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Abstract

The threat of bush encroachment on community livelihoods and economy in range lands of Fentale district in
Ethiopia is not well known. So, this study was conducted to evaluate the impact of bush encroachment and its
stress on livestock daily milk yield and pastoral livestock production of the district. The data of household
livestock holding and its production, household income sources, expenditure, etc. was obtained from district
pastoral and agro-pastoral office and the respective pastoral communities. The data was collected through
semi-structured questionnaires, focus group discussion and key informant interviews. The data was analyzed
through descriptive statistics and regression analysis using Minitab Software. The result revealed that there was an
alarming rate increasing of bush encroachment coverage and positive association (P < 0.05) with camel and goat
population than cattle and sheep population (P > 0.05) in the study district. Results of current study also revealed
that a positive correlation between increasing coverage of bush encroachment and mean daily milk yield of
livestock (i.e. cattle, goat and camel) in the study areas. Pastoral producers also perceived the impact of bush
encroachment on livestock population trend and milk production in all study sites and applied different adaptation
strategies (like feed supplementation and mobility). It is recommended that appropriate intervention options (like
bush thinning) of government and other stakeholders is needed to alleviate the current economic bush related
challenges of pastoral producers and save the loosing natural resources, even by amendment of pastoral production
related policies and its implementation
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1. Introduction

Rangelands are the major source of forage for grazing animal which used to provide agricultural products such
as wool, meat and milk. Increases in the density of woody plants and the suppression of herbaceous plants (i.e.
palatable grass species) threatening livestock grazing and wildlife production systems in the world. Rangelands
further provide habitat for wildlife, however, have an impact on the economy through activities that make use of
them (Julia et al., 2007). Therefore, in order to realize the impact of encroachment on rangelands, it is important
to understand the total economic loss through agricultural and non-agricultural products of the ecosystems (Julia
et al., 2007).

Extensive pastoralism occurs on one fourth of the global land area and supports around 200 million pastoral
households (Nori et al., 2005) and in Africa, 40 % of the land is dedicated to pastoralism (Integrated Regional
Information Networks [IRIN], 2007). Livestock production is one of economic activity widely practiced in these
areas (Randolph et al., 2007; Cecchi et al., 2010). In sub-Saharan Africa alone, 25 million pastoralists and 240
million agro-pastoralists depend on livestock (International Food Policy Research Institute [IFPRI] and
International Livestock Research Institute [ILRI], 2000). The rapid expansion of encroachment and invasion of
woody plant species in Ethiopia has been widely reported as a common form of rangeland degradation (Ayana
and Oba, 2008). However Prosopis julifolora, Accacia seyal, Accacia melifera and Accacia senegal are of a
major concern (Amaha, 2006). Especially, the spatial extension of Prosopis juliflora in Ethiopia is even difficult
to assess since it is expanding rapidly, up to 18% per year (Felker, 2008). One million ha is already covered by
Prosopis juliflora in entire Ethiopia (Ryan, 2011), of which about 700,000 ha are located in the Afar Region
(Mueller et al., 2010). Some identified commonly disappearing herbaceous plant species in the study areas are
Cenchrus ciliaris, Chloris virgata, Chrysopogon plumulosus, Cynodon aethiopicus, Cynodon dactylon, Ricinus
communis and Acalypha indica. Economic impacts of bush encroachment may be related to a decline in cattle
carrying capacity, wildlife carrying capacity and watershed quality due to its suppression of palatable herbaceous
production in the range land. Reductions in cattle grazing due to expansion of bush coverage account for the
direct agricultural costs (Julia et al., 2007). Later studies also indicate large damage costs as related to GDP; up
to 12% in USA (Gren et al., 2009). Even though, many studies have conducted on range lands of Ethiopia, there
are no accurate data on economic impact of bush encroachment on the areas of threaten by woody plant species
for Afar and Somali regions by comparing of both encroached and non-encroached areas. Similarly, the threat of
bush encroachment on community livelihoods and economy in range lands of Fentale district and other parts of
the region is not well known. However, little has been done to assess the impact of bush encroachment on
livestock population trend, animal milk production, community livelihood and economics in pastoral areas of
Ethiopia. As a result, the communities’ livelihood and economy as well as the environment are highly altered.
Therefore, this study aimed to establish the economic impacts of bush encroachment on livestock production and
household livelihoods in Fentale district of Eastern Ethiopia.

