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central Ethiopian highlands
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ABSTRACT
The study was done in Adaa district which is one of the 12 districts in East Shoa zone in
Oromia regional state of Ethiopia. It is located southeast of Addis Ababa at 38o51’ 43.63’’ to
39o04’ 58.59’’ E and 8o46’ 16.20’’ to 8o59’ 16.38’’ N, on the western margin of the Great East
African Rift Valley. The altitude ranges from 1 500 to ≥ 2 000 meters above sea level. The
district has a high potential for mixed livestock and crop production systems. The purpose of
this study was to make up for the paucity of information on livestock and environment
interaction by assessing the relationship of livestock, soil, water, land, climate and crops
under mixed crop-livestock production systems in central Ethiopian highlands.

The objectives of the study were: (a) to assess the effect of change in land management on
carbon storage and the contribution of livestock to carbon storage; (b) to examine the impact
of livestock on natural resources and the environment; (c) to assess the effects of the
change in traditional agricultural practices, expansion of factories, slaughter houses,
greenhouses and flower farms on water and soil quality; (d) to evaluate the effect of climate
change on livestock production under small-scale agriculture; and (e) to recommend options
for mitigation and adaptation to environmental changes.
xvii

The research design was non-experimental and did not involve the manipulation of the
situation, circumstances or experiences of the interviewees. The design was comparative
research that compared two or more groups on one or more variables, such as the effect of
agricultural land use management, tillage type etc. on carbon storage in the soil. This
research also applied a longitudinal design that examined variables such as the performance
exhibited by groups over time. Purposive sampling was often used to measure the effect of
agricultural, industrial effluent and human interferences on the environment by measuring
nutrient contents at sources in the soil, water and manure. Biological data were
complemented by key socio-economic survey by interviewing individual farmers and focus
groups from sampling sites. Secondary data were also reviewed to measure soil degradation
and run-off attributed to livestock.

Results showed that animal waste and farmyard manure had the highest contribution in the
addition of carbon in the soil. This implied that for most of carbon inputs livestock products
and by-products had a greater place in the carbon sink. Therefore, livestock production
could be considered as one of the major agricultural production systems in soil carbon
storage. Similarly, livestock production systems also play an important role in maintaining the
eco-system balance through nutrient recycling.

On the average, the number of livestock per household for most species increased during
the Derge regime in the 1990s compared to the Haile Sellassie regime in the 1970s when
people did not own land; and then the number declined in the 2000s except for equines,
crossbreeds and oxen. The change to crop intensification led to the change in the purpose
for livestock keeping. Farmers started keeping certain types of animals for specific purposes
unlike before when livestock was kept for prestige and economic security. The major drive
for the change of attitude towards the purpose of keeping livestock was scarcity of
resources, mainly feed and water. Equine ownership has significantly increased due to their
low off-take rate and their feeding habits which allowed them to survive in harsh
environments where feed resources were extremely scarce.

xviii

There was a significant difference in crop response to manure application. Vegetables
produced higher yields with manure than chemical fertilizers. Cereals on the other hand
responded more to chemical fertilizers than to manure. Therefore, combining manure and
chemical fertilizers was the best option for the sustainability of crop production in the study
area. Some of the limitations to the use of manure as an organic fertilizer were inadequate
manure production, high labour cost, bulkiness and high cost of transport to the fields and
weed infestation. Manure management systems in the study area were affected by livestock
husbandry practices. Only crossbred cattle (5%) were zero-grazed and used; and manure
was stored in pits as slurry. Indigenous cattle were grazed outdoors in the fields during the
day and at night they were kept in kraals near homesteads. There was a substantial loss of
nutrients during the day when animals were grazing in the fields through leaching and
trampling of dung and urine patches. Indoor or zero grazing of livestock could reduce
nutrient losses.

The use of manure as fuel in the study area had no significant effect on CO 2 emissions at
household or local level, but had a negative impact on soil organic carbon storage and soil
fertility. Therefore, for improved yield and balanced eco-systems manure burning has to be
replaced by other alternative energy sources such as bio-gas and kerosene. The largest
carbon equivalent emissions were from CH 4 (72.6%), N 2 O (24%) and CO 2 (3.4%) which
indicated the need to improve livestock and manure management systems under
smallholder agriculture.

Overall, there was an indication of a decline in water resources on per capita basis. The
major contributing factors were combined pressure of human and animal population on
natural resources that led to excessive deforestation, loss of biological diversity, overgrazing,
soil degradation and various forms of pollution and contamination. The global climate
change also played a role in the decline in water resources due to the decrease in annual
precipitation and increasing temperatures. Urbanization and economic growth increased the
demand for milk and meat, which required additional water use for each unit of increased
animal protein. The demand for milk and meat is expected to double in the next 20 years
with an annual growth rate of between 2.5 to 4%.
xix

From the sixty-year meteorological data (1951-2009) there was an established increase in
rainfall by 2% per annum; and maximum and minimum temperature by 0.08oC per decade,
which amounted to a cumulative temperature increase of 0.5oC in the last decade. The
increase in precipitation and temperature favoured the adaption of lowland crops like maize
and sorghum to highland agro-ecology. Climate prediction models forecasted that most of
the highlands in Ethiopia will remain suitable for cereals like wheat and Teff for the next 50
to100 years. However, the perception of farmers indicated that they felt more heat and warm
weather than they have experienced before. They reported that rainfall is now more erratic
or comes late and stops earlier before plants completed their vegetative growth.
Key words: Environmental interactions, heavy metals, industrial effluent, farm yard manure,
soil organic content, climate change
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CHAPTER 1: INTRODUCTION
1.1

Background

Environmental problems are becoming global issues because of their effects on all
nations of the world. These are present day major interests of political, economic, social
and environmental concerns because of their potential negative impacts to our lives and
the ecosystem in general (IPCC, 2007). Climate change is characterized by increased
frequency and intensity of extreme weather patterns including storms, floods, droughts
and irregular rain over time (FAO, 2006).

The universal atmosphere plays a key role in the exchange of radiant energy between the
earth and the sun. The greenhouse effect or the heat trapping property of the atmosphere
keeps the annual average surface air temperature of the earth at about +ve15ºC. Without
this natural phenomenon the earth’s annual average temperature would be -ve18ºC and
life would not exist at such a low temperature (NMSA, 2001). This important function of
the atmosphere is being threatened by the rapidly increasing concentration of greenhouse
gases (GHGs) in the atmosphere as a result of anthropogenic factors. Currently, about 7
billion tons of carbon is released annually into the atmosphere from the burning of fossil
fuels and deforestation (FAO, 2011). By 2050 the average annual global surface air
temperature is predicted to increase by between 1.1ºC to 6.4ºC and the sea level will rise
by between 18 cm and 59 cm (IPCC, 2007). These predicted increases have been
partially attributed to the accumulation of GHGs in the atmosphere.

Such drastic change of climate and sea level in a short span of time is expected to have
adverse impacts on many socio-economic sectors. The most vulnerable are low-lying
areas and coastal wetlands, agricultural production, water supplies, human health and
terrestrial and aquatic ecosystems. It is also expected that changes in the earth's climate
will hit developing countries like Ethiopia first and hardest because their economies are
strongly dependent on crude forms of natural resources and their economic structures are
less flexible to cope with such drastic changes (Stern, 2007)

In the case of quantitative economic losses due to climate change, an estimated €15
billion loss was reported in the United Kingdom and France. An estimated 300 000 deaths
in Asia due to flooding and other natural calamities were recorded (Anderson and Bausch,
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2006). Although there is some controversy on the reality of climate change, a lot of natural
disasters in the form of floods, storms including hurricanes, extreme heat and drought
have already been experienced in some parts of the globe (Yesuf et al., 2008).

The 1984-85 famine in Ethiopia caused an estimated one million deaths and made
millions more destitute (NMSA, 2001). The crisis was located in the northern highlands of
the country where record low rainfall was reported. Again in 2009/10 Ethiopia suffered
another serious food crisis after 25 years after the previous famine in the 1980s (MoFED,
2011). The second time, more than 6 million people needed emergency food aid on top of
the 7.5 million who were receiving government aid in return for work on community
projects as part of the National Productive Safety Net Program. Across the region, about
23 million people were badly affected during the second cycle of the wide spread drought.
Then why is Ethiopia still food insecure even after 25 years since the first famine in 1984?
The reason is that in addition to global climate change, Ethiopia’s population has doubled
in the past quarter of a century to 80 million, thus putting greater strain on natural
resources (MoFED, 2008). The infrastructure is still poor and the means of agricultural
production and marketing remain the same. The country suffered severe drought every
10-15 years during the last century. By 1984 there were droughts every ± 8 years but
recently there have been droughts every ≤ 2 years; in 2006, 2008, 2009 and 2011.
Climatologists predicted that by 2034, i.e. 50 years after the 1984 Ethiopia famine, what
are now droughts will become the norm, hitting the region three years out of every four
(Yesuf et al., 2008).

The situation in 2011 worsened when weather conditions over the Pacific, including an
unusually strong La Niña, interrupted seasonal rains for two consecutive seasons in the
horn of Africa (OCHA, 2011). The rains failed in Somalia for two consecutive years (2009
and 2010) and in 2011 in Kenya and Ethiopia. In many areas, the precipitation rate during
the primary rain season from April to June was less than 30% of the average rainfall for
1995 - 2010 (OCHA, 2011). The lack of rain led to crop failure and widespread loss of
livestock, as high as 40–60% in some areas, which decreased milk production. As a
result, the price of cereal grains rose to record high levels while livestock prices and
wages fell, reducing purchasing power across the region. Therefore, if the global
temperature in East Africa should rise to within the predicted scale, it could result in more
crop damage, malnutrition, outbreak of diseases, land degradation and damage to
infrastructure (Stern, 2007).
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The agricultural sector in Ethiopia contributes 50% to the Gross Domestic Product (GDP)
and is a way of life for 85% of the population (2011). It is also the earner of 90% of foreign
exchange through exports of raw materials and agricultural products. Despite its
contribution to the economy, this sector is affected by climate related disasters such as
floods, drought and extended dry spells. Climate change reduced the growth rate of the
contribution of agriculture to the GDP from 18% in 1986/87 to 0% during 1991/92 drought
year. The fluctuation in real GDP growth rate was mainly attributed to weather variability,
which affected agriculture directly (NMSA, 2001).

The major land uses in Ethiopia are livestock grazing and browsing, crop production and
nature conservation in forests and woodlands. According to NMSA (2001) more than 50%
of Ethiopia’s land is used for livestock grazing and browsing. Grazing and browsing occurs
mainly in open grasslands, around cultivated areas, shrub lands, road sides and wetlands.
Crop production forms the second largest (± 23%) land use while forests and woodlands
cover about 7% of the country. Bare lands constitute 16% in the form of exposed rock,
salt flats and sand dunes.

According to FAOSTAT (2012) the population of livestock in Ethiopia in 2010 was
estimated at 50.9 million cattle, 26 million sheep, 22 million goats, 8.1 million equines and
808 thousand camels; that is a total of 108 million heads, which is ranked the largest in
Africa and the 10th in the world. About 95% of the livestock population is kept by
subsistence farmers. It forms a large component of the Ethiopian agricultural sector and is
well integrated with the crop production systems in the highlands and provides the sole
means of subsistence for the nomadic pastoralists in the lowlands. It is the source of
many social and economic values such as food, draught power, fuel, cash income,
security and investment in both the highlands and the lowlands/pastoral systems (Hadera,
2001). Livestock production accounts for 27% of total agricultural GDP.

Livestock resource is characterized by low productivity. Average carcass yield per animal
slaughtered or milked is estimated at 110 kg of beef, 10 kg of mutton or 213 kg of milk per
annum (NMSA, 2001). Livestock production growth rate is very small compared to human
population growth rate, and as a result there is a decline in per capita consumption of
livestock products. Currently, the per capita consumption of milk and meat is estimated at
18.9 kg and 8.3 kg per annum, respectively (Figure 1.1). However, due to current
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economic reforms the economic growth and per capita consumption of milk and egg had
an upward surge in 2010.

Figure1.1: Trends in annual per capita consumption of livestock products
Source: FAOSTAT (2012)
In recent decades global economy has shown some economic expansion. Amongst the
factors that contributed to economic growth are population growth, technological
advancement, socio-economic and political changes including trade liberalization. In
developing countries, this growth has translated into rising per capita incomes, and an
emerging middle class with a different taste and purchasing power. Ethiopia is one of the
fast growing countries in sub-Saharan Africa (World Bank, 2011).

