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ABSTRACT

There is uncertainty about the type of mulch to use to reduce sotl nutrient depletion and water loss and at the same time
enhance crop yield that will also be influenced by the materials available locally for use and their management. The
objective of this study was to investigate the effect of mulch application on barley grain yield and physicochemical
properties of soil in Negele Arsi district, Central, Ethiopia. Experimental plots were laid on farmers fields’ in
randomized complete block design by taking farmers field as a replication. Five farms of each with a currently mulched
plot, a year ago mulched plot with perennial mulch and conventional fields as control (15plots of 10m in width and
20m in length in general) were selected for the establishment of the experiment. Subplots of ImxIm at each corner and
a center of each main plot were used for taking barley grain yield and soil data. A total of 30 soil samples collected
from two depth layers: 0-20 and 20—40cm were air-dried and passed through a 2 mm steve to remove roots, and large
organic residues. Sotl organic carbon concentration in the sotl samples was determined by Walkley and Black method.
The soil data were subjected to a two-way ANOV A analysis using the general linear model Procedures of SAS. The
patrwise comparison method was also used to assess the mean difference of the treatment types and depth levels
depending on soil properties. The average barley grain yield obtained from plots mulched with perennial mulch in
2018 (1.52£0.209kg) was higher than plots mulched in 2017 (1.48%0.135kg) and conventional farmland plots
(1.44%£.0962kg). The overall mean SOC stock was found to be higher under plots mulched in
2018(49.8291+17.9301) and lower in soils under conventional farm plots (39.1182+13.5183) than another
treatment type. The highest overall mean of soil carbon stock under plots mulched in 2018 indicates that perennial
mulch might be the remedy for replenishing the declining soil fertility on conventional farmlands and to increase barley
grain yield on a sustainable basis.
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1. INTRODUCTION

The choice of selection of an appropriate
mulching material depends on the local climate, cost-
effectiveness, and crop feasibility (Wang et al., 2015).
Mulching is a very useful practice in rain fed areas for
conserving nutrients in the soil profile (Sharma et al.,
2010). Boosting the number of nutrients retained in the
soil through mulching and limiting nutrient leaching
has positive effects on crop yields (Silver town et al.,
2006). The research conducted by McMillen. (2013)
showed that the addition of mulching materials such as
grass clippings, wheat straw, and debris of leaves of 5-
10cm depth improved soil moisture by 10% compared
to the bare soil. The biological and chemical properties
of soils play an essential role in the regulation of
organic matter decomposition, carbon sequestration,
and nutrient mineralization that are crucial for soil
health (Kader et al., 2017). However, it is still unknown
under which conditions and to what extent changes in
soil organic matter contents are governed Steinmetz et
al.(2016), and furthermore, as reported by Chapman et
al. (2012) having such kind of knowledge is important
for estimating soil carbon stock in intensive agricultural
practices in which most of the mulching materials are
removed at harvest.

