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Abstract

In Ethiopian highlands including the study area, the livelihoods of an increasing human
population are dependent on tillage-based soil management for intensive crop production.
This farming practice combined with the dynamic climate change leads to soil degradation.
This degradation eventually leads to loss of soil and water, crop productivity, and
deterioration of vital soil physicochemical properties. Moreover, farmers have to face
challenges such as the consumption of much time, labor, energy, agrochemicals, and other
production inputs required by intensive cropping. The objective of this study was to evaluate
the effects of conservation agriculture (CA) on runoff, soil loss, soil properties and crop yield.
To achieve the objective, five treatments as no-tillage combined with mulching and
intercropping (NT + M + In), no-tillage combined with mulching and rotation (NT + M + R),
conventional tillage combined with mulching and rotation (CT + M + R), potato production
as farmers practice and conventional tillage (CT) were evaluated in simple plot design. The
over-year effect of treatments on runoff and soil loss was compared using analysis of variance
at a 95% level of confidence. The result verified that the significant difference among
treatments in reducing runoff and soil loss is mainly due to minimum soil disturbance for the
case of treatments combined with no-tillage and due to ridges for the case of potato plots as
compared to local practices. There is also significant runoff reduction due to mulching as
compared to farmers’ practices. These practices (NT + M + R, potato, NT + M + In, and CT
+ M + R) have a significant effect on soil and water conservation with a runoff reduced by
73, 62, 56 and 38 % and soil loss reduced by 78, 68, 63, 27 % respectively as compared to the
local practices or CT. Based on the result of the study no-tillage, ridges and mulching
maximize the water and soil conservation effect of CA and should be recommended as
important elements and be implemented widely. Consequently, these elements help to stabilize
crop yields against weather extremes since often, CA increases average Yyields in the long
term
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Introduction

The growth of human population and climate change cause the world’s agricultural systems
need to produce more food through intensified farming (Page et al., 2020; Struik and Kuyper,
2017). This agricultural practice leads to declining in the quality of basic natural resources
particularly soil and water, which eventually lead to loss of crop productivity and
environmental risk such as on-site and off-site effects on land and also on water bodies,
(Blum, 2013; Kopittke et al., 2019; Issaka and Ashraf, 2017). Moreover, farmers have to face
high costs for energy, labor, agrochemicals, and other production inputs required by intensive
cropping.

This needs to adopt more sustainable and cost-effective agricultural practices by considering
the relationship between natural resources and community lifestyle (Gomiero, 2016). Most of
the above challenges could be tackled through conservation agriculture (CA) for all farmers
and rural communities that depend on the agri-environment in the area such as Ethiopian
highlands including Yilmana Densa (Gonzalez-Sanchez et al., 2016). Araya et al. (2011)
stated that CA aims to improve soil quality and crop yield whilst reducing runoff and soil
erosion. Rusinamhodzi et al. (2011) also mentioned that CA includes important elements such
as reduced tillage, permanent soil cover and crop rotations to optimise food supply through
improving soil fertility and reducing soil loss and runoff. Due to mulching CA provides a
protective blanket of leaves, stems and stalks. Consequently, it enhances soil productivity by
improving its physicochemical properties through soil and water conservation and improving
soil OM, the population of micro-organisms (which take over the function of traditional
tillage such as loosening of the soil and mixing the soil components), humus formation
(Fuhrer and Chervet, 2015; Shokati and Ahangar, 2014; Amini and Asoodar, 2015;
Khursheed et al., 2019).

Moreover, CA saves energy such as fuel for machines and calories for humans and animals
and time required for cultivation. For instance, Wijewardene (1979) found that no-tillage
required 52 MJ of energy and 2.3 hours of labour per hectare whereas conventional tillage
needed 235 MJ and 5.4 hours to cultivate the same area of land. Therefore, it is very crucial to
test and amend alternatives to existing technologies for their effectiveness on soil and water
conservation and ease of use by the farmers, i.e., to improve soil productivity in representative
areas of the Amhara region.

Materials and methods

The study was conducted during 2016-2020 cropping seasons at Adet agricultural research

center on the station and during 2018-2020 at Debre Mawi watershed in Yilmana Densa
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district of Amhara region which is one of the soil erosion-prone areas of the region. For this
experiment, five treatments with a simple plot design were set. Although crop rotations were
not used as a treatment, we used maize and faba bean crops as a rotation which has also the
benefit to control pests and diseases by breaking their cycles. Besides, faba bean is a legume
crop that can fertilize the soil when used for crop rotation. To achieve soil cover, 30% of the
crop stand (residue) was retained after harvest.

From the total treatments implemented in the simple plot design, the first treatment was potato
planting as a farmers’ practice where the ridge and early land cover are expected as
functioning as soil and water conservation practice as compared to faba bean and maize
prlanting as a farmers’ practice; the other four treatments were no-tillage (NT) combined with
30% stubble retention or mulching (M) and intercropping(In), NT combined with M and
rotation (R), conventional tillage (CT) combined with M and R, and farmers practice (CT) as
mentioned in Table 1. During this experiment, the management of land in CA included no
tillage leaving crop stubbles in the field and zero grazing. Other agronomic practices and
fertilizations were the same for all plots, and the crop rotation was cereal by legume (pulse
crops), i. e., maize and fababea except for the potato plot. Potato has different fertilizer and

agronomic practices requirements.