2. Materials and Methods
2.1 Descriptions of the Study Area

The study was conducted in Awash Fentale District, Afar Region, Ethiopia. The aforementioned site is located
between 9°20'N, 40°20'E, and at an altitude ranges from 740 to 1820 m.a.s.l. (Abule et al., 2005). The land
coverage of the study district is estimated to be about 180,000 ha. According to CSA of the district, the human
population was estimated to 29,780, while the livestock population of the district was estimated to 45,060 cattle,
69,428 sheep, 123,702 goats, 33,129 camels, 4273 (donkey and horse) and 4346 poultry. Rainfall mostly occurs
between July and September. In the district temperature varied from 21° to 38°c with annual precipitation
ranges from 450 mm to 500 mm. The district is characterized by its 80% undulated and 20% plain landscape and
soil type of loamy, clay and sandy nature. In the district ecological stages are facing bush encroachment,
following disturbance by woody plant species which drive out more nutritive grazing and browsing vegetation
(Piguet, 2001). Currently the districts’ grazing land was facing high disturbances, by different encroaching
woody species and known by its high bush coverage in the region.
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Figure 1. Geographical location of the Awash Fentale district with respect to Awash National Park, Methehara and
Awash Melka town (Source: Biru et al., 2017)

2.2 Sample Selection

The Awash Fentale district was purposively selected due to its high bush coverage in the study region. Similarly,
two kebeles were purposively selected based on their degree of bush encroachment. The first study kebele (i.e.
Kebena) was purposively selected based on its high bush encroachment coverage and the second (i.e. Sabore)
was selected based on its low coverage in the area. Then sixty pastoral households were surveyed based on their
livestock production experiences of more than 30 years in the area. These were purposively divided into two
categories depending on bush coverage. The first group were thirty households from Kebena kebele, where more
than about 50% of the grazing land covered and the second were thirty households from Sabore kebele, where
less than about 20% of the grazing land covered by bushes, according to the information source of Fentale
district agricultural office.

2.3 Survey Design and Data Collection

Both primary and secondary data were collected. Primary data were collected through questionnaires and field
observations. The primary data were collected from the 60 pastoral households using structured questionnaires.
After pre-testing the questionnaire, the field data collection was administered by interview method. During the
field data collection, information with related to feed and medicine related costs; pastoralists’ bush encroachment
perception; farm production, farm income expenditure, sell price and the like were assessed in the study district.
Qualitative data such as household family size, educational status, sex, age and the like were also collected.
Livestock population, average daily early milk yield of cow, goat and camel, were also collected through interview
from the pastoralist households, key informant interviews and focus group discussions. Key informant interviews
was done with different experts of the area, some non-governmental organization workers and both district and
zonal agricultural office administration. Two focus group discussions containing of 10 members were held during
field data collection. The secondary data with related to livestock population trend, areas bush coverage, impact of
bush encroachment in the area, pastoral producers livelihood option and the like was taken from the study district.
The focal groups included local elders, pastoralist associations, developmental workers and other experts and
local administrations. The field data were collected during wet season from October to December, 2019. A
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structured check list was also developed, pre-tested and administered through interview method usinglocal
language.

2.4 Methods of Data Analysis and Interpretation

The data were analyzed using Statistical Package for Social Science (SPSS), version 20. The software was used to
describe and calculate some information like livestock daily milk yield, household total milk produce, household
income and the like by using descriptive statistics. The associations between livestock population, milk
production trend, livelihood and total revenue and total cost of production with estimated bush encroachment
coverage in the study district was also determined by regression analysis using Minitab Software (\Ver. 19.1).

