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Abstract: Barley straw serves as livestock feed and mulch for soil and water conservation in the
mixed barley-livestock systems of the Ethiopian highlands. High demand for barley straw biomass in
the system creates competition between the two uses. This study aimed to identify the determinants
of the utilization of barley straw for mulch and feed. Data on the production and use of barley
straw were collected from 236 households using a structured questionnaire. Use of the straw for
the purposes of soil mulch at three levels, 0–15% (marginal mulching), 15–35% (optimal mulching),
35–100% (over-mulching), was analyzed using a multinomial logit model. The optimal proportion of
barley straw used as soil mulch was positively affected by the educational level of the household head,
family size, distance between cropping land and homestead, number of equines in the household
and amount of straw production. Female-headed households were more likely to mulch less than
the optimal amount of barley straw. In general, the more the farmer’s exposure to formal extension,
the less the proportion of barley straw used for soil mulching. This study provides guidance for the
proportional utilization of barley straw. This will contribute to the design of appropriate biomass
utilization strategies in barley-livestock farming systems.

Keywords: barley; barley-livestock farming system; livestock; straw

1. Introduction

Mixed crop-livestock farming systems are the backbone of farmers’ livelihoods in
developing countries [1,2]. In these systems, the use of crop residues is important for
various uses that include soil mulching and livestock feeding [3]. In cereal-based crop-
livestock systems, residues include stover and straw from cereal crops after harvesting the
grain. The retention of such residual biomass in crop fields has the potential to improve soil
quality by reducing surface runoff, enhancing soil moisture, improving soil structure and
potentially suppressing weed growth [4]. However, mixed crop-livestock farming systems
typically use crop residues for livestock feed. This often becomes increasingly important
due to the expansion of cropland, low productivity of natural pasture and prevailing
livestock feed scarcity [5]. In the Ethiopian highlands where crop-livestock systems are
prevalent, the contribution of straw to the total dry matter fed to livestock ranges from 10%
to 70% [5]. The efficient utilization of straw resources will decrease soil erosion, enhance
soil fertility, improve livestock feed supply, decrease pollution, produce biofuels and create
jobs in rural societies. In Ethiopia, the barley-livestock farming system is predominantly
found in the Central Highlands [6].
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Barley is a major food crop in the highland areas of Ethiopia. The annual main season
area covered by barley crop is 0.92 million ha, making up 13% of the total area in the
country [7]. This system includes tree crop production with the emergence of apples and
small backyard garden patches. Sheep are the dominant livestock type, with one or two
cattle for milk production and equines for the transportation of goods. Livestock is fed
mainly on natural pasture, rangelands and barley straw. Agricultural activities and petty
trade are important sources of income. Poverty is severe in these systems with deteriorating
food security [6]. The pressure on the barley-livestock farming system is increasing due
to the increase in human and livestock populations, income and rate of urbanization [1].
These challenges tend to intensify land use, which results in the continuous cultivation of
cropping lands without fallowing [8,9]. Without suitable investments in agricultural land
management, this may contribute to land degradation and the deterioration of productiv-
ity [10]. It has been reported that leaving 30% of the straw on crop farm plots decreases soil
erosion by up to 80% [11]. Barley straw is a key resource in mixed crop-livestock systems
in the country. Production of 1 metric ton of barley grain is accompanied by 1.2 metric
tons of straw. Barley straw has a better nutritive value compared to wheat straw with an
average of 90.9% dry matter, 3.8% crude protein and 6 MJ metabolizable energy per kg of
dry matter [12]. However, it is rich in lignocellulose and poor in calcium and phosphorus.
Ruminant animals have the ability to utilize barley straw since the ruminal microbes have
the ability to ferment cell walls. Caecal microbes in equines also have the ability to digest
fiber [12,13].

Maize crop residue (i.e., stover) is also used for soil mulching and livestock feeding in
Ethiopia. Extension outreach has been shown to encourage farmers to leave more maize
stover on crop plots. Farmers who keep more livestock in the household were more likely
to use more maize stover for feed and less for soil amendment. Cropping pattern, farm size,
agro-ecology and crop residue production affect maize stover use in the mixed farming
systems of Ethiopia [14]. The use of cereal and pulse straw by smallholder farmers in
mixed farming systems in Ethiopia has also been studied [15]. The use of cereal and pulse
straw for soil amendment was positively influenced by the education level of the farmer,
the distance between the homestead and the cropping plot, extension service, awareness
about soil amendment, the cropping plot slope, farmer-to-farmer extension and the stock
of crop residue [15].

Farming at higher slopes without leaving crop residues as mulch can accelerate soil
erosion [16]. One of the impacts of soil erosion is the loss of soil productivity over time.
Therefore, the cost of soil erosion can be conceptualized as the monetary value of reduced
crop yield(s) resulting from lost soil productivity. In Ethiopia, the estimated cost of soil
erosion assuming a soil loss rate of about 20 metric tons per hectare per year is an average
of a 0.4% annual decline in value for all cereals [17]. The impacts of soil erosion are not
just for one year but can continue over multiple years until erosion is reduced through soil
conservation measures such as mulching of crop residues [18].