From 2001 to 2010, the per capita GDP grew by more than 2% a year for many
developing countries (World Bank, 2011). Ethiopia grew by 8% on average during the last
decade (World Bank, 2011). Delgado et al. (1999) reported that there is a positive
correlation between income growth and increasing demand for livestock products. The
growing demand for livestock products due to economic and population growth will require
the improvement of the existing livestock productivity.

Livestock is a key development sector because it involves the livelihoods of the poor as
much as it is the source of animal protein for the emerging middle class who consume
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increasing amounts of meat, milk and eggs. Thus livestock serves the interest of both the
poor and the middle class (FAO, 2006). However, the livestock sector has also been
identified as one of the top two or three most significant contributors of the most serious
environmental problems from local to global scale (FAO, 2006).The sector has gradually
evolved to become an environmental threat to the survival of ecosystems. The danger of
to the environment varies according to whether the country is developed and developing
as wells as to the type of production systems.

In developed countries livestock industry has had a shift in geographic area in the type of
species due to intensification and industrialization (FAO, 2006). Livestock production has
changed its area from rural to urban and peri-urban, to get closer to consumers, or nearer
to inputs such as feedstuffs, transport and trade routes. There is also a shift in species
focusing more on monogastric animals for their fast growth, quick returns for investment,
less space required and high efficiency. Consequently, nutrient upload, waste disposal
and greenhouse gas emissions are critical environmental problems in developed
countries.

In developing countries livestock industry is predominantly in the care of small-scale stock
keepers and pastoralists. The critical environmental problems are land degradation due to
overgrazing, compaction and trampling, negative impact on water resources through
erosion, sedimentation and pollution, enhanced loss of biodiversity due to deforestation,
as well as facilitation of invasion by alien plant species (FAO, 2006). The diversity of
production systems and interactions makes the analysis of livestock-environment
interfaces complex and sometimes controversial (FAO, 2006). The sector relies on
multiple natural resources (land, water and vegetation) which are scarce and are equally
important for the development of other sectors. Both intensive and extensive livestock
production systems require careful management to reduce negative impacts and enhance
positive impacts on natural resource bases locally and globally (Lemus and Lal, 2005).

The aim of this study was to address environmental issues related to livestock that have
not received due attention they deserve. Environmental legislative actions are usually
taken after events have created serious damage to the environment. It is obvious that
there are threats to ecosystems as well as mitigation and opportunities to be adapted. The
previous approaches by governments of responding to problems by donating food aid and
health services, limited the capacity of local communities to adapt. The emerging new
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opportunities are taken as soon as possible to put producers and other actors in the value
chain at a better competitive advantage.

In the short term, improved management by intensifying "best practice" will have
mitigation effects. This can be undertaken through improved quality fodder production and
feeding systems, as well as stock balancing based on available feed and water resources.
Intensification of animal production and mechanization of agriculture will help to reduce
dependence on large number of animals for a stable output. Release of crop varieties that
have high food and feed value, and better forage management based on the agroecological suitability will help to increased biomass production that can satisfy the animal
feed demand (Mendelssohn and Dinar, 1999).

The alternative is to find options and

discover what already exists such as adaptive breeds to the climate and forage varieties
which are better adapted to the changing environment. Options such as changing land
uses and farming systems have to be considered. Seasonal weather forecasting and early
warning systems will help in decision-making, preparing for whatever impacts of increased
or decreased rainfall may have on feed supplies, disease, and marketing; in order to
adjust herd management for restocking or destocking (NMSA, 2001; Deressa and
Hassan, 2009).
In the long term, adaptation will be the key to success against climate change.
Vulnerability to climate change can be reduced by preparing, evaluating and implementing
adaption strategies that reduce negative threats, while fostering the positive opportunities
(NMSA, 2001; Deressa and Hassan, 2009). Governments, civil societies, nongovernmental organizations and the private sector need to work hand in hand with local
communities to implement the proposed mitigation measures (Hassan, 2010). Sound
policies will help in the reduction of disputes in greenhouse gas emissions, drought, water
and pollution; and encourage development, evaluation and adoption of effective strategies
to environmental change (Deressa, 2007).
In addition, effective natural resource management has a strong impact and is vital in
ensuring community social, economic and environmental wellbeing (Deressa and Hassan,
2009). It is with this background in mind that in 1992 world leaders reached an agreement
to protect the global climate by signing the United Nations Framework Convention on
Climate Change at the Earth Summit in Rio de Janeiro (UNFCCC, 1997). The ultimate
objective of the UNFCCC was to stabilize the concentration of greenhouse gases in the
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atmosphere at a safe level. The Kyoto protocol was adopted in Kyoto, Japan on 11
December 1997 and was ratified on 16 February 2005. The detailed rules for the
implementation of the protocol were adopted in Marrakesh, Morocco in 2001, and were
then referred to as the "Marrakesh Accords." The first commitment period started in 2008
and ended in 2012 (UNFCCC, 2013).

The "Doha Amendment to the Kyoto Protocol" was adopted in Doha, Qatar on 8
December 2012. The amendment included new commitments to the Kyoto Protocol from
countries which agreed to commit themselves for the second period from 1 January 2013
to 31 December 2020. During the first commitment period, 37 industrialized countries and
the European Community committed themselves to reduce GHG emissions to an average
of 5% compared to the 1990s levels. During the second commitment period, countries
agreed to reduce GHG emissions by at least 18% below the 1990s levels in the 8-year
period from 2013 to 2020 (UNFCCC, 2013).

The purpose of this study was therefore to make up for the lack of information on the
interactions between livestock and environment by assessing the relationship between
livestock, soil, water, land, climate, crop and human related influences under mixed croplivestock production systems in the central Ethiopian highlands; and come up with some
practical recommendations. The study was also to highlight future research direction in
livestock and environment interfaces under small-scale agriculture in developing
countries.
1.2

Problem statement

In central Ethiopian highlands, negative livestock-environment interaction impacts are
mainly associated with overgrazing and land degradation (de Hann et al., 1998; Steinfeld
et al., 2006). Overgrazing causes chemical and physical soil degradation (Steinfeld et al.,
1998; Steinfeld et al., 2006), which reduces plant cover and causes soil compaction. It
reduces infiltration and increases run-off that decreases soil fertility and organic matter
content, all of which contribute to physical and chemical land degradation. Moreover,
socio-economic changes in the rural areas such as population growth, has led to a decline
in household land size, forcing people to turn to cultivating crops on steep mountain
slopes and pushing livestock to marginal areas, which enhanced land degradation even
further (FAO, 2006; Lal, 2006). Socio-economic changes in rural areas also induced
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community adoption of new practices and new income generation options to sustain their
livelihoods. Economic growth and population increase in urban areas attracted investment
in intensive livestock production to meet the growing demand for animal protein (World
Bank, 2010)

The dynamic social and economic changes in urban and rural areas contributed to
gradual changes in traditional livestock practices in mixed crop-livestock production
systems. The challenge, however, was how to balance between the increase in livestock
population and livestock productivity per head, while reducing livestock induced
environmental problems (Delgado et al., 1999). In the current study area there were two
livestock production systems: (a). Mixed crop-livestock production system mainly operated
by small holder subsistence farmers, and (b). Intensive livestock production system
operated by large-scale commercial livestock farms as well as mid-scale urban and periurban farms.

In the mixed crop-livestock production system, crop production is the major source of cash
income (Amare, 1980; MoA, 2000) and farmers sell part or all of the grain and straw
produced on-farm to cover other living expenses. Livestock play an important role as a
source of power for crop production and manure as organic fertilizer, household fuel and
cash income. It serves as a living bank and provides income and food for households
(Hadera, 2001; Tesfaye et al., 2004). However, no detail study has so far been done on
the contribution of manure as means of household income and its value in the market
chain. The shift in the use of manure as a fertilizer to a source of fuel and extra income
became evident very recently, because of: (a) continuous deforestation for firewood
(Tesfaye et al., 2004), and (b) increased level of poverty in the rural areas that compelled
households to sell manure for extra income (Gryseels, 1988).

The vast majority of small-scale farmers in central Ethiopian highlands have abandoned
nutrient recycling through manure, to compensate for lack of access to chemical fertilizer
(Tesfaye et al. 2004). The traditional practice of adding manure to the soil and allowing
crop residues to decay in the fields has also dropped (Kahsay, 2004). Nutrients are
removed from the soil through plant root systems, transformed to plants tissues and
exported in the form of grain and straw outside the farms without any or little replacement.
Therefore, organic matter content in the soil is diminishing very fast. Farmers rely on
commercial fertilizer to meet crop needs for nutrients (IPMS, 2004). Some of the soil
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types in the study area had enough soil nutrients to meet crop needs over short term, but
over the long-term large off-farm fertilizer inputs would be required to maintain soil nutrient
balance and crop yields. The current prices of commercial fertilizer are beyond the reach
of resource-poor farmers, which will force some farmers to drop the use of fertilizers
(Endale, 2011). Thus, mixed crop-livestock production systems are in crisis because of:
(a). Changes in socio-economic status has forced farmers to drop the traditional
agricultural practices and adopt other livelihood options (b). Lack of promotion of scientific
technologies meant to intensify crop-livestock production at subsistence level as expected
(Alemu, 2002).

The impact of livestock on land degradation is a serious problem unless proper stocking
rates, management and proper land uses are enforced. Livestock rearing has to be
considered as a business enterprise by small-scale farmers for sustainable and
environmentally friendly development (Azage, 2002). Intensive livestock operations often
have inadequate land base to efficiently use all they generate, so there is increased risk of
water contamination and health hazards (Yoseph et al., 1999; 2002). Excess use of
manure in some fields can also create toxicity to plants, water and eventually affect
productivity (Tesfaye et al., 2004). Thus, there was an imbalance of nutrient flow in
intensive and extensive livestock production systems in the study area.

In spite of the economic importance of livestock production in Ethiopia, there is very little
or no information about the interactions of livestock and environment in relation to climate
change and the impact on livestock production. The only exception is the work done by
Steinfeld et al. (2006) and de Hann et al. (1998) on global livestock and environment
interactions, otherwise there is no other information on specific aspects of environmental
and livestock interactions at regional and country level, particularly under small-scale
farming.

This study is anticipated to fill in the gap in the literature by examining the impact of
environment on livestock and in vice versa; using household socio-economic survey,
biological data of soil and water laboratory analysis, secondary data from weather stations
and different crop forecast models. This study intended to assess the interrelationships of
livestock, soil, water, land, climate, crop and humans under mixed crop-livestock
production systems; and to come up with recommendations that could assist in forming
environmentally friendly livestock production systems. It also envisioned generating future
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research topics that could be used by the scientific community to develop strategies to
combat the effects of climate change and other environmental consequences.

1.3

Research aims and objectives

The aim of this study was to determine the magnitude and intensity of livestock, soil,
water, land, climate, crop and human interactions in the central Ethiopian highlands, with
emphasis on the Ada district by using methodology that integrated socio-economic data
and biological information with reference to secondary data.
Therefore, the objectives of this study were:
1. To assess the effect of change in land management on carbon storage and the
contribution of livestock to carbon storage.
2. To examine the impact of livestock on natural resources and the environment.
3. To assess the effects of the change in traditional agricultural practices, expansion
of factories, slaughter houses, greenhouses and flower farms on water and soil
quality.
4. To evaluate the effect of climate change on livestock production under smallscale agriculture.
5. To recommend options for mitigation and adaptation to environmental changes.

1.4

Significance of the study

The farming communities would be made aware about imminent climate changes and the
likely impacts on their livelihoods. Local and national government bodies would also need
to understand climate change hazards and prepare for mitigation and adaptation options.
Livestock farmers should be made to understand that livestock keeping has negative
consequences on the environment if not properly managed. Livestock production
contributes positively to carbon storage and negatively to climate changes through
improper land uses, degradation, greenhouse gas emissions and the pollution of land,
water and air. In order for communities to survive, they need to adapt to environmental
changes and respond appropriately.

Expansion of processing industries, flower farms and abattoirs produce chemical
discharge into the soil and water bodies that are used by livestock and people.
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Documentation and monitoring of the level of chemical discharges before they reach
hazard levels is important.