Mulching with vegetative materials is a highly
beneficial and widely-investigated agro-technique in
rain-fed areas but the adoption of this practice has been
constrained due to the non-availability of mulch
biomass locally (Sharma et al., 2010). Live mulching
with fast-growing annual green manure legumes like
sun hemp (Crotalaria juncea) or pruning of Leucaena
leucocephala grown as hedgerows can be done for
conserving moisture and nutrient cycling in maize —
wheat cropping system (Sharma et al.,2010). Crop
residues are preferentially used to feed domestic
ruminants (De Ridder et al., 2004; Giller et al., 2009),
so woody vegetation can provide an in situ source of
leaf and branch biomass for soil amendment (Dossa et
al., 2013). Moreover, many studies have confirmed that
various types of living mulch perform differently in
different soil systems (Qian et al., 2015). Therefore,
more research is needed to identify the benefits of
mulching with different types of soil systems (Zhong et
al., 2018). There is a possibility of biomass production
and nutrient cycling through live mulching of in-situ
grown annual legumes as well as perennial leguminous
trees and shrubs as hedgerows along the field bunds
(Sharma et al., 2010). There is still uncertainty about
the type of mulch to use to reduce soil nutrient
depletion and water loss, and at the same time maintain
or enhance crop yield that will also be influenced by
soil type, rainfall intensity, and the materials available
locally for use and their management (Manu et al.,
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2018). The mechanisms by which woody amendments
may provide benefits to soils and crops remain poorly
understood, and no effective agronomic
recommendations on the use of leaf and branch
material currently exist in the South West Africa
context (Félix et al., 2018). Rosa abyssinica is one of
the mulching materials used in Meraro Hawilo kebele.
Kebele is the smallest administrative unit in Ethiopia. It
is categorized under a family of Rosacea, its English
name is Abyssinian rose and in Ethiopia, it is known as
Kega in Amharic language and Gora in Afan Oromo
(Bekele, 2007). As Bekele. (2007) reported Rosa
Abyssinica is ecologically found in Ethiopia in upland
dry evergreen forests and margins or clearings of
forests as well as in bush land and dry grasslands. So
far, so many researches were conducted on different
mulching materials under various agro-climatic
conditions. But the scientific research that investigates
the effect of perennial mulch application on barley
grain yield and physicochemical properties of soil in
Negele Arsi district, Central, Ethiopia was not done
yet. Thus, it is imperative to investigate the effect of
mulch application on barley grain yield and
physicochemical properties of soil in Negele Arsi
district, Central, Ethiopia.

2. MATERIALS AND METHODS
2.1. Description of the study area

The study was conducted in Meraro Hawilo
Kebele, Negele Arsi district of West Arsi Zone, Oromia
Regional State of Ethiopia. Meraro Hawilo is one of the
36 rural kebeles’ of Negele Arsi district found at 32km
distance in the southeast direction of the district’s town
Negele (Fig 1).

The average annual temperature of the study
area varies from 10-27 °C, while rainfall varies
between 500-1150 mm. The area has four distinct
seasons including the dry season (December to
February), the short rainy season (March to May), the
main rainy season (June to August), and the autumn
season (September to November) (ORS, 2004,
unpublished). Meraro Hawilo is one of the kebeles’
found in highland agro ecology. Gara Duro which is the
highest peak (3095m) in the district is found in Meraro
Hawilo kebele (ORS, 2004, unpublished).

Barley is a staple food crop in Meraro Hawilo
kebele. Maize, Bean, Wheat, and Enset are also widely
grown crops in the kebele.

2.2. Research design

Experimental plots were laid on farmers fields’
in randomized complete block design by taking farmers
field as a replication. Three treatments such as
currently mulched plots (in 2018 physical year), a year
ago mulch plot (2017 physical year), and conventional
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farm plots as control were established on farmers
fields’ in five-block; in this case number of block and
treatments was five(5). Five farms of each with a
currently mulched plot, a year ago mulched plot with
perennial mulch and conventional fields as control
(15plots of 10m in width and 20m in length in general)
were selected for the establishment of the experiment
on the farmers’ field at Meraro Hawilo kebele where
mulching with Rosa abyssinica is practiced and known
in a summer season. The current mulch plot is a virgin
land occupied by Rosa abyssinica stand but recently
brought under conservation agriculture while a year
ago mulch plot is a virgin land brought under
conservation agriculture in the past year. Conventional
farmland is the land that was under conservation
agriculture but over time changed to intensive
agriculture.

Subplots of Imx1m at each corner and a center
of each main plot (10x20m) were used for taking barley
grain yield and soil data (Fig 2). Crop in each subplot
was harvested independently and then mixed together
for threshing to get one representative Barley grain
yield sample for each plot. Soil samples were taken at
the depth of 0-20cm and 20-40 cm (Fig 2) by using a
soil core sampler of size 20cm height and 3cm in
radius. The second layer soil sample was taken in the
opposite direction of the first soil layer in order to
avoid the effect of leaching of soil nutrients on the
second layer. A soil sample was collected after barley
crop harvesting completed for analyzing soil pH, soil
textural class, OC%, soil organic carbon stock,
available K, P.,, and MC%. For bulk density, a soil
sample was collected independently by the same
procedure followed for other soil properties and
Corresponding layers, from the five small subplots
within a plot, were mixed together to form one
composite soil sample for each plot independently and
500gm soil from each plot was brought to Wondo
Genet College of Forestry and Natural resource soil
laboratory for analysis.