While prior research has identified factors that encourage or discourage Ethiopian
farmers from using crop residues for soil conservation, the focus so far has been on
pulses, corn grain and other cereals. No studies have evaluated straw use exclusively for
barley-livestock systems in Ethiopia. Therefore, this study aims to fill this knowledge gap
around the challenges to using the optimal proportion of barley straw as mulch and as
livestock feed/bedding by Ethiopian highland farmers. The objectives of our research are
to (1) determine the relative values of use of barley straw as mulch for reduced erosion
compared to use as livestock feed/bedding and (2) identify the characteristics of farmers
more or less likely to use barley straw as mulch for soil conservation and as feed for
livestock feeding. This can help agricultural extension and other stakeholders design more
targeted approaches to encourage farmers to use the optimal proportion of barley straw as
mulch and as livestock feeding.
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2. Material and Methods
2.1. Study Area and Data

The study was conducted in cereal-based farming systems of six districts of Oromia
Regional State, Ethiopia. These sites represent highland regions of the country that have the
potential for barley production. The average minimum temperature ranges between 6–17
◦C and the average maximum temperature between 20–36 ◦C. The mean annual rainfall
varies between 900 to 3800 mm (Table 1). Barley is grown between June and December.
The dominant soil type of the locations is loam soil, sandy soil, black vertisols, red nitisols
and camisols. The sources and provision mechanisms of agricultural extension services
are similar across the districts only the skills of the extension workers vary. A total of
236 households randomly selected from 12 farmer associations within six districts were
interviewed (Table 1, Figure 1). Households within each farmer association were selected
using a proportionate-to-size sampling method. Data from farmers, including household
characteristics and barley straw allocations, were collected using a structured questionnaire.
Barley straw was calculated by a straw-to-grain ratio of 1.2 [19].

Table 1. Description of sites and distribution of households surveyed.

Zone District Village N Altitude Temp (◦C) Rainfall
(mm)

West Arsi
Kofele Germama 21

2700 19.5 1800
Guchi 21

Oromia
Sululta Nono Sayo 8

2450 16.5 1060
Waresa Malema 9

North Shewa
Degem Digalu Kidame 26

2878 18.5 1118
Digalu Bora 12

Arsi

Tiyo Dosha 19
2200 19.5 1118

Hora Bulbula 22

Lemu Bilbilo Lemu 26
2567 16 1100

Chiba Mikael 29

Degaluna Tijo Digalu Kidame 27
2700 17.5 2750

Digalu Bora 12

2.1.1. Erosion Cost and Mulch Value Calculations
Straw Value as Feed and Mulching

It has been reported that leaving 30% of crop residue in the cropping plot after harvest
would decrease soil erosion by 80%. Using lower than 15% of barley straw for soil mulching
would lead to soil deterioration while using more than 35% would be a waste of biomass.
Thus, the allocation of barley straw to soil mulch was recoded into an ordinal variable, 1 if
it was between 0% and 15%, 2 if it was between 15 and 35 and 3 if higher than 35%.

Data on the value (cost) of one metric ton of straw for feeding and straw yield per ha
were collected using questionnaires and the straw value per ha in USD/ha/yr (Etb/ha/yr)
was estimated by multiplying the straw yield by the mean value (cost) per metric ton.

The difference in total cost per ha for farmers not using versus using barley mulch
was considered the present value of straw for mulching.

The future value of straw for mulch was estimated from the present value by consider-
ing a 10% discount rate and summing up the entire stream of values from all the years in a
future time horizon of 10 years. An infinite time horizon was assumed for the computation
of gross discount future value: some researchers used 100 years [17], 25 years [20] or
10 years as the time horizon [21]. There was no specific or standard time horizon; therefore,
10 years was used for this study as a time horizon.



Sustainability 2021, 13, 5879 4 of 13

Sustainability 2021, 13, x FOR PEER REVIEW 3 of 13 
 

2. Material and Methods 
2.1. Study Area and Data 

The study was conducted in cereal-based farming systems of six districts of Oromia 
Regional State, Ethiopia. These sites represent highland regions of the country that have 
the potential for barley production. The average minimum temperature ranges between 
6–17 °C and the average maximum temperature between 20–36 °C. The mean annual rain-
fall varies between 900 to 3800 mm (Table 1). Barley is grown between June and December. 
The dominant soil type of the locations is loam soil, sandy soil, black vertisols, red nitisols 
and camisols. The sources and provision mechanisms of agricultural extension services 
are similar across the districts only the skills of the extension workers vary. A total of 236 
households randomly selected from 12 farmer associations within six districts were inter-
viewed (Table 1, Figure 1). Households within each farmer association were selected us-
ing a proportionate-to-size sampling method. Data from farmers, including household 
characteristics and barley straw allocations, were collected using a structured question-
naire. Barley straw was calculated by a straw-to-grain ratio of 1.2 [19]. 

Table 1. Description of sites and distribution of households surveyed. 

Zone District Village N Alti-
tude 

Temp 
(°C) 

Rainfall 
(mm) 

West Arsi 
Kofele Germama 21 

2700 19.5 1800 
 Guchi 21 

Oromia 
Sululta Nono Sayo 8 

2450 16.5 1060 
 Waresa Malema 9 

North Shewa 
Degem Digalu Kidame 26 

2878 18.5 1118 
 Digalu Bora 12 

Arsi 

Tiyo Dosha 19 
2200 19.5 1118 

 Hora Bulbula 22 
Lemu Bilbilo Lemu 26 

2567 16 1100 
 Chiba Mikael 29 
Degaluna Tijo Digalu Kidame 27 

2700 17.5 2750 
 Digalu Bora 12 

 
Figure 1. Ethiopian municipalities used for farmer surveys.