Establishment of appropriate policies and institutions that

trades-off environment and livestock to avoid the level of damage on environment as well
as documenting the influence of global climate change on livestock production is vital.
Accordingly, there is a great need to assess the relationship of livestock, land, water, soil,
crop and human related issues under small-scale farming to recommend how to balance
these relationships.

1.5

Outline of the study

Chapter 1: provides the background on climate change, livestock and environment
interactions. It stipulates the problem statement and objectives and the significance of the
study.
Chapter 2: focuses on livestock and environment interactions. It specifies the impacts of
livestock on environment and vice versa. It also explores the effect of climate change on
agriculture and the adaptation measures for livestock production in Ethiopia.
Chapter 3: presents the study area, the materials and methods used in data collection
and analysis.
Chapter 4: investigates alternative land management practices for carbon sequestration
and the role of livestock in mixed crop-livestock production systems in Ethiopian
highlands.
Chapter 5: examines manure use and management under small-scale agriculture and
their impacts on the environment.
Chapter 6: explores water quality for livestock in urban and peri-urban areas in Ethiopia.
Chapter 7: investigates heavy metal contamination from industrial waste and its impact
on environment and livestock production.
Chapter 8: explores climate change on livestock production in central Ethiopian highlands
and discusses the extent of awareness of climate change in the study area. It further
investigates the choice of adaptation measures and factors that affect the choice of
adaption measures.
Chapter 9: summarizes, concludes and makes recommendations based on the findings
of the study.
11

CHAPTER 2:

2.1

LITERATURE REVIEW

Introduction

Global climate change is one of the most significant environmental challenges in the
world. The intergovernmental panel on climate change (IPCC, 2007) has indicated that
global warming due to climate change could lead to many environmental threats i.e.
drought, floods, sea level rise, decline in crop and animal production, and health hazards,
among others. Greenhouse gases (GHGs) are released in the atmosphere both from
natural sources and anthropogenic (human related) activities. However, during the past
few decades, the amounts of GHGs released into the atmosphere due to human activities
have increased significantly (FAO, 2006).

The impact of climate change on animal production has been broadly categorized as
direct and indirect effects (Naqvi and Sejian, 2011). The direct effects are absolute
outcomes observed in animals such as heat stress due to the increase in ambient
temperature, reduced feed intake and abnormal physiological process, change in animal
behavior and metabolism, stunted growth, reduced productivity, and reproductive
malfunction. The indirect effects of climate change are due to the change in animal
environment such as reduced feed quality and quantity, reduced water resources and
quality, increased severity and distribution of diseases and parasites, financial losses due
to the cost of production and animal performance (Hansen, 2004). Both the direct and
indirect effects of climate change result in a decline in production and reproduction
performance of livestock.

There are some livestock species which can thrive well under harsh climate conditions
either due to natural selection or through human genetic improvement programs (Jahnke,
1982). Natural selection is a biological adaptation process that requires a long period and
changes happen slowly (Solomon, 2000). Humans interfere with natural adaptation
processes by adapting animals and plants through domestication and selective breeding.
Hansen (2004) reported that Bos indicus cattle breeds of the tropics are capable of
regulating body temperature in response to heat stress much better than Bos taurus cattle
breeds of European origin. The superior ability of regulating body temperature during heat
stress is the result of lower metabolic rates as well as increased capacity for heat loss.
Once specific genes that are responsible for thermo tolerance in B. indicus cattle have
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been identified or mapped, breeding strategies such as marker-assisted selection and
transgenic tools can be applied for further exploitation of B. indicus genotype for cattle
production systems under increased temperature or heat stress condition (Hansen, 2004).

There are different means of adaptations to environmental change such as migration.
Gray and Muller (2011) investigated the effects of drought on the labor and marriagerelated mobility of men and women over a ten-year period in Ethiopia. Migration of birds
and wildlife is also common when there is an ecological imbalance, and natural resource
base is no longer able to support them, on the one hand, and on the other hand, climate
change affects the migratory trends of birds and animals (Robinson et al., 2005). For
instance, increased drought is likely to extend the width of deserts which are currently
significant barriers to migratory birds. This affects the ability of Afro-European migrant
birds to fatten sufficiently before they cross the deserts (Robinson et al., 2005). The
habitats that migratory birds depend on are in danger of changing or disappearing due to
increasing desertification, flooding and rising temperature. Migratory birds are particularly
vulnerable because of their use of several habitats during migration as stopover sites for
feeding, resting and pastime during bad weather (Robinson et al., 2005).

The classical way of thinking about climate change and its effects is about people, but it
may also affect other living creatures too, such as wild plants and animals (FAO, 2011).
Some wildlife species are adapting to the changing climate already by migrating earlier or
later than usual, or by extending their migration patterns in search of suitable habitats.
However, not all animals are capable of acclimatizing fast enough. For example, there is
concern by environmentalists about the decreasing population of amphibians and reptiles
(FAO, 2011). Wildlife populations are linked together in a food chain. When smaller
animals fail to thrive, there is less food available for the larger animals. Through the web
of life, factors that damage one population will eventually have an impact on other
populations even to humans and livestock. Altizer et al. (2011) reviewed about how the
long distance migrating wildlife can cause disease threat to humans and livestock. The
reviewers reported that the deadly Ebola outbreaks in the Democratic Republic of the
Congo have been linked to an influx of migratory fruit bats. In the future, shifts in natural
migration patterns may change the places and how such disease outbreaks could occur.
Destruction of habitats by urbanization or agriculture can eliminate stopover areas forcing
more animals to fly to the remaining few sites. This in turn could create hotspots for
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disease transmission. The human encroachment on these natural sites could also
increase the risk of contact with infected animals (Altizer et al., 2011).

Animals that are hardy and adapted to reference climate conditions may thrive well while
others may move to more suitable regions (Naqvi and Sejian, 2011).

Livestock adapted

to hot environments will be preferred in hot semi-arid and arid regions. Thus, climate
change may result in a decrease or increase in populations of a livestock species in many
regions (Moss et al., 2000; IPCC, 2007). Natural selection of livestock species to
particular environments is the other adaptation strategy to climate change (Gaughan et
al., 2009). Camels, sheep and goats are believed to be less susceptible to environmental
stress than other livestock species (Tezera et al., 2010). These animals have unique
characteristics such as higher water conservation ability, higher sweating rate, lower basal
heat metabolism, higher skin temperature, constant heart rate and constant cardiac
output. They compensate adaptation to harsh environments at the cost of lowering
performance such as growth, production, metabolism and reproductive performance
(Hansen, 2004).
The livestock genetic improvement programs in the 20th century targeted increased
productivity that has resulted in animals that are susceptible to heat stress, feed scarcity,
diseases and pests (Hansen, 2004). Differences in the resistance of livestock to different
harsh environments could allow for selection within and between breed and species that
are suited to particular environmental conditions. Exploiting the genetic merit of the wild
relatives of these animals may be another option (Hansen, 2004). However, the selection
of such animals may result in an improved welfare and ability to cope with harsh
environmental conditions at the expense of productivity (Gauhghan et al., 2009).
Mitigation of livestock to climatic stress becomes necessary if high producing and less
tolerant livestock are to be reared in harsh environmental conditions.

2.2

The demand for livestock products in Ethiopia

The future demand for livestock products in Ethiopia will be mainly affected by two factors:
population growth and socioeconomic scenarios. The current population of 85 million is
dominated by young people at nearly 50% of the people under 14 years of age and the
population is growing at the rate of 3.2% a year (MoFED, 2011). At the current pace of
growth, the population is expected to be more than double by 2050 (NMSA, 2001). It has
14

predicted the population growth till 2030 based on three variables obtained from the
response level of the Ethiopian community to family planning and modernization. The
variables are categorized as low, medium and high variants, which estimated the human
population of Ethiopia to reach 118.1 million, 129.1 million and 149.4 million respectively
by 2030.

The future climate change will occur in a changed socioeconomic condition, too. These
changes are challenged by growth in per capita income, adaptation of changes by
Ethiopian society in their culture, societal infrastructure development and global
technology growth. The cultural change includes transforming into more secular society
(renovating religious sect) and thus consumers’ taste and preference change. Badada
(2000) set economic indicators such as GDP gross, growth rate and per capita, for low,
medium and high scenarios. The author estimated the GDP growth rate from 2000 to
2030 to be in the range of 3.5 - 4.2, 4.7 - 5.8 and 6.0 - 7.6 for low, medium and high
economic growth scenarios, respectively.

Assuming a high economic growth rate in Ethiopia with a GDP growth rate of between 6
and 7.6% per annum until 2030, the anticipated per capita consumption would be 154 kg
for cereals, 14 – 20 kg of meat and 40 – 60 kg of milk per year (Badada, 2000). Taking
into account medium population growth rate and the highest economic growth rate; to
satisfy the consumer demand in 2030, Ethiopia needs to produce 2.2 million tons of meat
that is triple the current production and 6.5 million tons of milk that is four times the current
milk produced (FAOSTAT, 2012). However, to satisfy the demand there are many other
options such as; (a) Increase in productivity per animal through intensive farming, (b)
Increase in livestock population through extensive management under the existing
situation, (c) Importation of animal products, (d) A combination of all the above options.
The second and third options are not recommended under the current technologies and
socioeconomic changes.

Even without the increase in the demand of meat and under a medium population growth
rate scenario, the demand for meat will double by 2030, while the demand for milk will
triple. That means there has to be an increase in cereal production for human and animal
consumption of about 22 tons by 2030, which is more than twice the current cereal
production level of 12 million tons per annum (FAOSTAT, 2012).
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2.3

Climate change scenarios in Ethiopian context

Records based on historical data from 1961 to 1990, showed that the rainfall pattern has
remained constant on average over the whole country, although there is a decline in the
north and southwest, and an increase in central Ethiopian highlands (NMSA, 2001). The
average annual minimum temperature has increased by about 0.25oC every decade,
while average maximum temperature has increased by about 0.1oC during the same
period (NMSA, 2001). For climate change scenario analysis, NMSA (2001) used three
equilibrium and one transient General Circulation Models (GCMs), namely; Canadian
Climate Center Model (CCCM), Geophysical Fluid Dynamics Laboratory model (GFDL),
the United Kingdom Meteorological Office-1989 model (UKMO-89), and GFDL-Transient
model; in addition to outsourced incremental scenarios.

The result of models analysis showed that projections for rainfall did not manifest a
systematic increase or decrease. The GFDL model gave 10-20% increase for the major
rainy season for places north of 8° latitude and west of 41° longitude. CCCM model
projected an increase by about 50% for extreme northern areas, while the transient model
projected a decrease. An increase of 5% of the short rainy season was projected for
southwest, south and southeast parts, while a decrease was expected for the northern
parts by all models (NMSA, 2001).

2.4

Impacts of climate change on agriculture in Ethiopia

NMSA (2001) used the three equilibrium and one transient GCM models to predict the
impact of climate change on crop production for two crops (wheat and sorghum), in
different agro-ecological zones by using DSSAT crop simulation model.

The models

generally predicted a decrease in maturity period and yield for wheat except CCCM
climate model which predicted yield increase. In the case of sorghum the model predicted
an increase in potential grain yield, because of above ground biomass and improved
nitrogen uptake as input level increased. The results show that when there is a climate
change, there is room for adaptation by changing farming systems and management
(sowing time, seed rate, fertilizer application, etc.), adapting suitable crop varieties and
types,

changing

crop

agro-ecology,

promoting

irrigation

and

natural

resource

management. Fischer and van Velthuizen (1996) suggested that temperature rise may
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have a negative effect in many lowland and semi-arid zones while highland areas will
benefit.

Deressa and Hassan (2009) used Ricardian model to analyze the impact of climate
change on crop farming based on household interviews and weather station data. The
results showed that marginal increase in temperature during winter and summer seasons
reduced the net revenue per hectare, while the marginal increase in temperature in the
spring and autumn seasons increased the net revenue per hectare. The reason for an
increase in revenue was that spring is the planting season in Ethiopia, thus a slightly
higher temperature to the level of precipitation enhanced germination and viability.
Autumn is when crops mature; hence, moderately increased temperature enhanced
maturity and reduced losses.

Likewise, increased precipitation in spring improved

germination and yield, while increasing precipitation and temperature in winter (dry
season) reduced the yield and net revenue per hectare due to favorable environment
created for pests and diseases. Marginal increase in precipitation in summer and autumn
reduced net revenue per hectare due to flooding, compaction, weed invasion, disease and
pest outbreak and erosion.