After gathering information from key
informants on the total number of farmers who practice
mulching with Rosa abyssinica in the village and
characterization of each farm according to its previous
history, a random sampling method was used for the
selection of five farms to be used for laying out
experimental plots. Experimental site selection criteria
took into consideration factors such as availability of
the practice of mulching with Rosa abyssinica by
farmers in nearby places to each other to minimize the
variation of soil characteristics that may arise from
topographic difference, land aspect, altitude, site
history, and others so as to minimize variation among
the treatments and it was guided by the information
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obtained from key informants and personal observation
at the site.

A 2kg barley seed was sown on each of five
current mulch plots, conventional farm plots, and a year
ago mulched plots. Six procedures listed below(1-6)
that are familiar among the farmers for mulching with
Rosa abyssinica were followed for establishing
experimental plots on the farmers’ field: (1) Selection
of pure Barley seed variety,(2)Calling for Self-help
system among farmers ("Dabo"), (3)Lightly
broadcasting of barley seeds by hand over Rosa
abyssinica stand, as a single seed can bear tiller and
cover the whole area,(4) Cutting and distributing of
Rosa abyssinica over the sown seed; cutting of the
branches of larger trees also carried out to minimize
shade effect. Mulching with fresh Rosa abyssinica was
conducted at this stage, (5) Chopping of Rosa
abyssinica into pieces so as to improve germination of
Barley seed and (6) Hand hoeing over bare plots so as
to cover the seed and minimize seed eaten by birds was
the steps followed in general for the establishment of
the experiment.
2.3.Laboratory analysis

A total of 30 soil samples were air-dried and
passed through a 2 mm sieve to remove roots, and large
organic residues. Soil bulk density was determined by
the core method and Soil particle size analysis (soil
texture) was done by the hydrometer method (Islam
KR, and Weil RR, 2000). Soil pH was measured by the
standard method of measuring soil pH with a
suspension of 1 part soil by weight to 2.5 distilled
water using a glass electrode (pH meter) (Karaoz,
1989). Soil organic carbon concentration in the soil
samples was determined according to Walkley and
Black (1934). Christopher et al. (2017) reviewed a
total of 100 publications for which the method used to
calculate SOC stocks was recorded and identified four
different methods, which vary in use of the parameters
BD and rock fragments content. In method one (M1), a
certain volume of soil is sampled, dried, and weighed
to determine BD. Thereby, no separation into fine soil
and coarse soil (rock fragments, roots) fraction is made,
while C concentration is determined in a sieved fine
soil sample (usually < 2 mm). Soil organic carbon
stocks are then calculated as follows:

. _ _mass of sample
MI: BD sampic volume of sample
SOC stocki = SOC con fine soil X, BD sample X depth i
(2)

(1

where BD sample is the bulk density of the total
sample, a mass sample is the total mass of the sample,
volume sample is the total volume of the sample, SOC
stocki is the SOC stock of the investigated soil layer (i)
(Mg ha—1), SOC confine soil is the content of SOC in
the fine soil (%) and depth i is the depth of the
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respective soil layer (cm). This method does not
account for rock fragments at all. In method two (M2),
a certain volume of soil is sampled, dried, and weighed.
However, after sieving, the mass and volume of rock
fragments and coarse roots are determined. The
equations can be simplified by omitting coarse roots,
which is also “common practice”, although the volume
occupied by roots can be considerably high. By
approximating a rock fragments density (p rock
fragments) of 2.6 g cm—3 Don et al. (2007) (root
density is usually assumed to be close to 1 g cm—3),

BD of the fine soil is subsequently calculated as M2:
. Mass sample—Mass rock fragments
BD fine soil - Mass rock fragments 3)
prock fragments

SOC stocki = SOC CONfine soil X BD fine soil ¥ depth I (4)

Thus in M2, coarse soil content is accounted for
in Eq. (3), not in Eq. (4). The opposite is true for the
next method (M3), in which the rock fragments fraction
(vol. %/100), is determined, but only applied to reduce
the soil volume (Eq. 5), and not to determine BD fine
soil.