Straw Value and Erosion Cost Calculations

The study area required quantifying soil loss. Soil loss was estimated using the
universal soil loss equation (USLE) [22] adapted to Ethiopia [23].

A = R*K*L*S*C*P (1)

where A is the estimated soil loss (metric tons/ha/year), R is the rainfall erosivity factor,
K is the soil erodibility factor, L is the slope length factor, S is the slope gradient factor; C
is the land cover factor and P is the management practice factor. The erosivity factor (R)
was calculated based on tabular values [18] used specifically for Ethiopia [19] based on
long-term annual rainfall (P) and defined as

R = −8.12* + (0.562*P). (2)

The rainfall data in Table 1 were used as long-term annual rainfall (P) for this calcu-
lation. The tabular values for the soil erodibility factor (K), slope length factor (L), slope
gradient factor (S), land cover factor (C) and management practice factor (P) were also
determined using values adapted for Ethiopia [23]. A summary of the range of values used
for this calculation is presented in Table 2.

Table 2. Summary of the range of values used for calculating erosion.

Factors Range of Value Used

Rainfall erosivity factor(R) 586–1532
Soil erodibility factor (K) 0.15–0.25
Slope length factor (L) 0.5–3.8
Slope gradient factor (S) 0.4–4.3
Land cover factor (C) 0.001–0.4
Management practice factor (P) 0.5–1
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Higher soil erosion for farmers not using barley mulch versus those using it can result
in 0.4% lower crop yields for un-mulched systems [16]. The annual cost of erosion was
estimated by multiplying the amount of such soil loss measured in metric tons (t) per
hectare (ha) by the value of crop losses attributed to such soil loss. The total monetary
value of both grain and straw yield reduction from soil erosion was estimated to be USD
5.20 for an assumed soil loss of 20 t/ha [16]. Thus the value of reduced barley grain and
straw yield of USD 5.20 divided by 20 t/ha equals USD 0.26/t (Etb 10.65/t) of eroded soil.
This is the estimated present monetary cost per one metric ton of soil loss. The difference
in monetary value (USD 12.69 − 8.14 = 4.55 or 524 − 336 Etb = 188 Etb) per ha for farmers
not using versus using barley is conceptually the present value of using straw mulch for
preventing yield loss.

The future monetary costs of not using straw mulch are the successive losses in crop
yield and the values expected in future years discounted to the present day. We used the
standard formula for discounting future values to present value (PV):

PV = FV × (1/(1 + r)n) (3)

where FV is a future value of the cost of erosion, r is the assumed discount rate of 10% and
n is the time period into the future whose FV is being discounted to the present day.

2.1.2. Empirical Analysis

The theoretical framework adopted for this study is based on the random utility model.
The model is described as follow:

U = Xβ + ε (4)

where U is a farmer’s decision on barley straw utilization, X is the explanatory variable,
β is the parameter to be estimated and ε is the error term associated with the estimation.
Assuming Yia and Yib are the farmer (i) selections on the three levels of barely straw
mulching, which are based on the utilities obtained from them, they can be presented as
Uia and Ubi. The option picked by the farmer (i) between the three uses reveals which one
has a higher utility; however, the farmer’s utility is latent. Thus, the observed indicator is
equal to 1 if Uai > Ubi and 0 if Uai ≤ Ubi. This is specified as:

Ua
i = Xiβia + `ia (5)

Ub
i = Xiβib + `ib (6)

Given the proposition that a farmer prefers the option with the highest net benefit, the
observable discrete choice option is related to the latent continuous dependent variable as
specified in the equation:

Yia


1 i f Ua

i > Ub
i

0 i f otherwise
(7)

Thus, Yia is a binary dependent variable and takes the value 1 if farmer (i) adopts
option (a) over others; and 0 if otherwise [24]. The probability that farmer (i) will choose
option (a) over other options is given as follows:

P(Yia = 1|X) = PUa
i > Ub

i (8)

Integrating Equations (2) and (3) into Equation (5) results in the following equation:

P(Yia = 1|X) = P(Xβia + `ia − Xiβib − `ib > 0|X)
= P[(βia − βib)Xi + `ia − `ib > 0|X]
= P(β∗Xi + `∗ > 0|X = F(β∗Xi)

(9)
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where β∗ is a vector of the parameters to be estimated, `∗ is a disturbance term, F(β∗Xi)
is a cumulative distribution of the disturbance term evaluated at β∗Xi. Depending on
the distribution of the random disturbance term, the linear probability, Logit or Probit
are suitable qualitative choice models for such a scenario. Provided that the identified
options are more than two, the multinomial logit and multinomial Probit models are the
most applicable econometric models. The multinomial Logit model is widely used in
determining the influence of explanatory variables on a dependent variable with multiple
but unordered categories of options [25]. The explanatory variables of the regression model
are presented in Table 2. Data were analyzed using R [26].