3. Results
3.1 Impact of Bush Encroachment on Milk Production Trend

The bush encroachment coverage on the study district was found to be 50 % for (Kebena) site and up to 20 % for
(Sabore) site based on the information obtained from the study district. Results of the regression analysis
revealed that a positive correlation was obtained between herbage yield and mean daily milk yield (Table 1).
Milk yields differed (P<0.05) between high and low encroached areas. The mean milk yield on highly
encroached site (Kebena) was 5.5 L household™ day™ while on low encroached site (Sabore) was about 6.8 L
household™ day™ . Similarly, the current mean milk yield at (Kebena) site was much lower than the milk yield
estimated (before 30 years) i.e. 14.3 L household™ day™ (Figure 2).

Table 1. Household milk production per day in the study district (Total respondents = 90)

Variable Min Max Mean SD  Adj.R® Pv
Kebena

Milk Produced (L/day)-Cow 1 3 2.07 0.593

-Goat 0 1 0.17 0.335

-Camel 0 7 322 1677

Total milk produced Current 15 10 547 1945 13.83% 0.024
Total milk produced before 30yrs 8 20 14.28 2.698

Sabore

Milk Produced (L/day)-Cow 15 5 3.62 0.887

-Goat 0 1 0.46 0474

-Camel 0 6 273 1.471

Total milk produced Current 4 10 6.80 2.045 51.95% 0.000

Total milk produced before 30yrs 8 18 11.87 2.501
Min= Minimum; Max= Maximum; SD= Standard deviation; Adj.R*=R-sq(adj); P=P-value

The highest current milk yield 10 L household™ day™, was obtained on highly encroached site while the lowest
was 1.5 L household™ day”. So, the study results revealed that the mean milk yield obtained for low bush
encroached sites was significantly different from that of high encroached sites (Figure 2).
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Figure 2. (a) Regression between Trends of milk yield per household (a) for Kebena site (P=0.024) and (b) for
Sabore site (P=0.000) in Awash Fentale district

3.2 Impact of Bush Encroachment on Pastoral Livelihood

The mean annual income of pastoralist producers per Households from livestock and milk sales in Kebena and
Sabore study sites were estimated to be about 34, 089 and 39, 606 Birr, respectively (Table 2). Similarly, the
mean annual costs of pastoral producers to buy livestock feed and medicine was Birr 8189 in Kebena, which is
much higher than the Birr 1670 in Sabore.

Table 2. Household total income and costs per annum in the study district.

Variable Min  Max Mean SD Adj.R? Pv
Kebena

Average Total Income (Livestock and Milk sell) 16560 45120 34089.66 6854.376 17.71% 0.012
Average Total Cost (Feed and Vet.) 4000 11600 8189.66  2184.089

Average Milk Price 21

Sabore

Average Total Income (Livestock and Milk sell) 20800 53000 39606.67 8445.604 51.95% 0.000
Average Total Cost (Feed and Vet.) 0.00 4000 1670.00 1025.923

Average Milk Price (Birr) 20

Min= Minimum; Max= Maximum; SD= Standard deviation; P=P-value

Figures 3 show mean annual revenue and costs of livestock and milk product for Kebena and Sabore study sites
respectively. The study affirmed that an increase in bush encroachment coverage in Kebena site significantly
decreased pastoral producers annual income (P<0.012) (Figure 3). The highest income was 45, 120 Birr
household™ annum™, while the lowest was 16, 560 Birr household™ annum™. The highest income obtained for
low encroached site was 53, 000 Birr household™ annum™, while the lowest was 20, 800 Birr household™
annum'. So, the study results indicated that the mean annual income obtained for low bush encroached sites was
significantly higher than that of high encroached sites (Figure 3).
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Figure 3. (a) Regression between Mean Annual Income to Costs per household (a) for Kebena site (P=0.012) and

(b) for Sabore site (P=0.000) in Awash Fentale district

3.3 Impact of Bush Encroachment on Livestock Population Trend

In the study district, the former savannah grass land was shrinking, due to highly increasing rate of encroaching
woody (i.e., accacia, prosopis, etc) and other herbaceous plant species. This results for lower herbage production
per hectare in the study district. So, the mean of grazer livestock (i.e. cattle and sheep) was highly decreased with
increasing bush encroachment coverage (P>0.05) in Kebena site (Table 3). Accordingly, pastoral producers in all
study sites perceived a decrease in grazer livestock population with increasing coverage of bush encroachment

for the last 30 years (Table 3).