Volume sample —

M3: Eq. (1), SOC stock; = SOC confine soil x
BD sample x depth ; x (1 - rock fragments fraction) (5).
In method four (M4), the coarse soil fraction is
accounted for in both equations, i.e. to calculate BD
fine soil (Eq. 3) and the volume of the fine soil (Eq. 6)

M4: Eq. (3), SOC stock; = SOC confine soil x
BD fine soil x depth ; x (1 - rock fragments fraction)
(6). For this research purpose, the first methodology
was used as there were no rock fragments in the study
area where experimental plots were established.

The factors that affect the rate of decomposition
of mulch such as soil moisture were measured and soil
characteristics under the experimental plots tested. Soil
moisture content was determined by taking a fresh soil
sample from depths of 0-20cm and 20-40cm in the
experimental field at the end of the summer barley
growing season. Sampled fresh soil was dried, and
weighed in the oven for 24 hours at 1050C. The
gravimetric soil water content was determined using (1)
after weighing the oven-dried soil sample (ICARDA,
2013).

Soil moisture (%)
_ fresh soil weight—dry soil weight

dry soil weight

The Available Phosphorus (Pa.) content was
analyzed using the Olsen method. (1954) also,
extractable K was measured by flame Photometer. The
method uses a neutral ammonium acetate solution (1 N)
to replace the cations present on the soil exchange
complex.

The organic matter content of soil can be
roughly estimated from the total nitrogen content of
soil by multiplying the percent total nitrogen by 20.
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This assumes a 5% N in the organic matter of C: N
ratio of 11:6 since the organic matter is conventionally
assumed to contain 58% carbon. This estimation of the
soil organic matter from the nitrogen content may be as
accurate as from the carbon content. Percent of total
nitrogen=% organic matter/20(Nelson D.W and
E.Sommers, 1982).
2.4. Statistical Analysis

The first test for normality (‘Kolmogorov-
Smirnov’) for the properties of the soil was conducted.
The ANOVA models were utilized to compare the
effect of treatment types and soil depth depending on
soil physicochemical properties using the general linear
model (Proc GLM with Tukey’s HSD) procedures of
SAS software (SAS Institute, 2002). Pearson’s
correlation coefficients were tested for significance
using p < 0.05 as a criterion for significance. The
pairwise comparison method was also used to assess
the mean difference among the treatment types and
depth levels depending on soil properties.

3. RESULTS AND DISCUSSIONS

The result from experimental plots established
on farmers' land indicated that yield obtained from
current mulch plots was on average higher than a year
ago mulched plots, and the least was obtained from
conventional farmland plots (Fig 3). The yield levels of
CA systems are comparable with and even higher than
those under conventional tillage systems Jug et al.
(2005), with respect to all principles of sustainable
agricultural production (Jug et al, 2017). The
principles are reduced use of agrochemicals reflecting
on the biological component of soil and water quality
Laurent et al. (2011), carbon sequestration rate aid
ranging from 0.2 to 1.0 t ha-1 yr-1 Kertész and
Madarasz, (2014), depending on the agro-ecological
conditions and soil management methods Gonzalez-
Sanchez et al. (2017), reducing the workload by 50%,
which allows producers to save time, reduce fuel costs
and machinery (Lindwall and Sonntag, 2010). The
Grand mean of barley grain yield obtained was
1.48+0.15kg from 5m? area of each subplot sampled
from 200m? areas of each main plot. On hectare bases
yield obtained from current mulch, a year ago mulch
plot and conventional farm plot was 3040kg, 2968kg,
and 2880 kg respectively (Fig 3).
3.1 Effect of mulching on soil physical