The impact of future climate change on crop production was also analyzed by Deressa
and Hassen (2009) using uniformly changed temperature and precipitation scenarios as
well as by applying predicted values of temperature and rainfall from three climate change
models (CGM2, HaDCM3 and PCM). All models predicted increases in temperature and
precipitation for the years 2050 and 2100, except CGM2 model which predicted a
decrease in precipitation for 2050 and 2100. Results showed that all the climate change
models forecasted an increase in net revenue per hectare by 2050, whereas by 2100 it
would decrease.

Climate change impact studies in Ethiopia focused either on the economy or on the crop
agriculture sector but did not give due consideration to impacts by agro-ecology and
livestock agriculture (Zenebe et al., 2011).

These authors analyzed and estimated

marginal effects of the climate variables on crop/livestock/farm net revenue per hectare.
Net revenue per hectare was reported different for temperature and precipitation and also
for crop, livestock and mixed agriculture. An increase in temperature (PCM, HadCM3 and
CGM2), an increase in precipitation (HadCM3 and PCM) and a decrease in precipitation
(CGCM2) reduced incomes obtained from crop, livestock and mixed agriculture for 2050
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and 2100. The decline in income

was similar to uniform climate scenarios (increasing

temperature and decreasing rainfall). However, the impact of climate change due to
temperature increase affected

crop production more than livestock, while reducing

rainfall severely affected livestock more than crop production (Zenebe et al., 2011) when
considered under most of climate change forecast models and scenarios.

Under a

uniform forecasted climate change scenarios, i.e., an increase in temperature by +ve2.5oC
and +ve5oC and a decrease in precipitation by –ve7% and -ve14%,

has a significantly

affected crop production more than livestock. Zenebe et al (2011) also forecasted
temperature and precipitation for 2050 and 2100 based on agro-ecology but it failed to
depict the wider climate variation that exists across the country and unfairly predicted
temperature and rainfall change across the agro-ecology as insignificant.

More than 95% of total livestock in Ethiopia thrive under extensive livestock management
systems. The major livestock feed sources are crop residue under mixed crop-livestock
production systems in the highlands and pasture under lowland pastoral livestock
production systems. There has been frequent drought and a decrease in annual rainfall
over the last few decades, which diminished the biomass yield of pasture and crop
residues (Gray and Muller, 2011). Pasture and crop-residue quality have deteriorated due
to climate change and total availability of feed and fodder resources are constantly scarce.
In some areas C 3 grasses of high nutritive value are being replaced by lower quality C 4
tropical grasses (Barbehenn et al., 2004). Disease and vector expansion, water resource
availability and quality are among the climate change challenges that may seem to be on
a downward trajectory.

2.5

The role of livestock in climate change

The weather data show that an increase of 1°C makes the earth hotter now than it has
been for the last hundreds of years (IPCC, 2007). It is not only about how much the earth
is warming, but also about how fast it is warming and what will be the future. Although
global warming is quite natural in human history for thousands of years, the fast and high
temperature rise over the last 100 years has never occurred before (IPCC, 2007). The
increasing global atmospheric temperature has been attributed due to an increase in the
concentration of greenhouse gases in the atmosphere, an occurrence known as global
warming (FAO, 2006). Indeed, average global temperature has risen considerably, and
the IPCC (2007) predicts increases of 1.8 - 3.9ºC by 2100.
18

The greenhouse gas emissions from the agricultural sector contribute about 25.5% of total
global radiation and over 60% of anthropogenic sources (IPCC, 2007). Livestock
production accounts for 18% of GHG emissions that cause global warming (FAO, 2006).
Methane (CH 4 ) contributes the largest greenhouse gas emission which is almost
equivalent to other non-CO 2 GHGs combined (Kulling et al., 2003). Although atmospheric
concentrations of GHGs have increased by about 39% since pre-industrial era, CH 4
concentration has increased more than double during the same period (WHO, 2009).
Reducing the increase of GHGs emissions from agriculture, especially from livestock
production should therefore be a top priority, because it could limit global warming
substantially and faster (Sejian et al., 2010).

Methane is considered to be the largest potential contributor to the global warming
phenomenon (Steinfeld et al., 2006). A significant amount of the global GHG emissions
currently comes from enteric fermentation and animal manure from traditional
smallholders mixed farms in developing countries (FAO, 2006). Furthermore, the effects
of climate change may lead to global warming and the rise of the sea level (Gaughan et
al., 2009). This may lead to outbreaks or spread of many infectious diseases, increase in
the incidences of heat stroke and livestock diseases due to air pollution (Altizer et al.,
2011).
2.5.1

The role of methane in GHG inventory and climate change

Methane is one of the primary greenhouse gases and second only to CO 2 in generating
greenhouse effects. It is 21 times more effective in trapping heat than CO 2 on a
weight/weight basis (Moss et al., 2000). It has a short atmospheric life span of 10-12
years compared with 120 years for CO 2 (IPCC, 2007). Natural sources such as wetlands,
termites, ocean fresh water and gas hydrates contribute about 30% of total global
methane emissions (West et al., 2006 ).

The rest (70%) comes from anthropogenic

activities like livestock rearing, rice/paddy cultivation, natural gas and petroleum
processing and use, coal mining, landfills, livestock manure, wastewater treatment etc.
(FAO, 2006). The reduction of methane may lead to rapid benefits and recovery from
greenhouse gas emissions. Currently, cost effective technologies have been developed
and are available for the control of most anthropogenic methane emissions (Reilly et al.,
2003).
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Methane from agricultural sources: More than 50% (about two thirds) of global
anthropogenic methane emissions were caused by agricultural practices. The major
sources of agricultural emissions of methane are ruminants, rice cultivation, handling and
processing of livestock manure and biomass burning (FAO, 2006).

2.5.2

The contribution of ruminants to GHG through enteric-methane emission

Ruminants such as cattle, buffaloes, sheep and goats contribute the largest proportion of
the total agricultural emissions of methane (Gaughan et al., 2009). Ruminants are
characterized by the presence of a rumen, which is a special digestive organ in the body
(Jahnke, 1982). Besides having a unique ability to digest fibrous and low grade
roughages, the rumen is also a major producer of methane, a potent greenhouse gas
(FAO, 2006). The enteric fermentation in the rumen is very useful because it converts
coarse and fibrous roughages to absorbable nutrients. However, enteric fermentation in
the rumen also produces methane through bacterial breakdown of feeds through a
process called methanogenesis.

Ruminant animals release methane into the atmosphere through exhaling or ruminating
through the mouth and nostrils (Berhanu, 2006). Enteric fermentation also produces
volatile fatty acids. Among the volatile fatty acids, acetic and butyric acids promote
methane production. Global emissions of methane from the digestion process in
ruminants is in the range of 70-220 million tons per year (Reilly et al., 2003) and is
considered to be the largest source of anthropogenic methane emissions (IPCC, 2007).
Methane from ruminants can be managed for the reduction of methane emissions (West
et al., 2006).

NMSA (2001) carried out greenhouse gas inventory in Ethiopia in order to identify the
principal sources of emissions and to establish quantitative estimates of the emissions
from different sources in the country. The five emission sectors were categorized as:
energy, industrial processes, agriculture, land use change and forestry and waste
material. Emissions of six gases were identified from these sectors including carbon
dioxide (CO 2 ), methane (CH 4 ), nitrous oxide (N 2 O), nitrogen oxide (NO), carbon
monoxide (CO), non-methane volatile organic compounds (NMVOC) and sulfur dioxide
(SO 2 ) for 1990 to 1995. Emission factors recommended by the IPCC (1996) were adopted
in greenhouse gas inventory in order to quantify the emission volume of each gas.
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According to NMSA (2001), the total CO 2 emissions in Ethiopia, excluding the land use
change and forestry (LUCF) sector, were estimated at 2 596 Gg in 1994. About 88% of
CO 2 emissions came from fossil fuel combustion in the energy sector, which is the main
emitter of CO 2 within the sector. The industrial processes sector contributed 12% of CO 2
emissions mainly as a result of cement factories. In 1994 biomass burned for cooking and
warming, mainly in domestic households, released about 66 757 Gg of CO 2 . This amount
was not included in national CO 2 emissions inventory as per the IPCC recommendation.
Because IPCC (1996) assumed that biomass resources were consumed on a sustainable
basis, a balance of emissions and sink. For example, fuel wood burned in one year but regrown in the next, only recycles carbon rather than creating a net increase in total
atmospheric carbon. The country’s stock of natural forests, woodlands, shrubs and
plantations sequestered about 27 573 Gg of CO 2 in 1994 while emissions of CO 2 were
estimated to be 12 510 Gg in the same year as a result of deforestation. Therefore, the
net carbon balance of the land use change and forestry (LUCF) sector was a net sink in
1994, which amounted to about 15 063 Gg of CO 2 . This amount is a balance between
change in forest and other woody biomass stocks and forest and grassland.

The role of livestock in methane production: Although there is a huge livestock
population of 98.9 million heads in Ethiopia (Table 2.1), livestock systems are small
contributors to greenhouse gas emissions (Table 2.2) resulting in about 1.76 million tons
of methane per year. The global methane emissions from all sources have been
estimated at 500 - 600 million tons/year (IPCC, 2001). The estimated values of methane
emissions from domestic animals varied widely in different reports from 70 to 220 million
tons/year (Reilly et al., 2003). The large variation was attributed to the methodology
adopted and assumptions made in estimating the emission rate per animal.
Table 2.1: Ruminant population in Ethiopia
Species

Ethiopia (mil)

World (mil)

World (%)

Cattle

50.90

1334.50

3.80

Goats

26.0

780.10

3.30

Sheep

22.0

1038.76

2.12

Total

98.90

3326.06

2.97

Ranking in the world

Source: FAO (2006) for world ruminant population and FAO Stat (2012) for Ethiopia
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10th

Livestock production systems play a significant role in the Ethiopian economy by
contributing a large amount of draught power and food (milk meat and eggs); fiber (wool,
costumes); hides, skins and manure. Methane emission from enteric fermentation is about
1.76 million tons per year (Table 2.2), which was in the range of 0.3 to 0.35% of the global
methane emissions. More than 84% of the total methane emission from enteric
fermentation was from large ruminants and the rest from small ruminants and equines
(Table 2.2). The amount and type of feed consumed and digested were two important
sources which contributed to the total methane production (Berhanu, 2006). Methane
production per animal in developing countries was relatively much lower than the values
reported for the animals in developed countries. This was accredited to body size of the
animal and the amount of feed provided to the animals (Berhanu, 2006). On average,
cattle in developing countries produced about 28-35 kg methane per annum compared
with 55 kg methane/annum for cattle in the developed world (FAO, 2006).
Table 2.2: Methane emissions from livestock
Ruminants

Tons (mil)

(%)

Cattle

Methane emissions
(kg/animal/year)
28.84

1.47

83.50

Goats

3.92

0.10

5.70

Sheep

2.88

0.07

4.00

Others*

20.00

0.12

6.80

Total

55.64

1.76

100.00

*Camels, horses, ponies, donkeys, and pig; Source: Singhal et al. (2005)

Although the current level of methane emission from livestock sector in developing
countries is not a threat to global warming, the current fast economic and human
population growth could drive the increase demand for animal protein, which may attract
more investment in intensive agriculture, and lead to high methane emissions. Therefore,
future strategies and research efforts should be directed towards mitigating methane
emissions.
2.5.3

Mitigation strategies for methane emissions

Several alternatives for mitigating methane production and plummeting emissions into the
atmosphere by livestock have been proposed (Reilly et al., 2003). The amount of methane
production from the rumen and the total release of methane into the atmosphere can be
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reduced through the introduction of appropriate technologies. All alternatives suggested
either the reduction of methane production per animal or per unit of animal product
(Johnson et al., 2002). Sejian et al. (2010) described the factors to be considered for the
selection of the best alternatives for the reduction of methane emissions including climate,
economic, technical and material variables, existing waste management practices, and
regulatory requirements. Methane mitigation strategies can be grouped under three
broader categories such as management, nutritional, and advanced biotechnological
strategies (Sejian et al., 2010).

