35].Crops yields between
20% and 120% higher were reported in CA field trials in SSA in dry years [35].

The maize grain yield in 2014 was 25 to 30% lower than that in 2013. The low grain
yield obtained in 2014 (Table 3) could be caused by the delayed onset and early termination
of the rainy season. The more intense and erratic rainfall feature in 2014 resulted in more
runoff volume, which caused more soil erosion and nutrient loss. A typical example is
the intensive heavy rain (43 mm) received on 6 August and 21 August 2014 that washed
away applied nitrogen from the soil surface through runoff while leaching nutrients away
with deep percolating water following saturation of the root zone. Ma et al. [51] and
Bechmann and Bee [52] reported similar results on the effect of rainfall runoff on nitrogen
and phosphorus loss and the subsequent lower grain yields. The higher aboveground
biomass in 2014 was due to the higher moisture content at the time of measurement (Table 3)
compared to 2013, where the measurement was performed after sun drying for three days.
In general, minimizing tillage and creating a rough surface configuration perpendicular to



Land 2023, 12, 593

13 of 15

the slope reduced water losses from the soil surface and improved water infiltration, thereby
increasing water availability to substantially improve crop yields and soil conditions in the
semiarid tropics where and when moisture is the most important yield-limiting factor.

Table 3. Agronomic performance of locally adapted conservation tillage (2013-2014).

Tillage Plant Height Grain Yield _1
Year Method (cm) LAI (kg/ha) AGBM (ton ha—1)
2013 MT 194.1a 2.74a 3693.5a 9.35a
CT 187.8 a 2.33a 3447.0b 8.89a
LSD (p =0.05) 8.5 0.52 245.1 0.52
2014 MT 188.2 a 1.86a 29523 a 11.59 a
CT 182.0a 171a 2629.0b 11.09 a
LSD (p =0.05) 6.8 0.32 289.73 0.96

MT = Minimum tillage, CT = Conservation tillage, LAI = leaf area index, AGBM = aboveground biomass;
LSD = least significant difference; Letters a and b in the table indicate mean separation test results. Means
followed by the same letter are not significantly different at p < 0.05.

4. Conclusions

The study examined the effect of conservation tillage, in the form of reduced contour
tillage with locally adapted implementation (MT), in reducing surface runoff, soil erosion,
and improving soil moisture and grain yields on farmers’ plots. Rainfall, runoff, soil erosion,
soil moisture, and agronomic parameters were observed on farmers’ fields. The results
showed that conservation tillage demonstrated a positive effect by reducing surface runoff
by 36 to 60% and soil loss by 49.3 to 75% on land slopes of up to 14%. However, the actual
runoff and soil loss from land slopes of 6-8% and over are still above the tolerable level.
This reflects the need for complementary physical soil and water conservation measures
to protect sloping farmlands from erosion, especially during heavy storms. In terms of
in situ water harvesting and associated crop yields, the MT system resulted in better soil
moisture and 7 to 12% higher maize grain yields. Furthermore, minimum tillage could
have other advantages to many Ethiopian farmers who are short of oxen, in reducing labor
requirements and the costs of hiring oxen. In general, tilling less often along the contour
using improved tillage implements is a tillage technique tailored to local conditions and
helps reduce surface runoff and soil erosion and is indeed an efficient practice with great
potential for sustainable agricultural production. Therefore, it is a promising animal-power-
based conservation tillage technique for adoption by smallholder farmers challenged by
the lack of CA implementation in rain-fed smallholder farming systems of Eastern Africa.
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