properties in experimental plots

3.1.1  Soil textural class

The soil textural fractions of sand (p=0.0115)
and clay (p=0.004) showed significant variation with
soil depth. The sand fraction was higher in the current
mulch plot followed by a year ago mulched plot (Table
1). Overall mean sand fraction was lower under
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conventional farm plots compared to the other
treatment types. On the other hand, conventional farm
plots had a higher clay fraction compared to another
treatment type. When fine particles of soil are high,
increasing electrical conductivity causes the instability
of soil structure and might affect the interaction
between soil and crop (Tayel et al., 2010). According to
Powlson et al. (2011), the interactions between soil and
crop are influenced by clay content, temperature and
moisture content of the soil, and oxygen availability in
the soil. About 63.3% of surface soil (0-20cm depth)
had sandy loam character, while 26.7% of subsurface
soil was sandy clay loam. Clay loam and loam soil had
small proportions with about 6.7% and 3.3%
respectively of subsurface soil. The Pearson correlation
coefficient showed that sand fraction was significantly
positively correlated with soil organic carbon
concentration at (p=0.01) while, clay fraction was
significantly negatively correlated with soil organic
carbon concentration and with sand fraction at
(p=0.01). Silt fraction was significantly positively
correlated with soil organic carbon concentration
(p=0.05), available potassium (p=0.01), and
significantly negatively correlated with clay fraction at
(p=0.05) (Table 2). The strong correlation between silt
content and soil organic C reflects the greater water
holding capacity and plant available water of silt-
dominated soils, which, in turn, affect plant
productivity and influence C sequestration in soil.
3.1.2. Soil Moisture Content

There was no significant moisture content
variation with the soil depth (p=0.0816). The results
showed that overall mean soil moisture content was
slightly higher under current mulch plots while the
lowest was observed in conventional farm plots
compared with other treatment types. There was
significant moisture content variation with the
treatment types (p=0.0095). The Pearson correlation
coefficient showed that moisture content was
significantly positively correlated with clay fraction
and bulk density at (p=0.01)and significantly
negatively correlated with available potassium and sand
fraction at(p=0.05) (Table 2).
3.1.3. Soil Bulk Density

The treatment types significantly (p=0.012)
affected soil bulk density. This argument is in line with
Mulumba and Lal, (2008) who reported that the effect
of mulching on soil bulk density varies depending on
the type and properties of the soil, type of mulch,
climate, and land use. Bulk density was higher under
conventional farm plots followed by a year ago
mulched plot compared to another treatment type.
According to Abad et al. (2014); Amanuel et al. (2018)
the soils of agricultural land had the highest bulk
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densities in comparison to other land-use types. Soil
bulk density didn’t show a significant difference with
the soil depth (p=0.089). The lower soil bulk density
under current mulch plots could be related to the higher
organic matter content which increases the soil volume
without affecting its weight and higher bulk density in
conventional farm plots could be attributed to the
impact of repeated tillage which disturbs the soil
structure, causing a compacted surface soil layer.
Yimer and Abdurkadir. (2011) reported that the
application of organic materials from the plant system
leads to a decrease in the surface soil bulk density than
the layer below. Yimer et al. (2006) also indicated that
the compaction resulting from the weight of the top
layer might be the reason for the increased bulk density
in the lower layer. The Pearson correlation coefficient
showed that bulk density was significantly positively
correlated with clay fraction at (p=0.01) and
significantly negatively correlated with soil organic
carbon concentration, and with sand fraction at
(p=0.01) and with available potassium at (p=0.05)
(Table 2).
3.2. Effect of mulching on soil chemical
properties in experimental plots

Soil pH
There was no significant difference in soil pH
with soil depth (p=0.786) and all the treatment types.
The results indicated that the mean soil pH was 5.987
and ranged from 5.07 to 6.67 across the treatment
types. Results showed that the overall mean soil pH
was higher under the current mulch plot and lower
under conventional farm plots compared to another
treatment type. The lowest soil pH was recorded under
conventional farm plots while the highest soil pH was
recorded under current mulch plots of soil depth 20-
40cm in both cases (Table 3).