Methane gas has a relatively short shelf life (10-12 years) in the atmosphere as compared
to other greenhouse gases such as CO 2 which has a shelf life of 120 years (IPCC, 2007).
Therefore, due to its short shelf life, the strategies for the reduction of methane in the
atmosphere should be a practical means of slowing global warming (Turnbull and
Charme, 2001). Lelieveld et al. (1993) estimated that decreasing the emission rate by
only 10% will stabilize the methane concentration in the atmosphere to current level. The
mitigation strategies for reducing enteric methane production from ruminants are
summarized in Table 3 below.
Table 2.3: Strategies to reduce methane emissions from livestock
Strategies
•

Improved genetic selection to produce low methane producing animals.

•

Efforts must be taken to reduce livestock population.

•

Improved nutrition by providing high quality feed and strategic supplementation of
essential nutrients.

•

Improving grassland management.

•

Ensuring proper health and care through upgraded veterinary practices.

•

Increasing the proportion of concentrate feeding.

•

Diet modification through ammonia and molasses feeding to reduce methane.

•

Oil and ionophore supplementation e.g., monensin and tannin.

•

Defaunation and rumen microbial intervention.

•

Reducing the manufacture of livestock products.

•

Employing advanced technology like immunization and recombinant technology for
reducing methane production.

Source: Sejian et al. (2010)
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2.6

Environmental problems associated with livestock and humans

Land use change: High population density in large areas of the country has created
negative effects on agricultural production and environmental security. The per capita land
holding declined from an average of 1.76 ha in 1985 to 1.1 ha in 2000 and is expected to
decline further to an average of 0.66 ha in 2015 (IUCN, 1990). Average farmland per
household in the southern highlands has already decreased to less than 0.25 ha (MoFED,
2006). This has led to severe competition in land use between crop, grazing and forest
lands. It is evident that so many meadows in the flood plains have been converted to
croplands (Kahsay, 2004). In addition, due to the clearing of vegetation for cultivation,
many steep areas have become vulnerable to wind and water erosion. Important browse
that serve as dry season feed have been used for construction and fuel (Alemayehu,
2005). The change in land use has adversely affected the availability of grass and shrubs,
leaving livestock herds poorly nourished and prone to low production, low reproduction
and diseases as more land is allotted for cultivation and other purposes.

Overgrazing and land degradation: The simultaneous increase in both human and
livestock populations brought the depletion of biological resources. This in turn forced
livestock to move to the upper slopes in search of feed or to concentrate on the small
natural pasturelands and roadsides. This caused overgrazing and soil erosion, which
eventually led to land degradation. Cow dung which could have been used to enrich soil
is consistently collected and used for household energy requirements (Halderman, 2004;
Kahasye, 2004; Tesafye et al., 2004).

In the highlands, it was reported that livestock affects the physical properties, moisture
content and infiltration rate which led to increased soil erosion (Bojo and Casells, 1995; de
Hann et al., 1998). The actions of animal hooves especially, the small cloven hooves of
sheep and goats destroy vegetative cover which exacerbated land degradation (Steinfeld
et al., 2006). Heavily grazed plots were found to have a lower species composition than
medium grazed ones (Taddese and Peden, 2003).

Emission of gases from livestock: Animal husbandry results in CH 4 emissions from two
main sources: enteric fermentation (the digestive processes of animals) and waste
management. The estimated total amount of CH 4 emissions from enteric fermentation in
1994 was about 1337 Gg, accounting for 80% of the total national emissions, which dung
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used as a fuel released 49.5 Gg CH 4 per annum (NMSA, 2001). Global livestock and
waste management contribute about 16% of total annual CH 4 production (FAO, 2006). It
is obvious that Ethiopia’s contribution to the global emissions of GHGs is negligible.
However, it has been noted that there was a general increase in GHG emissions in
Ethiopia in the period between 1990 and 1995 and it was expected to increase in the
future along with socioeconomic development and population growth (NMSA, 2001).

Reduction of domestic animal diversity: Commercialized and mixed livestock
production systems use a very limited range of animal breeds (Azage and Alemu, 1997).
This has already led to the extinction of some local livestock breeds and genetic erosion
of others (Nigatu et al., 2004). Specific genetic merits in local breeds that cope with the
climatic, nutritional and disease challenges may already have been lost (Schneider,
2006).

Soil and water pollution: Intensive livestock production creates enormous pollution
problems because it brings in large quantities of nutrients in the form of concentrate feeds
and then it has to dispose of the waste in nearby residential areas (Azage and Alemu,
1997), which quickly become saturated. As a result, land and ground water become
polluted. The human health hazard from poor waste disposal in residential areas is a
serious problem (Schneider, 2006).

2.7

The impacts of environmental changes on livestock production

Climate change and its impact on livestock production: According to NMSA (2001)
the climate in Ethiopia is mainly controlled by the seasonal migration of the inter-tropical
convergence zone (ITCZ) and associated atmospheric circulation as well as by the
complex topography of the area. Previous studies at international and regional level have
proved that natural and human-induced climate variations ranging from short-term i.e.,
seasonal to inter annual variability due to El Niño Southern Oscillation (ENSO), to longterm changes (i.e., temperature shifts and sea level rise associated with greenhouse
warming) may have a significant impact on water resources, grasslands and livestock,
crops and forests, physical aspects of the coastal zones and even on human health
(NMSA, 2001). Studies by NMSA (2001) have shown that there is a link between El Nino
and La Nina phenomena and rainfall in Ethiopia. As a result, the associated occurrence of
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extreme events like floods, droughts and severe weather conditions, as well as the steady
change in average climatic conditions are currently matters of concern.

Evidence that could be associated with climate change has already started to appear in
Ethiopia. In the last 50 years the annual average minimum temperature over the country
has been increasing by about 0.20ºC every decade. The country has experienced
frequent and extensive droughts in recent decades which caused severe food shortages
and famine. The spread of malaria into the highlands which had never experienced
malaria before, loss of biodiversity and a decline in wildlife numbers have been observed
(Cline, 2007). Recent studies (NMSA, 2007) indicated that the projected changes in the
current climate and its variability would have serious implications on natural resources, the
economy and the welfare of Ethiopia.

NMSA (2001) conducted an environmental impact assessment using climate change
scenarios in Ethiopia, which considered incremental changes by assuming a 2 to 4ºC
increase in temperature with changes of ± 20 to ± 10%, respectively, without change in
rainfall over and above the 1961/1990 mean rainfall. Based on the temperature
incremental change, the impact of climate change was analyzed for wheat in the
highlands, and the results showed that the United Kingdom meteorological office-1989
(UKMO) and geophysical fluid dynamics laboratory model (GFDL R-30) projected a
decrease in crop maturity

from -ve10.6% to -ve18.5%). A decrease in yield was also

predicted by the two models, which might be associated with an increase in temperature
and may significantly shorten crop developmental stages. The decrease in the yield of
wheat has direct and indirect implications on livestock development. The direct impact is
that wheat grain and wheat bran are major constituents of concentrate feeds in Ethiopia.
The price of concentrate feeds has increased by 25% under the current market prices
compared with the 2006 base price (Mekete, 2008). The anticipated decrease in wheat
yield because of incremental climate change scenario is likely to trigger higher inflation
rate for concentrate feeds. The indirect influence is that wheat straw is a major crop
residue that is fed to livestock in the highlands (IPMS, 2004). And since the yield of grain
and straw are positively correlated, a decrease in grain yield consequently results in a
reduction of straw, which aggravates feed shortage at smallholder level.

Climate change would affect grasslands and the livestock sector in many ways such as
changes in pasture productivity in quantity and quality (by increasing the lignin content
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and other unavailable phenolic chemicals), reduce livestock productivity and reproduction,
increase in distribution and incidence of animal and plant diseases (NMSA, 2001). For
instance, trypanosomiasis used to be a livestock disease in the lowlands in Ethiopia, but
recently the disease moved to the highlands due to ecological changes (Markose, 2007).
Sutherst et al. (1996) carried out an integrated assessment of the socioeconomic impacts
of climate change on Boophilus microplus (cattle tick) and reported that global warming
may result in a wide spread of ticks in both New Zealand and Australia. The cattle tick
cause losses in productivity as

the vector feeds on blood and transmit tick borne

diseases which have a high rate of mortality in cattle that are not adapted.

In general, microorganisms including viruses, bacteria and fungi that are fatal to animals
and forage crops, take advantage of climate change (temperature, humidity etc.) to
spread and threaten the survival of livestock. Biological mutation of these organisms
enhanced by favorable environments could worsen the situation (Cunningham, 1995). The
current climate variability and drought are major challenges for the livestock sector and
the species biodiversity.

Economic development and environment: With the current increase in population
growth, industrialization, urbanization, mining activities, intensified agricultural as well as
other developmental activities, there will be the risk for an increase in the number and
level of pollutants. It is therefore inevitable that the quality of unprotected underground
water will continue to contaminate surface water (GIRDC, 2007).

Industrial pollution and livestock drinking water: The majority of industries in Ethiopia
are located along the banks of rivers and streams from where they draw water for their
processes (Fisseha, 2002). This contaminated water is used as drinking water for human
and animals and it is also used for cooking and other household activities. Most of the
high water consuming industries in Ethiopia discharge their waste water directly into the
streams and water courses without any kind of treatment whatsoever (Fisseha, 2002).
This could be due to either lack of technical knowhow of wastewater treatment plant
operations or due to lack of regulations and effective control regarding industrial and
domestic effluents by concerned authorities (GIRDC, 2007).

Agricultural pollution and livestock drinking water: Polluting substances introduced as
a result of agricultural activities include: inorganic fertilizers, insecticides, herbicides and
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organic matters. These pollutants enter water bodies mainly through surface runoff and
irrigation return flows. Pesticides mostly used include chlorinated hydrocarbons, organophosphates and carbonates. Fertilizers in use are basically of nitrate and phosphate
origins. Furthermore, control of disease vectors is carried out illegally by using pesticides
like dichloro-diphenyl-trichloroethane (DDT) and Lindane whose residues persist for long
periods (GIRDC, 2007). These chemicals are toxic and their use has been banned in
many countries, including Ethiopia. The majority of people in Ethiopia (75%) do not have
access to safe water sources and toilets (World Bank, 2011). In rural areas humans
defecate out in the field causing contamination of water and soil by transmittable and fatal
parasites and chemicals like nitrogen. Water sources for both human and livestock are
rivers, lakes, seasonal floods and ponds, which have the possibility of being contaminated
by pollutants (Tamiru et al., 2003).
2.8

Adaptation measures to climate change

Options of livestock technology innovations help to implement alternatives for the
anticipated climatic and socioeconomic changes and to recommend preventive measures
in the vulnerable livestock systems. The option analysis will establish and demonstrate the
importance of applying such innovations and the urgency to implement them in the near
future. Such innovations must be based on recommendations that originate from local,
national and international experiences based on lessons from government and nongovernmental organizations, the results of scientific findings, the experience of community
based organizations, as well as local knowledge and reviews of the achievements by
other countries. The focus of options for livestock technology innovations is, therefore, on
livestock production, input supply and service and marketing, which is trying to satisfy a
growing demand without damaging the environment.
2.8.1 Adaptation options for grassland and livestock sectors
It is to be noted that the coping mechanisms and adaptation strategies in which the
pastoral communities have been employing for generations are inclusive of using the
traditional skill, knowledge and resource management. In general, however, the
adaptation strategies commonly practiced can be broadly categorized into three major
areas (Beruk, 2000). These are: (a) Improving the survival and productivity level of the
livestock and the rangelands; (b) Engagement in obtaining food from other sources and
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income generating activities in times of crises; and (c) Scaling down of family members
and migration for survival. Adaptation options recommended for the sector specifically for
the highlands and lowlands are listed below (Beruk, 2000).

Adaptation options for the highlands:
•

Selection of crops and cropping systems that maximize biomass production and
therefore, CO 2 and N 2 fixation;

•

Improved animal genotype and better disease and parasite control to take
advantage of the improved management; and

•

Use of multipurpose cattle that work and provide milk and meat and also breed to
provide suitable draught animals, in addition to supplying fuel and fertilizer from
their excreta.