3. Results
3.1. Descriptive Analysis

Table 3 summarizes the socioeconomic and biophysical characters of the households
included in the current study. The households produced ~8 metric tons of barley straw on
average. Of the households, 50% reported leaving some of their straw on the plots as soil
mulch while only 14.4% of the households reported that they allocated more than 30% of
the barley straw biomass for soil mulching. About 95% of the households reported using
barley straw for livestock feeding. The correlation between the allocation of barley straw
to soil mulch and livestock feeding was strong and negative (r = −0.9, p < 0.001). In total,
77% of the households used less than 15% of their barley straw for soil mulching, 11.5% of
the households mulched 15–45% of the barley straw while 11.5% of them mulched more
than 45% of the barley straw.

Table 3. Explanatory variables used in the empirical models.

Variable Unit Mean Std. Dev.

Household head
Age Years 41 12
Gender (Female) % 14
Education Years of formal schooling 6 3
Family size Persons 7 4
Cultivated land
Land area Ha 2.7 1.7
Distance to homestead Minutes of walking 16 12
Slope (1 to 3) 1.8 0.8
Livestock (heads)
Small ruminant Head 5 5
Cattle Head 6 3
Equine Head 1 1
Aggregated livestock units Tropical livestock units [25] 5 3
Extension
Number of friends and
relatives Persons 16 9

Official extension % 55
Straw
Straw production T 7.89 4.07
Straw price Etb/kg 1.7

Etb, Ethiopian birr; 1 USD = 36 Etb (2018) exchange rate at the year of the study.

Table 4 shows that the overall soil loss in the study area was 46.7 metric tons (t)/hectare
(ha)/year (yr), the main annual soil loss in metric ton per hectare for those farmers that did
not use barley straw for soil mulch in the study area was 49.2 t/ha/yr, which is the mean
annual soil loss for farmers using barley straw as a mulch was 31.5 t/ha/yr. The result
shows that farmers who did not use barley straw for soil mulch had an average cost of
USD 12.67 (Etb 524) per hectare of land per year and those using barley straw for mulching
had a cost of USD 8.13 (Etb 336)/ha/year.
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Table 4. Soil loss in metric tons (t) per hectare (ha) per year (yr) and erosion costs for Ethiopian
barley-livestock systems with and without barley straw mulch.

Mulch
Soil Loss
(t/ha/yr)

Annual Cost Costs Over 10 Years

Ethiopia
birr/ha/yr USD/ha/yr Ethiopian

birr/ha/yr USD/ha/yr

Not used 49.2 524 12.69 8122 196.66
Used 31.5 336 8.14 5208 126.10
Total 46.7 498 12.13 7719 186.90

The cost of straw per metric ton in the study area at the local market was USD 41.16
(Etb 1700) and the yield of straw per ha was 2.9 metric tons. The total cost of straw for
feeding per hectare was estimated at USD 119.37 (Etb 4930). The cost of straw per ha used
as soil mulch in the first year was estimated at USD 4.55 (Etb 188) but this value increased
to USD 70.56 (Etb 2914) in 10 years (Table 5).

Table 5. Estimated monetary value of barley straw per ha when it was used for feed and mulch.

Value of Barley Straw
Monetary Value for 1 Metric Ton of Barley Straw

Ethiopian birr/ha USD/Metric Ton

Feed 4.930 119.37
Mulch (present value) 188 4.55
Mulch (future values
discounted over 10 years) 2914 70.56

3.2. Empirical Analysis

The effect of the socioeconomic and biophysical characteristics of households on the
use of barley straw for soil mulching is presented in Table 6. The higher the education level
of the household head and the larger the size of the household, the higher the probability
to use the optimum amount of barley straw for soil mulching. The further the farming plot
from the homestead, the higher the probability of optimizing barley straw mulching. The
more equines kept within the household, the higher the probability of optimizing barley
straw mulching. More exposure to formal extension is associated with a lower probability
of using the optimal amount of straw for soil mulching. The more the straw production,
the higher the probability that the farmer would use the optimal amount of barley straw
for soil mulching. The wastage of barley straw as soil mulch was negatively associated
with household head age but positively associated with family size. The decrease in the
probability of wasting barley straw as soil mulch is associated negatively with exposure to
formal agricultural extension. The more the production of barley straw in the household,
the higher the probability of over-mulching the barley straw.

Table 6. Multinominal Logit regression analysis of the use of barley straw for mulching as a function of household
characteristics.

Explanatory Variables Coefficient (Standard Error)

Household Head 15–35% of Barley Straw Used for Soil
Mulch

35–100% of Barley Straw Used for Soil
Mulch

Age −0.042 (0.03) −0.157 (0.064) **
Sex (Female) −5.88 (2.52) ** −3.2 (3.66)
Education −0.197 (0.1) ** −0.031 (0.125)
Size 0.108 (0.066) * 0.231 (0.112) **
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Table 6. Cont.

Explanatory Variables Coefficient (Standard Error)

Household Head 15–35% of Barley Straw Used for Soil
Mulch

35–100% of Barley Straw Used for Soil
Mulch

Cultivated land
Land area −0.364 (0.251) −0.079 (0.292)
Distance to homestead 0.175 (0.038) *** 0.289 (0.054) ***
Slope −0.622 (0.44) −0.867 (0.582)
Livestock
Small ruminants 0.036 (0.052) 0.049 (0.084)
Cattle 0.218 (0.122) 0.201 (0.194)
Equine 0.059 (0.225) * −1.35 (0.486)
Extension
Number of friends and relatives −0.001 (0.023) −0.008 (0.05)
Official extension −1.06 (0.59) ** −2.33 (0.948) **
Straw
Straw production 0.026 (0.009) *** 0.039 (0.012) ***
Straw price 0.031 (0.033) −0.013 (0.056)
Model good of fitness
Correctly predicted (%) 88
Log−likelihood −79.4
Chi square test 210 ***
Pseudo R2 0.684

*, **, ***: significant at 0.1, 0.05 and 0.01 respectively.