Table 42. Experimental design and treatments description

Treatment Description

Ti:  Potato Conventional tillage

T: NT+M+In No tillage + Mulching (30%) + Intercropping

Ts: NT+M+R No tillage + Mulching (30%) + Rotation

Tss CT+M+R Conventional tillage + Mulching (30%) + Rotation
Ts: CT Farmers’ practice (conventional tillage)

*Plot size: 10 m x 10 m (Adet on station); 5 m x 22 m at Debre Mawi

*Design: simple plot design

Regarding data collection, runoff and sediment were harvested using rectangular tanks which
were installed at the end of each experimental plot; these data were recorded in every 24
hours of the day; then sediment data were oven-dried. Besides, crop agronomic data
particularly grain yield (i.e., very important component of crop performance) and soil samples
at 0-20cm soil depth (for pH, organic matter, bulk density and soil moisture analysis) were
collected. Finally, the effects of treatments were compared, using analysis of variance and

graphical presentation.
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Results and discussion

The CA practices and conventional potato production were implemented for five and three
cropping seasons at Adet on station and Debre Mawi watershed respectively. Except for the
fixed potato plot, the other four plots were planted with maize and faba bean test crops in
rotation. Runoff and soil loss showed responses to some treatments implemented during these
years. It is confirmed that the first three treatments (Figure 1, 2) particularly treatments with
no-tillage and potato plots are effective to reduce runoff and soil loss significantly as
compared to farmers' practice. The conventional tillage combined with mulching and rotation
is also better in runoff reduction than farmers’ practice due to the mulching effect (Figure 1).
Such effectiveness of CA on runoff and soil loss reduction is supported by different studies
such as Ghosh et al. (2015) and Araya et al. (2011). This effect is primarily due to no-tillage
that leaves the soil undisturbed (Khursheed et al., 2019; Seitz et al., 2019). It is also confirmed
that mulching reduces runoff and soil loss by enhancing infiltration of rainfall with an
efficient mulch application found to be 0.25-0.50 kg/m? (Adekalu, et al., 2007; Mannering
and Meyer, 1963; Kavian, et al., 2020; Wang et al., 2021).
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Figure 25. Effect of CA practices on 2016 to 2020 average runoff and soil loss at Adet on
station
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Figure 26. Effect of CA practices on 2018 to 2020 average runoff and soil loss at Debre Mawi
watershed

Unlike runoff and soil loss, a significant difference was not observed in crop yield in this a
short-term study. However, NT+M+R and CT+M+R show some maize and faba bean yield
advantages as compared to farmers’ practices. As compared to local practices, NT+M+R
improves maize yield by 1.4 and 0.3 t/ha at Adet and Debre Mawi respectively (Figure 3-4 A)
and faba bean yield by 0.6 ton/ha both at Adet and Debre Mawi (Figure 3-4 B). Whereas
CT+M+R improves maize yield by 2 and 0.7 ton/ha at Adet and Debre Mawi respectively
(Figure 3-4 A), and faba bean yield by 0.6 and 0.1 ton/ha at Adet and Debre Mawi (Figure 3-4
B). In this study, the farmer’s practice was better than one of the CA practices (i.e.,

NT+M+IN) in maize and faba bean yield except in maize yield at Adet.
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Figure 27. Average grain yield at Adet; A: Maize grain yield in kg/ha during 2017 and 2019;
B: Faba bean during 2018 and 2020

284



Proceedings of the 14th Completed Soil and Water Research Activities, ARARI, 2023

8000 7500 -
600 - o 5456 2000 =
ol I
a0 0 1000'
2000 ] 500 - i
o OJ T T T
A NT+M+InNT+M+RCT+M+R FP B NT+M+In NT+M+R CT+M+R  FP

Figure 28. Average grain yield at Debre Mawi; A: Maize grain yield in kg/ha in 2019; B:
Faba bean during 2018 and 2020

Similar to crop yield there was no significant difference in soil parameters including pH,
organic matter (OM) and bulk density (Table 2).
Table 43. Soil chemical and physical properties (2018-2020 average values)

Treatment pH (Adet) %O0M (Adet) Bulk density, g cm (Adet)
Potato 5.2 2.5 1.19
NT +M+ In 5.5 3.0 1.30
NT+M+R 55 2.8 1.35
CT+M+R 5.4 2.6 1.27
FP 5.4 2.4 1.25

Treatment pH (Debre Mawi) %OM (Debre Mawi) Bulk density, g cm (Debre Mawi)

Potato 55 2.0 1.31
NT +M+ In 55 2.0 1.27
NT+M+R 5.6 2.2 1.20
CT+M+R 5.6 2.0 1.27
CT 5.7 2.4 1.31

Conclusion and recommendation

This study confirms that conservation agriculture especially with an element of no-tillage is
effective land management practice for a short period to reduce runoff and soil loss, in water-
induced soil erosion-prone areas such as in Yilmana Densa district and other similar regions
of the world. Rearding potato conventional farming treatment, the reasearch confirmed that in
soil erosion-prone areas where potato, maize and faba bean are major crops, potato
conventional production is preferable instead of maize ana faba bean conventional production
to minimize runoff and soil loss. .Therefore these practices are recommended to be used by
smallholder farmers to enhance soil and water conservation where soil erosion by water is
severe. However, a long-term observation is important to determine the effect of other CA

practices on soil properties and grain yield.
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