Adaptation options for lowlands/rangelands:
•

Strengthening the early warning systems and coping strategies;

•

Introduce mixed farming system, where appropriate;

•

Destocking of livestock on a regular basis;

•

Water resource development in appropriate sites;

•

Promote lifestyle choices of pastoralists through access to education and local
urban development;

•

Rehabilitation of bush encroached areas;

•

Conservation and utilization of hay from natural pastures (hay making with local
grasses);

•

Promotion of herd diversification;

•

Promotion of grazing management schemes;

•

Use of local legume forage including Acacia fruits and leaves;

•

Capacity building and institutional strengthening of the local community; and
integrated approach to pastoral development.

2.9

Conclusions

Environment and livestock production systems are said to have multidimensional
interactions and challenges because livestock production systems were affected by
environmental change and at the same time they were contributors to the phenomenon.
Livestock sector response to the challenges of environmental change requires formulation
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of appropriate adaptation and mitigation options. The projected trend of population growth
indicates that livestock population will increase tremendously over the next few years and
may create conducive conditions for further increase in greenhouse gas emissions. It is
also important to study future effect of livestock on environment based on different
technological adaptation options and scenarios that were suitable to smallholders. Genetic
improvement programs should search for livestock breeds that are resistant to harsh
environments that could allow for selection within and between breed/species that are
suited to particular environmental conditions. Livestock feed and forage research should
also seek for programs that can reduce gas emissions, adapt to harsh environments and
also be highly productive per unit of animal product.
.
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CHAPTER 3:

3.1

RESEARCH METHODOLOGY

Aims and objectives

3.1.1 The aim
The aim of this study was to determine the magnitude and intensity of livestock, soil,
water, land, climate, crop and human interactions in the central Ethiopian highlands, with
emphasis on the Ada district by using methodology that integrated socio-economic data
and biological information with reference to secondary data.
3.1.2 The objectives
The objectives of this study were:
1. To assess the effect of change in land management on carbon storage and the
contribution of livestock to carbon storage.
2. To examine the impact of livestock on natural resources and the environment.
3. To assess the effects of the change in traditional agricultural practices,
expansion of factories, slaughter houses, greenhouses and flower farms on
water and soil quality.
4. To evaluate the effect of climate change on livestock production under smallscale agriculture.
5. To recommend options for mitigation and adaptation to environmental changes.

3.2

Research design

The research design was non-experimental and did not involve the manipulation of the
situation, circumstances or experiences of the interviewees. The design was comparative
research that compared two or more groups on one or more variables, such as the effect
of agricultural land use management, tillage type, etc. on carbon storage in the soil. This
research also applied a longitudinal design that examined variables such as the
performance exhibited by groups over time, for example the measurement of the impact of
carbon inputs into soil over time. Purposive sampling was often used to measure the
effect of agricultural, industrial effluent and human interferences on the environment by
measuring nutrient contents at sources in the soil, water and manure. These biological
data were complemented by key socio-economic survey by interviewing individual
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households and discussions with focus groups from sampling sites. Secondary data were
also reviewed to measure soil degradation and run-off attributed to livestock.
3.2.1 Hypotheses
Null hypothesis
The interrelationships of livestock, soil, water, land, climate, crop, and humans under
mixed crop and livestock production systems are detrimental to small-scale farming in
central Ethiopian highlands.
Alternative hypothesis
The interrelationships of livestock, soil, water, land, climate, crop and humans under
mixed crop and livestock production systems are beneficial to small-scale farming in
central Ethiopian highlands.
3.2 The study area
The study area was Adaa district (Woreda) which is situated in high potential livestockcrop production systems (Amare, 1980; MoA, 2000). Administratively it is one of the 12
districts in East Shoa zone in Oromia regional state of Ethiopia. It is located about 45 km
southeast of Addis Ababa the capital city, and is very close to the other major urban
centers (Figure 3.1). The district covers 1750 km2 surface area and the average altitude
is about 1500 meters to over 2000 meters above sea level. The total agricultural
population of the district is about 300,000 people (Bekele Soboka, 2010 personal
communication). There are 36 Peasant Associations (the lowest administrative unit) of
which 27 are in rural areas and 9 are in urban areas. There are two major agro-climatic
zones: (a). The mountain zone located ≥ 2000 m above sea level, covering 150 km2 (9%)
of the district, and (b). The highland zone located at 1500-2000 m above sea level,
covering 1600 km2 (91%) of the district (IPMS, 2004).
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Figure 3.1: Location of the study area in Adaa district/Woreda

There are two cropping seasons in the area: the Belg or short rain season which occurs
from March to April, and the Meher or the main rain season which occurs from June to
September. The average rainfall from 1953 to 2003 which was recorded by ILRI and
Ethiopian Institute of Agricultural Research (EIAR) was 839 mm (Kahsay, 2004). The
average minimum and maximum temperatures for 27 years ranged from 7.90oC to
28.0oC, respectively, and the mean annual temperature for the same period was 18.5oC.
Dominant soil types in the area were vertisols, characterized by high water-holding
capacity during heavy rain, and difficult to till. Farm management practices in the cerealgrowing area included rotating grain crops with pulses for soil fertility and pest
management. Livestock was an integral part of crop production which provided draught
power for tillage, threshing and transportation of agricultural produce to the market.
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3.4

Materials and methods

3.4.1 Materials
3.4.1.1

Material used for socio-economic survey

The sampling tool that was used in the socio-economic survey was an open-ended and
semi-structured questionnaire that helped to capture the historical trend and current
environmental condition and agricultural practices. A checklist was used for focus group
discussion.
3.4.1.2

Material used for biological and physical data

Soil sampling was done using a sampling tube, an auger, a spade, labeled plastic buckets
and labeled plastic sample bags. Soil sampling was done by taking four subsamples at 015 cm and 15 to 30 cm depths from each identified site within 50 m radius to form a
pooled sample. The pooled subsamples from each site were placed in clean and labeled
plastic buckets. The pooled subsamples in the plastic buckets were then spread on clean
sheets of paper for air drying. The dry subsamples were then transferred to labeled
sample bags and delivered to the laboratory for analysis.

Sampling of manure was done according to Zhang (2001) by scooping from four random
spots on different heights (0 m, 0.5 m, 1 m, 1.5 m and 2 m) and on top of the manure
heap to a depth of about 30 cm to make pooled subsamples at each height. Manure
sampling was done by collecting samples from manure heaps aged from 0 to 3 years.
Subsamples of 0.25 kg at each height were weighed and pooled to form a sample of each
specific height and stored in labeled plastic bags of 1 kg each. The manure subsamples
were kept in cooler boxes with ice cubes before transportation to the laboratory and then
stored in a deep-freezer before analysis for N, P and K. Other data were also recorded
based on the uses of the manure heaps such as for sale and or household fuel.

Water sampling was done by collecting factory effluents, ground water, swampy, and river
water. Prior to sampling labeled 1L polyethylene bottles were cleaned by incubating them
with 10% (v/v) nitric acid (Analytical, Merck) for 48 hours in a hot water bath and then
washing and rinsing them with distilled and de-ionized water. They were also thoroughly
rinsed with clean water at the sampling sites before sampling.
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3.4.2 Methods
In order to simplify the study it was essential to divide the methodology into five sections:
(1) The socio-economic survey using semi-structured interviews to capture information
about community perceptions on climate change, constraints and possible solutions,
about changes in land use, livestock, crop, water, natural resource, nutrient cycling
(manure and crop residues) and their management; (2) The biological and physical data
to complement the socio-economic findings; (3) The methods of data analysis; (4) The
projected effects of the future climate change on livestock using different climate change
scenarios; and (5) The adaptation options to climate change through literature review to
intensify livestock production to meet the growing demand for animal protein.

3.4.2.1

Socio-economic survey and sample size

The district was divided into five zones, and from each zone two villages were randomly
selected by the subject matter specialists in the District Agricultural and Rural
Development Office. Eleven farmers were purposively selected from each village to
represent different degrees of wealth, level of dependence on natural resources in
pursuing their livelihoods, and the length of time they had lived in the study area. A total of
110 farmers were involved in the socio-economic study. The study was divided into two
parts: (a) Individual household interviews, and (b) Group interviews, where selected
individuals from the villages explained their local environment.
3.4.2.2

Biological study

This section dealt with the chemical analysis of soil, water and manure.
3.4.2.2.1

Soil tests

Soil tests were based on land management, crop history (such as crop-rotation), tillage
type and organic matter addition into the soil. Samples were taken from the depths of 015 cm and 15-30 cm in tilled fields and in no-till fields. Soil testing focused on soil organic
matter, macronutrients (P, N and exchangeable bases), soil pH, CEC and heavy metals.
Soil organic carbon content was determined using the procedure described by Walkely
and Black (1934). Total N content was determined using Kjeldahl method (AOAC, 2000),
and CEC was determined using the Ammonia distillation method (Chapman, 1965).
Particle size analysis was carried out using Bouyoucos method (Bouyoucos, 1951). All the
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micro-nutrients were determined by DTPA extract method through Atomic Absorption
Spectrometer (Tadesse et al., 1991). Soil pH was determined using a pH meter with a
soil/water ratio of 1: 2.5. Available P was extracted according to Olsen et al. (1954).
Exchangeable bases such as Ca were measured using 1N ammonium acetate per unit of
meq/100 g of soil (Tadesse et al., 1991).
3.4.2.2.2 Water sampling and site selection
Sample sites for water physico-chemical analysis were selected along water bodies and
effluent flow courses based on the potential exposure to pollution by human and livestock
waste disposal. Generally, the pollution sources were categorized in two as point and nonpoint pollution sources. Point sources involved the discharge of substances from factories,
sewage systems and flower farms as it was easier to identify and monitor. Sample sites
under this category were Zukuala Steel Rolling Factory, Oxford Plastic Package Factory,
East African Detergent Factory and Wedecha River. The rest of the sample sites were
classified as non-point sources as they were poorly defined and their sources of pollution
were scattered over a large area. The major pollutants for non-point sources were
agricultural run-offs from animal waste and farms.

Water sampling for physico-chemical analysis: Sampling was done from May to midJune 2009. This period was strategically selected to represent the dry season before the
on-set of rain. The critical water shortage for livestock was during the dry season when
livestock trekked long distances in search of water. During the rainy season livestock
drank water from run-offs, temporary stagnant water, roofs and roadsides. In the wet
season, livestock drank water near the homesteads and around the grazing areas.
Therefore, the appropriate time to study the interrelation between water and livestock in
terms of use, depletion, and pollution, was during the dry season.

The samples were collected directly from the factory outlets and from different sampling
locations along rivers, lakes, swamps, ponds and ground water which was used for
livestock drinking once during the study period. Six subsamples from each point were
taken and then pooled and mixed thoroughly before the analysis. One litre of water from
each pooled sample was taken and used for all chemical analyses.
Since the water flowing from rivers and the dam were less than 3 meters deep grab
samples were taken at livestock watering points, and for lakes six grabs of composite
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water samples were taken at livestock drinking points at about 500 meters radius.
Sampling in ponds was done at livestock entry points. Ground water samples were
collected after the pump had been running for 15 minutes. All samples were transported to
the Debrezeit Research Centre within 2 hours of collection. All the procedures for water
sampling were done as described by Tadesse et al. (1991) in water analysis manual.

Physico-chemical water data: In this study a detailed waste water characterization was
performed for selected parameters. Total N, P, K, Ca, Mg, Cl, CO 3 , H 2 CO 3 , dissolved
solids (TDS), conductivity and pH of were measured as described by Tadesse et al.
(1991) in the water analysis manual.

3.4.2.3

Chemical analysis of manure

Total N was determined using the micro Kjeldahl digestion, distillation and titration method
(Tadesse et al., 1991). Fresh manure samples weighing 0.5 g were used for the analysis.
Total P and K were determined by dry ash method as described by Tadesse et al. (1991).
Organic C was analyzed using Walkley-Black method. The DM content was obtained by
oven drying subsamples at 105oC for 24 hrs. C:N ratio was computed by dividing the
amount of C by that of N. Calculations were done on dry matter basis.
3.4.2.4

Analysis of field and laboratory data

Data obtained from the socio-economic survey, the biological and physical samples were
analyzed statistically using SPSS version 17.0.1 (2008). Descriptive statistics: means,
frequencies, percentages and cross tabulation were used to determine relationships
between variables. Analysis of variance and multiple mean comparisons were computed
for nutrient composition in the soil, water and manure data.
3.4.2.5
3.4.2.5.1

Climate change assessment
Climate change trends based on meteorological data

Sixty years of meteorological data was obtained from the Ethiopian National
Meteorological Service Agency (NMSA) weather stations based in the study area. The
meteorological data obtained were temperature (oC), rainfall (mm) for 365.25 days, wind
speed (m/s), sunshine (hr) and relative humidity (%). The meteorological data of several
decades were compared. The weather data reported here were based on information
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from Debrezeit Air Force weather station located in the study area. The long-term (19512009) data were used for rainfall, temperature and relative humidity, while the last three
decades of data for sunshine hours and last two decades data of wind speed were used.