4. Discussion

Soil erosion is a key limitation to soil fertility and thus crop production in developing
countries. Up to 30% of soil cover by crop residue mulch can reduce soil erosion by 80% [23].
Half of the households in the study did not leave any barley straw for soil mulch. Only 14%
adhered to the soil mulching recommendations issued by extension services. In line with
our results, previous studies reported on farmers’ low interest in applying crop residue soil
amendment [14,15]. Thus soil fertility and biomass productivity of crop plots can be prone
to gradual deterioration from soil erosion. To avoid that, farmers should be encouraged to
mulch adequate amounts of barley straw to preserve the fertility of their cropping plots.

One tropical livestock unit requires roughly 7.5 kg of dry matter daily [27]. In the
current study, the households thus required a total of 13.1 metric tons of dry matter to
feed their livestock. However, barley straw production per household was only 7.1 metric
tons of dry matter. If barley straw is the main forage available for livestock, the demand
for barley straw for both livestock production and soil conservation is far higher than the
production, especially in the case of deterioration in biomass and nutritive value of natural
pastures. The strong correlation between the use of barley straw for livestock feeding and
soil mulch in the current study confirms this high pressure. The high pressure on crop
residues for livestock feeding and soil mulching was reported for maize-livestock systems
in Ethiopia [4,14]. Given the limited resources of most farmers in the region, optimization
of the use of barley straw for soil mulch and livestock feeding is warranted.

4.1. Soil Erosion Loss

The overall soil loss in the study area was 46.7 metric tons (t)/hectare (ha)/year (yr),
which is a severe soil loss area according to [28]. Our soil erosion estimates were lower
than the range of 84 to 300 t/ha/yr reported by some studies [29–33]. They were consistent
with soil losses of 42 to 47.3 t/ha/yr reported by others [28,34–36], yet higher than other
measurements of 10 to 31 t/ha/yr [17,37–44]. This may be due to the intensification of
agricultural production in the study area. The mean annual soil loss for those farmers that
did not use barley straw for soil mulching in the study area was 49.2 t/ha/yr, which is
higher than the overall soil loss, whereas the mean annual soil loss for farmers using barley
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straw as mulch was 31.5 t/ha/yr. This means that using barley straw for soil mulch is asso-
ciated with a reduction in soil loss of 17.7 t/ha/yr, or 36%, compared to not using barley
straw for mulching in our study. Factors such as heavy concentrated rainfall, steep topog-
raphy, deforestation, over-grazing, use of marginal land and agricultural intensification
can accelerate soil erosion in mixed crop-livestock farming systems in Ethiopia [27,45].

In the first scenario, by considering the short-term impact of soil mulch, most farmers
would prefer using barley straw for feeding rather than mulching, which is the case of
our study. If the farmers left 30% of straw yield on the plot, they would indirectly lose
USD 35.81 (Etb 1479)/ha/yr, or 30%, of the total value of barley straw when it is used for
feeding since the estimated value of barley straw when used for feeding is USD 119.37 (Etb
4930). That amount is much higher than the cost reduction of USD 4.55 (Etb 188)/ha/yr
from using barley straw for soil mulch. That figure is valid when only the present value is
considered but when the future value is considered, the value of using barley straw for
mulch would become USD 70.56 (Etb 2914).

In the second scenario, the long-term effect of using barley straw for mulching was
not valued by the farmers in the study area. This is clearly because the farmers are not fully
aware of the long-term cost of soil deterioration on grain yield and straw yield.

4.2. Empirical Analysis

Female-headed households were more likely to mulch less barley straw in the cropping
land. In addition to that, the increasing education of the household head lowered the
probability of optimal mulching. This is in agreement with the authors of [14,15] who
found an effect of household socioeconomic characters on crop residue use in the mixed
farming systems.

4.2.1. Distance

According to a previous study [46], the ability of farmers to carry materials to and
from the cropping land affects the probability of optimal mulching. Farmers economize
their labor by using barley straw as feed/bedding only when the fields are close enough.
Our results deviate from prior research that has reported that farmers mulched crop fields
less for fields that were farther from their homesteads [4,14,15] or shown that there is no
significant effect of distance on soil mulching [47]. Unlike past studies, our results suggest
that soil erosion may be more aggravated closer to farm homesteads since soil mulching
there is less compared to more remote fields. Such an imbalance in the distribution of
crop residues highlights the need for more even spreading of barley straw residues in the
Ethiopian highlands for better carbon cycling and soil conservation. The farms that are
closer to the homestead thus tend to have less barley straw as soil mulch and are, therefore,
more prone to erosion. Farmers with more remote plots tend to leave excess amounts of
barley straw as mulch, which is a wastage of biomass.