It was found that soil acidity was higher in
conventional farm plots which might be related to the
addition of a high rate of inorganic fertilizer compared
to current mulch and a year ago mulched plots. The
higher acidity (lower pH) in cultivated land compared
with forest land was probably due to continuous
removal of basic cat-ions by crops, crops’ harvest
enhanced leaching of basic cat-ions and washed away
of exchangeable bases by soil erosion( Amanuel et
al.,2018).

3.2.2 Soil organic carbon concentration

The soil organic carbon concentration showed a
significant difference with soil depth (p<0.0001). The
mean SOC concentration was higher under the current
mulch plot and lower in soil under the conventional
farm plot than other treatment types in the 0-20cm and
20-40cm soil depth, respectively (Table 3). This result
is consistent with Amanuel et al.( 2018) who reported

3.2.1
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that the lower SOC concentration found in the deeper
layer could be related to the reduced amount of the
external inputs into the soil, and animal wastes and
inorganic fertilizers temporarily remain in the top
surface soil rather than going deeper (Alemayehu et
al.,2010). The soil organic carbon concentration also
showed a significant difference with treatment types
(p=0.0004). The overall mean SOC concentration was
higher under the current mulch plot and followed by a
year ago mulch plot while conventional farm plot has
lower overall mean SOC concentration compared to the
other treatment type. According to Manu et al. (2014) a
marked decline in soil C, wet aggregate stability, and
nutrient status occurred as land use changed from forest
to cropping and has suggested that the addition of
mulches could be a way to arrest this decline in the
resource base. Under cereal land cultivation, the low
SOC content may be due to frequent harvesting by
crops which thereby perpetually remove the nutrients
from the soil (Fermont et al. 2008; Haileslassie et al.
2005). Generally, it has a decreasing trend with soil
depth.
3.2.3 Total Nitrogen

The available Nitrogen showed a significant
difference with soil depth (p<0.0001). The mean
available Nitrogen was higher under the current mulch
plot and lower in soil under the conventional farm plot
than other treatment types in the 0-20cm and 20-40cm
soil depth, respectively (Table 3). The available
Nitrogen also showed a significant difference with
treatment types (p=0.0004). The overall mean available
Nitrogen was higher under the current mulch plot and
followed by a year ago mulch plot while conventional
farm plot has lower overall mean available Nitrogen
compared to the other treatment type. According to
Abadi et al. (2014), the highest value of total nitrogen
was observed for forests and significantly differs from
pasture land and cultivated land. Generally, it has a
decreasing trend with soil depth.

3.2.4 Available potassium (K)

There was no significant difference of available
potassium (K) with soil depth (p=0.076) and all the
treatment types (p=0.086). The mean available
potassium (K) was higher under a year ago mulch plot
and lower in soil under conventional farm plot than
other treatment types in the 0-20cm and 20-40cm soil
depth, respectively(Table 3). The overall mean
available potassium (K) was found to be higher under
the current mulch plot and lower in soils under
conventional farm plots than another treatment type.
According to Abadi et al. (2014), the highest value of
available potassium was observed for forests and
significantly differs from pasture land and cultivated
land. The Pearson correlation coefficient showed that
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available potassium was significantly positively
correlated with soil organic carbon concentration at
(p=0.05) (Table 2).