3.4.2.5.2 Crop suitability analysis for climate change

Crop suitability analysis uses FAO EcoCrop database of environmental requirements of a
long list of plant species (White et al., 2001). It is used to identify possible crops to grow in
particular environments. DIVA-GIS implemented EcoCrop (Hijmans et al., 2005) to predict
the adaptation of crops over geographical areas that used to estimate crop yield and
residue potential for future livestock feed. Currently, only temperature and precipitation
data were used to make this prediction.

To be able to determine the suitability of a certain crop in a growing season, the following
temperature parameters were used:
KTMP:

Absolute temperature that will kill a plant,

TMIN:

Minimum average temperature at which a plant grows,

TOPMN:

Minimum average temperature at which a plant will grow optimally,

TOPMX:

Maximum average temperature at which a plant will grow optimally, and

TMAX:

Maximum average temperature at which a plant will cease to grow.

To be able to determine the suitability of a particular crop during the rainfall in an area the
following rainfall parameters were used:
Rmin:

Minimum rainfall in millimetres during the growing season,

Ropmin:

Optimal minimum rainfall in millimetres during the growing season,

Ropmax:

Optimal maximum rainfall in millimetres during the growing season, and

Rmax:

Maximum rainfall in millimetres during the growing season.

EcoCrop module could run the rainfall and temperature parameters separately or both at
the same time (the boxes to tick are in the predict table). In the case where rainfall and
temperature were run together, the minimum values of the two parameters in each
growing season were used to compute the suitability. To run the module, a species was
selected in the tab or searched for by using the options in the filter and clicking on it.
Temperature and rainfall parameters from the EcoCrop database in the parameters tab
were inspected and changed as desired. In this case, temperature and rainfall were
38

predicted from three climate change models (CGM2, HaDCM3 and PCM) for 2050 and
2100 (Deressa and Hassan, 2010). Teff and wheat were the selected crop types that were
run using DIV-GIS. The two crops were selected for their relevance for their residues for
livestock feed in central Ethiopian highlands (Alemayehu, 2005).

3.4.2.5.3 Identification of technological options for livestock production
intensification
Literature was reviewed for the adaptation of alternative livestock related technology
options to mitigate climate change.

3.4.2.6

Expected outcomes

Expected outcomes from this study would provide information for decision-making to
improve sustainable livestock and environment development in four priority areas: (1)
Application of industrial and agricultural practices for sustainable natural resource
conservation and potential positive implications for livestock and human health; (2)
Intensification of livestock development with potential implications for local and national
sustainability; (3) Changes in land uses to match socio-economic and climate change,
increasing human and livestock populations, and/or increasing resource uses with
implications for sustainability; and (4) Suggestions for desirable and practical adaptation
options and/or policies to effectively handle impacts of climate and socio-economic
changes, and to ensure sustainable livestock development.
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CHAPTER 4:
LAND MANAGEMENT PRACTICES AND THE ROLE OF LIVESTOCK IN CARBON
STORAGE UNDER MIXED CROP-LIVESTOCK PRODUCTION SYSTEMS

4.1

Introduction

Soil carbon storage is defined as “the process of transferring carbon dioxide from the
atmosphere into the soil through crop residues and other organic solids, and in a form that
is not immediately reemitted”. This transfer or “storage” of carbon helps to off-set
emissions from fossil fuel combustion and other carbon-emitting activities, while
enhancing soil quality and long term agronomic productivity (Sundermeier et al., 2005).
The depletion of soil carbon is accentuated by soil degradation and exacerbated by land
misuse and soil mismanagement (Lal, 2004). Thus, the adoption of restorative land
management practices can reduce the rate of enrichment of atmospheric CO 2 while
having a positive impact on food security, agro-industries, water quality and the
environment. There is a positive relation between soil organic carbon in the top soil and
crop yield (Lal, 2006). Thus, carbon storage is a win-win approach for improved
environmental quality and increased agricultural production.

Under mixed crop and livestock production systems in Ethiopia, crop production is the
major cash income earner (IPMS, 2004), while livestock production plays an important
role as a source of draught power for crop production, organic fertilizer, a living bank; and
household income and food (Hadera, 2001). Although livestock production is associated
with environmental degradation and wholesale devastation of rangelands and irreversible
desertification (FAO, 2006), there is ample evidence to show that livestock production
contributes positively to carbon balance in the soil. The positive aspects of livestock
production contribution to carbon storage is when farmers use animal power for farm
operations such as ploughing, disking, ridging, weeding, threshing and transporting
agricultural inputs and outputs; with zero carbon operations, compared with mechanized
agriculture (de Hann et al., 1998). The addition of animal manure and livestock waste into
the soil is an alternative management option as carbon input for soil carbon storage (FAO,
2001; Lal, 2002; Lal, 2004).
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However, due to socio-economic factors traditional practices such as leaving crop
residues in the field after harvest have declined (Kahsay, 2004). Instead, crop residues
are used for animal feed, house construction, fire wood and as a source of income (FAO,
2001). Crop residues are cut near ground level leaving nothing to turn back to the soil
(Kahsay, 2004), and whatever stubble is left on the ground is extensively grazed and
trampled, so that only bare ground remains, which exposes the soil to wind and water
erosion. This negative crop residue management has contributed to the depletion of soil
organic carbon and results in poor soil quality (Lal, 2004).
Animal manure is among the recyclable resources that are used to increase soil organic
carbon. However, due to lack of firewood in the highlands to meet the fuel demand,
farmers use animal manure for household fuel needs for cooking and heating (Tesfaye et
al., 2004). According to Tesfaye et al. (2004) the sale of animal manure in the highlands
contributes about 25% of the total income from livestock production. Under the current
manure management system in smallholder mixed agriculture, no animal waste is
returned to the soil except urine. This has a serious impediment in soil carbon storage.
In general, permanent removal of crop residues and the usage of animal manure for
household fuel and sales lower the content of soil organic carbon (FAO, 2001). Long term
trials have shown that carbon losses due to human interventions can be reversed through
improved land management practices which enhance carbon storage in the soil
(Rosenberg et al., 1999; Lal, 2006). Therefore, it is important to study the impact of
different land management practices under mixed crop-livestock production systems on
carbon storage as well as the contribution of livestock production in carbon storage under
different land management systems.
Previous research studies on carbon storage investigated natural resource management,
forestry and soil perspective (Lal, 2004; Lemma et al., 2007), whereas the current study
investigated the role of livestock production, crop residue, land use, soil texture, tillage
and manure management in carbon storage. Thus, the current study

investigated

whether different local land management systems increased soil carbon in mixed croplivestock production systems in central Ethiopian highlands or not. It also investigated the
contribution of livestock production in carbon storage and environmental quality.
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The investigation was based on soil samples collected in 2009, as well as land, livestock
and crop management history of each sample site obtained through interviews with
farmers. The soil types in the study area were predominantly vertisols. The effects of land
management practices (degraded, fenced, different soil tillage practices, crop history,
different organic matter additions) contrasted with the soil management systems that have
never been under cultivation for many years. Therefore, the purpose of this study was to
quantify soil organic carbon in different land and agricultural management practices.
4. 2

Materials and methods

4.2.1

The study area

The study was conducted in central Ethiopian Highlands that represent a homeland for
90% of highland farmers. In the highlands, the main agricultural activity is smallholder
mixed farming systems dominated by crop and livestock production (Constable, 1984).
The highland area is further subdivided into three zones based on the development
potential and resource base (Amare, 1980), as: (a) the high potential cereal/livestock
(HP/CL), (b) the low potential cereal/livestock (LP/CL), and (c) the high potential perennial
crop/livestock (HP/PL) areas. Ecologically, the current study area falls under the high
potential livestock-crop production system (IPMS, 2004), which is located southeast of
Addis Ababa at longitude 38o 51’ 43.63’’ to 39o 04’ 58.59’’ E and latitude 8o46’16.20’’ to 8o
59’ 16.38’’ N, on the western margin of the great East African Rift Valley (Figure 3.1). The
altitude of the area ranges from 1500 m to ≥ 2000 m above sea level. Two major agroclimatic zones were identified in the area (IPMS, 2004): (a) mountain zone ≥ 2000 m
above sea level, which covers 150 km2 or 9% of the area, and (b) highland zone at 1500
to ≤ 2000 m above sea level, which covers over 1600 km2 or 91% of the area.
The agro-ecology of the study area is best suited for diverse agricultural production
systems. The area is known for its excellent quality Teff grain, which is an important staple
food grain in Ethiopia that is used for making bread (Enjera). Wheat is the next abundant
crop followed by pulses especially chickpeas which grow in the bottomlands and flood
basins. Most farmers grow chickpeas in rotation with cereals, while livestock production is
an integral and important part of the agricultural production systems.
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4.2.2

Study methods

The study was designed to quantify soil organic carbon in different agricultural and
livestock management systems. For data collection, the study combined the sampling of
soil, water and effluent for laboratory analyses; and socio-economic survey by
interviewing 110 farmers. The laboratory data was complemented by land management
histories and the existing land management practices. Sample sites of alternative soil and
crop management were selected purposely in consultation with farmers, experts and
secondary data. The selected sites were stratified according to land management type to
capture variation in farm practices. The selected sample sites had 12 characteristics and
were further subdivided into soil texture types, tillage types, land management types and
types of organic matter addition. Sample sites were described based on WOCAT (2012)
categorization system for conservation measures and land use management, as shown
below:

Site 1: Enclosed and resting land. This site had been undisturbed and never ploughed for
≥ 30 years. The land was covered with grass and shrubs. Therefore, the site was chosen
as the benchmark for the assessment of the other sites.
Site 2: This site was a commercial farm with integrated vegetable, poultry and dairy
production, where farmyard manure was used for seven years. The land was cultivated
continuously without rest and farm operations were done with heavy machinery.
Site 3: This site had experienced crop rotations of cereals and pulses, following a pattern
of Teff-chickpeas-wheat-chickpeas for three consecutive years. Crop rotation is
considered one of agricultural management practices that recycle nutrients in the soil (Lal,
2006). This site was classified as an organic and chemical fertilization site (WOCAT,
2012)
Site 4: This site was under minimum tillage for six years. The land was ploughed once
and then herbicides were applied during or just before seeding of cereals (Teff and
wheat). The site was categorized as soil surface treatment according to WOCAT (2012).
Site 5: This site was a smallholder backyard manure application plot closer to the
homestead. It was marked as organic matter addition site with manure (WOCAT, 2012).
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Site 6: This site was a field where compost was applied for four years. The compost was
made of household waste, ashes, leaf litter, crop, and vegetable residues. The site
represented organic matter addition into the soil with compost fertilizer (WOCAT, 2012).
Site 7: This site was a field where crop residues were well managed. The crop residues
were left in the field and ploughed into the soil at the end of the cropping season. The site
represented a category of agronomic soil management by retaining crop residues.
Site 8: This site was a field which was continuously cultivated deeply with heavy
machinery. Inorganic fertilizers were used at a rate of 200 kg/ha for DAP and 100 kg/ha
for Urea on cereals every year. The site was classified as soil sub-surface treatment with
deep tillage according to WOCAT (2012).
Site 9: This site was overgrazed, degraded and eroded land. The site was categorized as
degraded land.
Site 10: This site was degraded and adjacent to Site 9. It was fenced off for more than 15
years. Fencing is a well-known practice for replenishing nutrients in the soil. The site was
classified as degraded and enclosed.
Site 11: This was an animal waste disposal site for over 40 years without any crops being
grown. The site had a gentle slope and the soil was highly eroded. Animal waste such as
bones, blood and offal was dumped into a pit which was already too full. Bushes grew on
the edges of the pit. The site was categorized as organic matter addition site through
waste disposal.
Site 12: This site was swamp land where runoff from mountains leached away nutrients
from the farms and deposited them in the swamp. The runoff from urban areas also
accumulated there during the rainy season. The swamp dried up during the dry season
between March and June and the swamp was then used for grazing. The site was
classified as swampy land.
The sample sites were further subdivided into soil texture and tillage types. The soil
textures were subdivided into four classes based on the AOAC (2000) as loam, sandy
loam, silt loam and clay loam.
The tillage types were classified as described by Abiye and Ferew (1993) as follows: (a)
deep cultivation tillage that uses mechanized tractors with disc ploughs at a depth ≥ 20
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cm, (b) minimum cultivation tillage that involves the removal of weeds first by using
herbicides followed by ploughing only once at a depth of 8 to 10 cm before sowing, (c)
shallow cultivation tillage that uses traditional ox-drawn ploughs at a depth of 15 to 20
cm, and (d) no cultivation or no tillage where the land is never ploughed for a long period.
4.2.3