4.2.2. Role of Extension

Our results highlight the significance of agricultural extension in encouraging the
use of barley straw as mulch in mixed farming systems. Similar results were found by
other researchers [14,15,19,48–52] on the importance of extension when it comes to farmer
adoption of conservative agricultural practices. Extension outreach can also help encourage
more efficient use of equines to transport crops and crop residues. Our current study shows
that the farmers who have more equines, which is the only way to efficiently transport
farm products in Ethiopia, were better at optimizing the use of barley straw for soil mulch.

Extension workers thus could improve the profile of barley straw use by encouraging
the culture of equine exchange within mixed farming systems. This would help the farmers
with remote cropping plots to carry more straw to the household to feed the livestock
and leave the optimal amount on the plot as soil mulch. Plot slope did not influence
farmers’ intention to increase the use of barley straw as soil mulch. This is in contrast
with other studies [14,15], which found a positive association between plot slope and the
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use of crop residues for soil mulch. Steeply sloped plots in barley-livestock systems in
Ethiopia are prone to severe soil erosion as they do not receive optimal amounts of straw
mulch. Households with fields on greater slopes need more extension service outreach
on the importance of soil mulching when it comes to reducing soil erosion. An efficient
extension approach to optimizing the use of barley straw should consider the differences
in household characteristics. Households with steep plots close to the homestead should
be warned that they may be leaving too much barley straw. Households with more remote
plots or that have more equines should be made aware by the extension service that they
might be leaving too much barley straw in the field.

Currently, extension services discourage farmers from using more than 15% of their
barley straw for soil mulching. This could be due to the limited feed options in these
systems. The mission of the formal extension service to encourage optimal soil mulching
could be facilitated by improving the feed supply. The current study indicates that higher
barley straw biomass production may allow for the enhanced use of barley straw for soil
mulch. This is in line with previous studies [14,15,17], which reported that easing the
pressure on crop residues, by providing new feed resources to livestock, would encourage
farmers to leave more crop residues in fields; therefore, improving barley straw biomass
in terms of yield. Improving feed nutritive value through genetic selection may have
important long-term effects of increased mulching as a strategy against soil erosion. In
addition, other management practices that might improve barley straw biomass utilization
include optimizing animal bedding, mulching of the soil with non-edible residues and
optimal timing of harvest to avoid the decrease in the nutritive value of straw as a result of
over-maturity [53]. Most Ethiopian households store crop residues in exposed heaps [15],
which might lead to heavy loss in biomass and nutritive value due to feed spoilage.
Consequently, improved crop residue storage may improve the nutritive value of straw,
thus avoiding wastage. This may result in an increased supply of straw for soil mulching
and livestock feeding on farms. However, future research considering the feasibility of
these solutions is important and would enhance the design of efficient biomass utilization
and appropriate intensification strategies.

5. Conclusions

There is pressure to use barley straw as livestock feed in barley-livestock mixed
farming systems in Ethiopia due to low straw yield, which is further constrained by
competing uses and low nutritive value. Generally, farmers tended to use barley straw
for livestock feeding rather than for soil mulching. This is because farmers allocate barley
straw to different uses based on the short-term benefits. Farming land in barley-livestock
farming systems is, therefore, expected to deteriorate, leading to a decrease in grain and
straw production.

Agricultural extension in the Ethiopian highlands should focus more on the long-term
benefit of soil mulching to preserve soil health. Formal extension outreach had a statistically
significant effect on farmers’ greater use of barley straw as soil mulch. Interventions,
training and extension services promoting context-specific crop residue management
for both agriculture and livestock components are imperative to facilitate the optimal
utilization of barley straw in Ethiopian mixed farming systems.

Introducing new feed resources in barley-livestock farming systems would increase
the feed supply to livestock. This would increase the use of barley straw as soil mulch.
Improving straw yield besides grain yield via breeding would increase the supply of
straw to not only meet livestock feed needs but also provide enough crop residues for
soil mulching. More studies on decreasing post-harvest loss in barley straw should be
undertaken. In order to discourage the excessive application of barley straw as mulch,
agricultural extension workers should focus on farmers with remote crop fields and with
limited access to equines. This can be part of a process that could evenly distribute and
effectively utilize crop residues in mixed farming systems in Ethiopia as well as other
regions of the world.



Sustainability 2021, 13, 5879 11 of 13

Author Contributions: Conceptualization, M.T.K., J.W., A.A., T.T., S.D. and G.P.J.J.; methodology,
M.T.K., J.W., A.A., T.T., S.D. and G.P.J.J.; software, M.T.K. and A.A.; validation, M.T.K., A.A., J.W.,
T.T., S.D. and G.P.J.J.; investigation, M.T.K., J.W., A.A., T.T., S.D. and G.P.J.J.; data curation, M.T.K.;
manuscript preparation, M.T.K., J.W., A.A., T.T., S.D. and G.P.J.J.; supervision, M.T.K., J.W., A.A., T.T.,
S.D. and G.P.J.J. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by Ghent University Special Research Fund (BOF) Program,
Belgium and CGIAR Research Program on Livestock, Feeds & Forages Flagship.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated during the current study are available from the
corresponding author on reasonable request.