3.2.5 Available phosphorus (P)

There was no significant difference of available
phosphorus (P) with soil depth (p=0.188) and all the
treatment types (p=0.753). The mean available
phosphorus (P) was higher under the current mulch plot
and lower in soil under a year ago mulch plot than
another treatment type in the 0-20cm and 20-40cm soil
depth, respectively (Table 3). The overall mean
available phosphorus (P) was found to be higher under
the current mulch plot and lower in soils under a year
ago mulch plots than another treatment type. The
Pearson correlation coefficient showed that available
phosphorus was significantly positively correlated with
soil organic carbon concentration at (p=0.05) (Table 2).
3.2.6 Soil organic carbon stock

The result showed that mean SOC stock was
highly influenced by soil depth (p<0.0001). The mean
SOC stock was higher under the current mulch plot and
lower in soil under the conventional farm plot than
other treatment types in the 0-20cm and 20-40cm soil
depth, respectively (Table 3). The overall mean SOC
stock was found to be higher under the current mulch
plot and lower in soils under conventional farm plots
than another treatment type. Worldwide, CA has been
promoted as a strategy to enhance soil fertility, increase
soil organic C (SOC), and reduce greenhouse gas
emissions Derpsch et al. (2010) besides reducing
production costs (Johansen et al. 2012). The Pearson
correlation coefficient showed that soil organic carbon
stock was significantly positively correlated with
available Phosphorus (p=0.01) and a sand fraction
(p=0.05) and significantly inversely correlated with
clay fraction (p=0.01) (Table 2).

4. CONCLUSIONS AND
RECOMMENDATIONS

4.1. Conclusions

In general, the highest overall mean of carbon
concentration and stock under current mulch indicates
that integration of perennial mulching with other
modern agricultural technologies and packages might
be the remedy for replenishing the declining soil
fertility on conventional farmlands to increase barley
grain yield on a sustainable basis. The absence of
addition of organic matter from perennial crops and
removal of the crop residues from cultivated land
during crop harvesting and continuous tillage practice
might be the reason for lower soil carbon and nutrients
on conventional farmlands as well as for subsequent
low barley grain yield.
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Farmers mulched with Rosa abyssinica to get high
barley grain yield with low external input, for its
moisture retention capacity, nutrient conservation, zero
erosion, and higher carbon content, which made it
preferable climate-smart technology for smallholder
farmers in the study area.

4.2, Recommendation

Integration of indigenous knowledge of
perennial mulching with modern scientific technology
should be considered in agricultural technology
dissemination through agricultural extension, to
promote conservation agriculture to the wider public.
Different agronomic practices that boost total nitrogen,
soil organic carbon, available phosphorus, and
potassium in the system should be considered when the
land is intensively cultivated.

The practice of mulching with Rosa abyssinica
was reduced in the study area in the past decade,
because of the reduction of mulching materials that
resulted from various anthropogenic  factors.
Consequently, shrinking of landholding size of farmers
was happened; so that mulching with ex-situ grown
Rosa abyssinica and future research on alley cropping
by introducing it to conventional farmland and ensuring
clear land tenure and as well as the creation of many
other livelihood alternatives for youth is suggested
solutions so as to ensure the sustainability of the
practice of mulching with Rosa abyssinica in the study
area.
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Fig 2: Field plots establishment procedure for barley and soil physiochemical properties (at depth of
0-20cm and 20-40cm) measurement
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Fig 3: Mean yield in kilogram per treatment of conservation agriculture verses conventional farm land
from experimental plots
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LIST OF TABLES
Table 1: Mean ((+standard deviation) of the soil physical properties across the treatments (0-40cm)
Response Soil Treatments overall
variable depth Current mulch Year ago Conventional
(cm) plot mulched plot farm plot
Sand% 0-20 63.6a+3.85 59.6ba+5.37 59.6ba+3.85 60.93+4.53
20-40 59.6ba+5.18 54.8bc+5.40 49.6c+8.99 54.67+7.55
Overall 61.6a+4.79 57.2a+5.67 54.6a+8.38
Clay % 0-20 12.0c+ 2.83 10.8c+ 2.28 16.0bc+ 3.16 12.93+£3.45
20-40 16.4bc+ 5.18 22.0ba+6.78 26.0a+9.06 21.47+7.80
Overall 14.2a+4.57 16.4a+7.59 21.0a+8.29
Silt % 0-20 24.4b+ 1.67 29.6a+ 3.85 24.4b+ 3.29 26.13+3.82
20-40 24.0b+ 6.00 23.2b+ 1.79 24.4b+3.58 23.87+£3.89
Overall 24.2a+4.16 26.4a+4.40 24.4a+3.24
BD(g/cm?3) 0-20 0.44b+0.05 0.468ba+0.13 0.57ba+0.11 0.49+0.11
20-40 0.48ba+0.04 0.55ba+0.17 0.59a+0.07 0.55+0.11
Overall 0.46a+0.05 0.51ba+0.15 0.58b+0.08
MC% 0-20 20.04b+1.71 18.08b+2.56 17.59b+ 1.35 18.57+2.11
20-40 20.86ba+0.62 19.31ba+2.98 18.69ba+1.07 19.62+1.97
Overall 20.45b+1.29 18.69ba+2.69 18.15a+1.29