Table 3. Trend of livestock population per household in the study district

Variable Min Max Mean SD Adj.R> Pv
Sabore

Cattle population before 30yrs /[HH 14 70 29.83 11.486

Cattle population current 8 28 16.21 4586 2.06% 0.215
Sheep population before 30yrs 24 65 38.83 11.213

Sheep population current 0 32 13.00 11.557 20.63% 0.007
Camel population before 30yrs 5 18 11.04 3.246

Camel population current 11 27 18.04 4.799

Goat population before 30yrs 13 75 31.41 12.780

Goat population current 21 54 39.38 9.002

Kebena

Cattle population before 30yrs 24 50 31.10 6.019

Cattle population current 5 27 15.90 5.511

Sheep population before 30yrs 24 63 39.83 10.869

Sheep population current 0 19 420 7.170

Camel population before 30yrs 7 23 1243 4.327

Camel population current 12 34 21.23 6.719 73.15% 0.000
Goat population before 30yrs 18 54 33.70 9.802

Goat population current 30 67 4517 8.424 87.09% 0.000

HH=Household; Min= Minimum; Max= Maximum; SD= Standard deviation; P=P-value
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Based on these study results, cattle population was significantly decreased (P>0.05) with increasing bush
encroachment coverage in all sites of the study district (Figure 4). Similarly, sheep population was also
significantly lower (P>0.05) with increasing bush encroachment coverage in Kebena site than Sabore (Table 3).
However, both cattle and sheep population were not significantly related (P>0.05) to the increasing bush
encroachment coverage (Figures 4).
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Figure 4. (a) Regression of Mean Cattle Population Trend (P=0.215) and (b) Mean Sheep  Population Trend
(P=0.007) for Sabore study site

On the other hand, the mean populations of browser livestock (i.e., goat and camel) were highly increased with
increasing bush encroachment coverage (P<0.05) in Kebena site than Sabore (Table 3).
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Figure 5. (a) Regression of Mean Camel Population Trend (P=0.000) and (b) Mean Goat Population Trend
(P=0.000) for Kebena study site
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Moreover, the population of browser livestock was significantly associated with increasing coverage of bush
encroachment at (P < 0.05) (Figures 5).

3.4 Relationship between Bush Coverage, Livestock Population and Productivity

Figures 2 and 3 show pastoral household mean milk yield trends for high and low bush encroached sites,
respectively. The result revealed that pastoral household milk yield was decreased for the last 30 years due to
increasing bush encroachments’. But, the highest significant household milk yield reduction was observed for
highly encroached sites (Figure 2). This is due to increasing rate of woody coverage for the last several years.
This type of ecological shift makes a difficulty for the survival and productivity of a livestock. Similarly, the
milk yield of cow decreased with increasing coverage of bush encroachment (P>0.05) (Table 1). Accordingly,
pastoral producers in all study sites perceived a decrease in milk yield of both cow and camel with increasing
rate of bush coverage (Table 1). Similarly, grazer livestock population was decreased consecutively in the areas
of high bush encroached sites, while the browser livestock population was pointed out to have increasing trend in
the study district (Figures 5). Moreover, the trend of livestock population and their products (i.e. milk yield) was
negatively associated to trend of increasing bush encroachment coverage.

4. Discussion
4.1 Impact of Bush Encroachment on Milk Production Trend

In line with this result, a comparative study conducted by Mugasi et al (2000) showed that livestock reared under
relatively highly encroached grazing fields yielded less milk than less encroached fields. Similarly, Brigham et al
(2015) reported that milk yield is directly related to the availability of feed and water. Shetie (2008) also
mentioned that infestation of P. juliflora drastically declined the size of grazing and crop lands and finally
decreased the quantity and quality of production. Anderson (2005) reported that the invasion of invasive alien
plant species caused environmental, economic and social damage. On the other hand, Dubale (2008) also
reported that exclusive subsequent feeding of Prosopis pods for an elongated period of time caused health
problems to animals. Likewise, Nick et al (2012) indicated that excessive feeding of P. juliflora pod to livestock
causes illness and death. Kohli et al (2004) reported that 50-60% of the loss of native plant diversity and density
was observed following infestation by A. conyzoides in northern part of India. Similarly, Alderman (1987)
reported that poor smallholder dairy producers trade expensive calories (milk and meat) for the cheap calories
(cereals), thereby, improving total food consumption.