Acknowledgments: The authors would like to acknowledge the financial support of the Collabora-
tive Research Program (CRP) Livestock, Feeds & Forage Flagship, Jimma University, Ethiopia and
the Ghent University Special Research Fund (BOF) Program, Belgium.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Herrero, M.; Thornton, P.K.; Notenbaert, A.M.; Wood, S.; Msangi, S.; Freeman, H.A.; Bossio, D.; Dixon, J.; Peters, M.; Van De

Steeg, J.; et al. Smart investments in sustainable food production: Revisiting mixed crop-livestock systems. Science 2010, 327,
822–825. [CrossRef] [PubMed]

2. Ryschawy, J.; Choisis, N.; Choisis, J.P.; Joannon, A.; Gibon, A. Mixed crop-livestock systems: An economic and environmental-
friendly way of farming? Animal 2012, 6, 1722–1730. [CrossRef] [PubMed]

3. Alkemade, R.; Reid, R.S.; Van Den Berg, M.; De Leeuw, J.; Jeuken, M. Assessing the impacts of livestock production on biodiversity
in rangeland ecosystems. Proc. Natl. Acad. Sci. USA 2013, 110, 20900–20905. [CrossRef] [PubMed]

4. Jaleta, M.; Kassie, M.; Shiferaw, B. Tradeoffs in crop residue utilization in mixed crop-livestock systems and implications for
conservation agriculture. Agric. Syst. 2013, 121, 96–105. [CrossRef]

5. Sileshi, Z.; Tsegahun, A.; Yami, A.; Tegegne, A. Status of Livestock Research and Development in the Highlands of Ethiopia.
Available online: https://cgspace.cgiar.org/handle/10568/51093 (accessed on 25 October 2019).

6. Amede, T.; Auricht, C.; Boffa, J.; Dixon, J.; Mallawaarachchi, T.; Rukuni, M.; Teklewold-Deneke, T. A Farming System Framework for
Investment Planning and Priority Setting in Ethiopia; Australian Center for International Agriculture Research (ACIAR): Canberra,
Australia, 2017.

7. Agegnehu, G.; Ghizaw, A.; Sinebo, W. Yield performance and land-use efficiency of barley and faba bean mixed cropping in
Ethiopian highlands. Eur. J. Agron. 2006, 25, 202–207. [CrossRef]

8. Collier, P.; Dercon, S. African Agriculture in 50 Years: Smallholders in a Rapidly Changing World? World Dev. 2014, 63, 92–101.
[CrossRef]

9. Drechsel, P.; Gyiele, L.; Kunze, D.; Cofie, O. Population density, soil nutrient depletion, and economic growth in sub-Saharan
Africa. Ecol. Econ. 2001, 38, 251–258. [CrossRef]

10. Lal, R. Soil degradation as a reason for inadequate human nutrition. Food Secur. 2009, 1, 45–57. [CrossRef]
11. Rockström, J.; Kaumbutho, P.; Mwalley, J.; Nzabi, A.W.; Temesgen, M.; Mawenya, L.; Barron, J.; Mutua, J.; Damgaard-Larsen, S.

Conservation farming strategies in East and Southern Africa: Yields and rain water productivity from on-farm action research.
Soil Tillage Res. 2009, 103, 23–32. [CrossRef]

12. Heuzé, V.; Tran, G.; Nozière, P.; Bastianelli, D. Straw. Available online: https://www.feedipedia.org/node/60 (accessed on
25 October 2019).

13. McDonald, P.; Edwards, R.; Greenhalgh, J.; Morgan, C.; Sinclair, L.; Wilkinson, R. Animal Nutrition, 7th ed.; Longman Group UK
Ltd.: London, England, UK, 2010; 693p.

14. Jaleta, M.; Kassie, M.; Erenstein, O. Determinants of maize stover utilization as feed, fuel and soil amendment in mixed
crop-livestock systems, Ethiopia. Agric. Syst. 2015, 134, 17–23. [CrossRef]

15. Alkhtib, A.; Wamatu, J.; Kassie, G.; Rischkowsky, B. Analysis of crop residue use in small holder mixed farms in Ethiopia. Renew.
Agric. Food Syst. 2016, 32, 454–462. [CrossRef]

16. Bai, Z.G.; Dent, D.L.; Olsson, L.; Schaepman, M.E. Proxy global assessment of land degradation. Soil Use Manag. 2008, 24, 223–234.
[CrossRef]

17. Bojo, J.; Cassells, D. Land Degradation and Rehabilitation in Ethiopia: A Reassessment; The World Bank: Washington, DC, USA, 1995;
Volume 48.

18. Berresaw, M.K. Land and Soil Resources Account of Ethiopia; Environmental Economics Policy Forum for Ethiopia, Ethiopian
Development Research Institute: Addis Ababa, Ethiopia, 2016.

19. Smil, V. Biomass Energies: Resources, Links, Constraints; Plenum Press: New York, NY, USA; London, UK, 1983.

http://doi.org/10.1126/science.1183725
http://www.ncbi.nlm.nih.gov/pubmed/20150490
http://doi.org/10.1017/S1751731112000675
http://www.ncbi.nlm.nih.gov/pubmed/22717157
http://doi.org/10.1073/pnas.1011013108
http://www.ncbi.nlm.nih.gov/pubmed/22308313
http://doi.org/10.1016/j.agsy.2013.05.006
https://cgspace.cgiar.org/handle/10568/51093
http://doi.org/10.1016/j.eja.2006.05.002
http://doi.org/10.1016/j.worlddev.2013.10.001
http://doi.org/10.1016/S0921-8009(01)00167-7
http://doi.org/10.1007/s12571-009-0009-z
http://doi.org/10.1016/j.still.2008.09.013
https://www.feedipedia.org/node/60
http://doi.org/10.1016/j.agsy.2014.08.010
http://doi.org/10.1017/S1742170516000399
http://doi.org/10.1111/j.1475-2743.2008.00169.x


Sustainability 2021, 13, 5879 12 of 13

20. Sutcliffe, J.P. Economic Assessment of Land Degradation in the Ethiopian HJigihlands: A Case Study; National Conservation Strategy
Secretariat, Ministry of Planning and Economic Development, Transitional Government of Ethiopia: Addis Ababa, Ethiopia, 1993.