The mean values followed by the different letters across rows are significantly different (p < 0.05)

Table 2: Pearson correlation matrix for soil physiochemical properties (0-40cm)

%0C k(ppm) p(ppm) pH % sand % clay % silt MC%
%0C 1
k(ppm) 0.385* 1
p(ppm) 0.437* 0.081 1
pH 0.339 0.234 -0.079 1
% sand 0.569** 0.042 0.116 0.049 1
% clay -0.734** -0.294 -0.298 -0.126  -.847** 1
% silt 0.371* 0.473** 0.351 0.148 -0.169 -0.380* 1
Bulk -0.511**  -0.420* 0.069 -0.29  -0.514**  0.557** -0.14
density
MC% -.489%* -0.430* 0.08 -0.269  -0.444* 0.488** -0.133 1

** Correlation is significant at the 0.01 level (2-tailed),* Correlation is significant at the 0.05 level (2-tailed)
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Table 3: Mean ((xstandard deviation) of the soil chemical properties across the treatments (0-40cm)

Response Soil Treatments overall

variable depth  Currentmulch  Yearago Conventional
(cm) plot mulched plot farm land plot

0C% 0-20 6.74a+ 1.057 5.76a+0.89 4.39b+0.65 5.63+1.29
20-40 4.09bct 1.62 2.88cd+0.69 2.40d+0.32 3.12+1.20
overall 5.41a+1.90 4.32ab+1.69 3.39b+1.15

K(PPM) 0-20 368.60a+276.82 396.00a+156.36 167.40a+145.99 310.67+£214.71
20-40 263.40a+187.04 190.00a+169.11 165.80a+179.92 206.40+171.06
overall 316.00a+229.52  293.00a+188.05 166.60a+154.47

P(PPM) 0-20 5.70at 1.77 4.75a+ 1.35 5.57a%3.69 5.34+2.35
20-40 4.43a+6.49 2.87a%3.02 3.21a+ 1.99 3.50+4.03
overall 5.06a+4.53 3.81a+2.42 4.39a+3.06

TN% 0-20 0.58a+0.09 0.49ax 0.07 0.38b+0.06 0.49+0.11
20-40 0.35bc+0.14 0.25c¢d+0.06 0.21d+0.03 0.27+0.10
overall 0.47ax0.16 0.37ab+0.15 0.29b+0.09

pH 0-20 6.08ax0.42 6.01a+0.24 5.91a+0.10 6.00+0.27
20-40 6.18a+0.36 5.91a%0.28 5.82a+0.48 5.97+0.39
overall 6.13a+0.37 5.96a+0.25 5.87a+0.33

SOC(mg/ha)  0-20 59.54a+12.61 52.32bat6.74 49.64ba+11.05 53.83+£10.59
20-40 40.12bc+18.13 30.27c+3.95 28.59¢c+3.49 32.99+11.38
overall 49.83a+17.93 41.29a+12.74 39.12a+13.52

The mean values followed by the different letters across rows are significantly different (p < 0.05)
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