4.2 Impact of Bush Encroachment on Pastoral Livelihood

In line to these results, Beruk and Tafesse (2000) reported that in most of the lowlands in Ethiopia, food security
is highly associated to livestock and livestock products. Coppock (1994) reported that in the Borana plateau;
roughly 40% of the gross revenue is obtained from milk and the remaining from live animals’ sale.
Correspondingly, Coppock (1994) reported that nearly all of the food and income for pastoralist is ultimately
obtained from livestock. Despite their economic contribution, there has been a fundamental misunderstanding of
the pastoral production system and the recent environmental challenges in Ethiopia like in many other countries
in Africa. Due to that, currently bush encroachment was altering the economy of local people and national GDP
at large.

4.3 Impact of Bush Encroachment on Livestock Population Trend

The results of current study indicated that there is a paradigm shift from grazer to browser (Figures 5). Similarly,
many pastoral producers were aided by governmental and non-governmental organizations to support their
livelihood, due to severe impacts of invasive species. This study is in line with Pasiecznik (1999) which reported
that mesquite invasion forms impermeable, dense woods. The same source also stated that the invasion reduces
grass cover of grazing lands and affects stocking density. Ward (2005) reported that bush encroachment reduces
the carrying capacity for livestock. For example, according to Sheuyange, Oba, Weladji & R. B. (2005) an
approximately 26 million ha of woodland savannas in Namibia resulted in a loss of land productivity of as much
as 100%.

4.4 Relationship between Bush Coverage, Livestock Population and Productivity

In this study, the population of cattle and sheep were not significantly associated to the expansion of bush
encroachment. On the other hand, goat and camel population has strong association with high expansion of
woody species coverage. Moreover, camel is more selected by pastoral and agro-pastoral due to its higher milk
production and market price than the milk of other livestock species. Similarly, Beruk and Tafesse (2000)
indicated that the use of improved forage and supplementary feed by the pastoralists in the Afar region is
insignificant, rather the primary feed sources of livestock in the region were the rangelands composed of
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indigenous plant species. For these reasons, feed shortage has become a serious problem for livestock herders in
the study areas following highly expanding rate of bush encroachment. Similarly, Kamara, Swallow & Kirk
(2003) reported that a progressive growth of bush cover in dry savannah is responsible for decline in range
condition in Southern Ethiopia. On the other hand, Amaha (2006) mentioned that a decline in pastoralists’
income decreased in livestock production and livestock products as a result of decrease in rangeland vegetation.
The same source also stated that pastoralists in Ethiopia are vulnerable to ecological instability and macro
climatic variability. So, livestock production in pastoral areas is affected by range land degradation. Ethiopian
Agricultural Research Organization [EARO] (2002) also reported that the lack of understanding of the
relationship between the environment and pastoralists may also contribute to the misunderstanding of the
pastoral production system and the priority needs of the pastoralists.

5. Conclusions

Bush Encroachment is a threat to livestock population and productivity particularly in Afar Region, eastern
Ethiopia. The high expansion rate of woody coverage in the area, affects the livestock population and
productivity. The results of current study indicated that there is a paradigm shift of pastoral livestock herding,
from grazer to browser. Similarly, current study indicated that products obtained from livestock reared under
relatively highly encroached grazing sites yielded less milk than less encroached sites. Currently, pastoral
livestock producers perceived the impact of bush encroachment on livestock population and productivity, which
includes shortage to animal feed and water. On the other hand, seasonal mobility, changing livestock species
composition, searching for other source of household income and destocking are their adaptation strategies.
Hence, the government and other stakeholders need to design early warning strategies for control and
management of alarmingly increasing bush coverage, to save the environment and improve the livestock
dependent community’s adaptation in eastern Ethiopia.
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