21. Sonneveld, B.G.J.S. Land Under Pressure: The Impact of Water Erosion on Food Production in Ethiopia. Ph.D. Thesis, Shaker
Publishing: Maastricht, The Netherlands, 2002.

22. Wischmeier, W.; Smith, D. Predicting Rainfall Erosion Losses a Guide to Conservation Planning; Department of Agriculture, Science
and Education Administration: Washington, DC, USA, 1978.

23. Hurni, H. Erosion–productivity–conservation systems in Ethiopia. In Proceedings of the IV International Conference on Soil
Conservation, Maracay, Venez, 3–9 November 1985; pp. 654–674.

24. Greene, W. Economictric Analysis, 5th ed.; Pearson Education: Singapore, 2003.
25. Getibouo, G. Understanding Farmers’ Perception and Adaptations to Climate Change and Variability: The Case of Lompopo Basin, South

Africa; IFPRI Discussion Paper 849; IFPRI: Washington, DC, USA, 2009.
26. R core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2017.
27. Amsalu, A.; Stroosnijder, L.; Graaff, J. de Long-term dynamics in land resource use and the driving forces in the Beressa watershed,

highlands of Ethiopia. J. Environ. Manag. 2007, 83, 448–459. [CrossRef] [PubMed]
28. Gelagay, H.S.; Minale, A.S. Soil loss estimation using GIS and Remote sensing techniques: A case of Koga watershed, Northwestern

Ethiopia. Int. Soil Water Conserv. Res. 2016, 4, 126–136. [CrossRef]
29. Bewket, W.; Teferi, E. Assessement of soil erosion hazard and prioritization for treatment at the watershade level: Case study in

the Chemoga watershed, Blue Nile basin, Ethiopia. Land Degrad. Dev. 2009, 20, 609–622. [CrossRef]
30. Kefeni, K. Soil erosion and conservation in Ethiopia. In Proceedings of the Paper Presented at the Workshop on Coffee and Other

Crops in Coffee Growing Areas, Addis Ababa, Ethiopia, 27 February—1 March 1995.
31. Zeleke, G. Landscape Dynamics and Soil Erosion Process Modeling in the North-Western Implications of Land Use and Land Cover

Dynamics for Mountain Resource Degradation in the Northwestern Ethiopian Highlands; African studies series A16; Geogrphica
Bernensia: Berne, Switzerland, 2000.

32. Selassie, Y.G.; Belay, Y. Costs of Nutrient Losses in Priceless Soils Eroded From the Highlands of Northwestern Ethiopia. J. Agric.
Sci. 2013, 5, 5. [CrossRef]

33. Berry, L. Land Degradation in Ethiopia: Its Extent and Impact; Berry, L., Olson, J., Campbell, D., Eds.; Assessing the extent, cost and
impact of land degradation at the national level: Findings and lessons learned from seven pilot case studies; Commissioned by
global mechanism with support from the World Bank; 2003; Available online: File:///C:/Users/mdpi/Downloads/LAND3.pdf
(accessed on 25 October 2019).

34. Hurni, H. Degradation, Famine and Resource Scenarios in Ethiopia. In World Soil Erosion and Conservation; Pimentel, D., Ed.;
Cambridge University Press: Cambridge, UK, 1993; pp. 27–62.

35. Food and Agriculture Organization of the United Nations. Ethiopian Highlands Reclamation Study; Final Report Volume 1; 1986;
Available online: http://www.fao.org/3/ar863e/ar863e.pdf (accessed on 25 October 2019).

36. Ermias, T.; Dagnachew, L.; Belay, S.; Weldeamlak, B. Basis of Soil Erosion Risk in the source region of the Blue Nile river using
RUSLE model, Remote Sensing and GIS: Case study in the Muga watershed. In Proceedings of the Collaborative National
Workshop on Sustainable Land Management Research and Institutionalization of Future Collaborative Research, Axum Hotel,
Mekelle, Ethiopia, 8–9 August 2008; Hagos, F., Kassie, M., Woldegiorgis, T., Mohammednur, Y., Gebreegziabher, Z., Eds.; pp.
50–65.

37. Amsalu, T.; Mengaw, A. GIS Based Soil Loss Estimation Using RUSLE Model: The Case of Jabi Tehinan Woreda, ANRS, Ethiopia.
Nat. Resour. 2014, 5, 616–626. [CrossRef]

38. Abera, E. Assessment of Micro-Watershed Vulnerability for Soil Erosion in Ribb Watershed Using GIS and Remote Sensing.
Doctoral Dissertation, Mekelle University, Mekelle, Ethiopia, 2014.
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