Soil sampling and analysis

In June 2009, soil samples were taken from the 12 sites described above. Site number 1
was identified as the benchmark because it was undisturbed by human interventions for a
long period of time. Before sampling, forest litter, grass and any other material on the
ground were removed. Soil samples were collected purposely to describe the different
land management practices and conservation measures such as degradation, area
enclosure, crop history, tillage type, level of fertilization, residues left in the field and
compost or manure application. Samples were taken at the depths of 0 to 15 cm and at 15
to 30 cm with four subsamples at each composite site. Thus, a composite sample was
made from four pooled subsamples. The four subsamples at each site were pooled for
homogeneity and stored in a plastic bag and transported to Debrezeit Research Centre for
soil analysis in the Soil Laboratory within two hours of collection.
Soil moisture analysis was done by oven drying for 24 hours at 105oC. Air dried soil was
ground with mortar and pestle and sieved through a 2 mm sieve. Soil organic carbon
content was determined by using the procedure described by Walkely and Black (1934).
Total N content was determined using Kjeldahl method (AOAC, 2000), and CEC was
determined by the ammonia distillation method (Chapman, 1965). Particle size analysis
was done using Bouyoucos method (Bouyoucos, 1951). Soil bulk density was estimated
by using the Adams equation (Adams, 1973) as shown below:
BD=

Where;

BD = bulk density,
OM = organic matter, and
MBD = mineral bulk density.

A typical value of 1.64 was used for MBD (Mann, 1986).
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The soil samples were weighed after drying. The amount of carbon per unit area was
calculated using the method described by Pearson et al. (2005) as shown in the formula:
C (t/ha) = [soil bulk density (g/cm3) x soil depth (cm) x %C] x 100

N.B: Carbon content is expressed as a decimal fraction, e.g. 2.2%C is expressed as
0.022. Crop, soil and land management practices for each site were described based on
detailed interviews with farmers, key informant information and literature review.
4.2.4

Statistical analysis

Detail statistical analysis was done using SPSS version 17.0.1(SPSS, 2008).
4. 3

Results and discussion

4.3.1 Soil organic carbon content in the study sites
According to FAO (2001), when the above ground woody biomass increases it can act as
a permanent carbon sink. Woody vegetation with deep and extensive root systems can
capture nutrients that are not accessible by crops and make them available through litter
fall and fixing of nitrogen by leguminous plants (Lal, 2002). Therefore, Site 1 which was
chosen as a reference site in order to compare it with other alternative soil conservation
and land management practices had 1.27% SOC at 0 to15 cm and 0.31% at 15 to 30 cm
depth.
Site 2 which was a commercial farm had SOC of 1.65% at 0 to 15 cm depth and 0.73% at
15 to 30 cm depth. At both depths, the organic carbon content was higher than the
benchmark site because of the addition of farmyard manure. It was reported by FAO
(2001) that farmyard manure is usually of higher quality than dung and droppings left in
the fields by grazing animals.
Site 3 which practiced crop rotation of cereals with pulses for over three years (usually
Teff-chickpea-wheat-chickpea operated in rotations), had 2.13% SOC at 0 to 15 cm depth
and 1.02% at 15 to 30 cm depth. Crop rotation is considered as one of the agricultural
management practices that add nutrients to the soil (Lal, 2004). The organic carbon
content was better than the previous two sites, may be due to biological nitrogen fixation
(Beyene, 1988) which might have enhanced microbial activity that contributed to higher
soil organic carbon.
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Site 4 which practiced minimum tillage for six years had SOC content of 1.06% and
0.34% at depths of 0 to 15 cm and 15 to 30 cm, respectively. The carbon content at both
depths was slightly comparable to the benchmark site. Wood and Edwards (1992) argued
that the impact to soil organic carbon became significant when both conservation tillage
and crop-rotation were practiced. Hernanz et al. (2009) studied three tillage practices
namely; conventional tillage, minimum tillage and no tillage, and found that the average
soil organic carbon content was 14% higher in no tillage than in minimum tillage and
conventional tillage. They also reported that in no tillage the soil organic carbon content
increased in the top layer but declined systematically in the bottom layers. That showed
that minimum tillage can be an alternative carbon storage mechanism under mixed crop
livestock production system.
Site 5 which practiced smallholder farmyard manure application at the homestead had
SOC contents of 1.85% and 1.33% at 0 to 15 cm and at 15 to 30 cm depth, respectively.
The most limiting factor in the usage of farmyard manure was lack of transport to spread
the manure, in addition to lack of animals in some smallholder mixed farms, which limited
its use around homesteads more than on more remote fields (FAO, 2001). The
smallholder backyard manure application showed higher carbon content at a depth of 15
to 30 cm than the commercial farm. This could be attributed to the depth of tillage.
Smallholder farmers used oxen power for shallow tillage which could not go beyond the
depth of 20 cm (Abiye and Ferew, 1993); which made less carbon losses compared to
commercial farms that practiced deep tillage.

Site 6 which practiced the use of compost manure for 6 years had 1.12% SOC content at
0 to 15 cm and 1.17% at 15 to 30 cm depth, respectively, which was much higher than the
other sites except site 5. The compost was made out of household waste, ashes, leaf
litter, crop and vegetable residues to increase soil fertility. Very often the compost was
added to manure piles and transported to the fields where it was spread out. Although the
use of such alternative organic matter increased overall biomass it was rarely sufficient to
cover entire fields (FAO, 2001). The rationale for the increased soil organic carbon
content at 15 to 30 cm depth was that composting improved the decomposition rate (FAO,
2001).
Site 7 which practiced crop residue management by leaving crop residues in the fields to
decay into humus had SOC contents of 0.07% and 0.80% at 0 to 15 and 15 to 30 cm
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depths, respectively. The upper layer carbon content was lower because at the time of
sampling, the field had been ploughed and thus some of the soil carbon might have been
already lost to the air. The carbon content at 15 to 30 cm was much higher, which might
indicate that crop residue management could be an alternative agricultural practice for
carbon storage under smallholder agricultural activities. However, in mixed crop-livestock
production systems, crop residues are removed after harvest either as fodder,
construction material, fuel or litter for composting, and in most cases crop residues are
sold at the local market to generate additional income (Kahsay, 2004)
Site 8 which was continuously cultivated and fertilized with inorganic fertilizers had SOC
content of 0.07% at 0 to 15 cm and 0.25% at 15 to 30 cm depth. The soil organic carbon
content was the lowest in both layers compared with other sites. The major reason for low
SOC in both layers could be deep tillage with tractor-mounted disc ploughs. This showed
that unless organic carbon input is added to the soil, deep tillage is the major contributor
to losses of SOC to the atmosphere. In this site fertilizer was applied at a rate of 200 kg
DAP and 100 kg Urea per hectare for cereals every year after deep tractor ploughing.
Post and Kwon (2000) reported losses of SOC of as much as 50% in surface soil (20 cm)
in soils that were deeply cultivated for over 30 years.
Site 9 which represented degraded land had SOC content of 2.21% at 0 to 15 cm and
2.16% at 15 to 30 cm depth. The land was degraded due to overgrazing and erosion.
FAO (2001) categorized land degradation into three groups namely: physical degradation,
which is mainly driven by climatic factors such as floods and droughts that cause soil
erosion (by wind and water); chemical degradation, which is generally in the form of
salinity (mainly on irrigated lands); and biological degradation, which is mainly a result of
the oxidation of the topsoil organic matter. The high SOC content of this site was
attributed to the fact that degradation was limited to the surface layer. Site 9 might not
have been subjected to the all three types of degradation, but it might have been exposed
to physical degradation that was limited to the upper layer.
Site 10 which was degraded land adjacent to Site 9, but closed to animal and human
access for more than 15 years; had SOC contents of 2.32% and 1.23% for 0 to 15 cm and
15 to 30 cm depths, respectively. The area represented a well-known practice of
replenishing nutrients in the soil. Fenced areas are usually on hillsides that cannot be
used for cultivation but are protected from animal and human access for certain periods of
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time until the land is covered with vegetation (FAO, 2001). The beneficiaries are only
allowed to cut and carry forages from the areas and feed their animals elsewhere. Fenced
areas gained organic carbon through dead litter on the soil and nitrogen fixation; which
reduced nutrient losses caused by wind and water (FAO, 2001). Consequently, the SOC
content was higher on this site than the other alternative land management systems.
Site 11 which was a dump for the local slaughter house waste (bones, horns, offal and
blood); and was highly eroded. The SOC content was 3.9% at 0 to15 cm depth and
1.15% at 15 to 30 cm depths. The higher SOC content at 0 to15 cm depth was probably
due to the organic matter concentration from animal waste.

Site12 which was a swamp where runoff from mountains and nutrients from farmlands
were deposited; had SOC content of 0.27% at 0 to 15 cm and 3.23% at 15 to 30 cm
depth. Urban flood water also accumulated in the swamp during the rainy season. The
swamp dried up during the dry season from March to June and was used for grazing. This
indicated that soil organic carbon and other elements sank down and infiltrated the ground
water, which could have impacted on the health of human and livestock drinking the
water. The high SOC at 15 to 30 cm also showed that there was excess nutrient
deposition on one end and loss at the other end. Swampy areas, urban dairies and
abattoirs were net importers of nutrients from rural farms because there was excess
deposition of nutrients in their systems (Yoseph et al., 1999; FAO, 2001).
4.3.2 Soil texture, cation exchange capacity and carbon to nitrogen ratio
The soil texture of the study sites were categorized into four as: loam, sandy loam, silt
loam and clay loam. According to Berhanu (1985) the vertisols in Ethiopia have CEC of 35
to 70 meq/100 g soil, while Beyene (1988) reported a range of 22 to 42 meq/100 g soil.
Table 4.1 shows that CEC values ranged from 22 to 59 meq/100 g from 0 to 30 cm soil
depth, which was in agreement with the ranges reported by other workers. Beyene (1988)
reported C:N ratio of about 11:18. In this study C:N ratio was 0.47:17. The lowest C:N
value was found in Site 8 which was continuously and deeply cultivated for many years.
This indicated that deep tillage could be one of the most important factors in soil organic
matter depletion under mixed crop-livestock production systems in the Ethiopian
highlands.
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Table 4.1: Soil organic carbon, soil texture and carbon to nitrogen ratio
Site type

1
2
3
4
5
6
7
8

9

10
11

12

SOC (%)
0-15 15-30
cm
cm

Soil texture
0-15
15-30
cm
cm

CEC meq/100g
0-15
15-30
Cm
cm

C:N Ratio
0-15
15-30
cm
cm

Debrezeit
1.27
Research Centre undisturbed
Genesis farm 1.65
Commercial
Crop rotation 2.13
small hold

0.31

Silt
loam

Silt loam

53.2

53.2

6.88

2.17

0.73

Loam

29.2

30.2

9.35

5.01

1.02

Loam

Sandy
loam
Loam

52.8

58.8

17.25

7.46

Minimum tillage Small hold
Farmyard manure
small hold
Compost used small hold
Crop residues –
small hold
Mechanized
cultivation –
small hold
Degraded
communal
grazing land
Fenced, cut and
carry allowed

1.06

0.34

Loam

54.8

52.8

7.50

2.66

1.85

1.33

53.4

54.8

9.63

8.25

1.12

1.17

Sandy
loam
Loam

Clay
loam
Clay
loam
Loam

58.8

58.8

6.31

6.82

0.07

0.80

58.8

0.74

8.48

0.25

Clay
loam
Loam

58.8

0.07

Clay
loam
Loam

48.6

44.6

0.47

2.48

2.21

2.16

Sandy
loam

Sandy
loam

32.4

37.2

6.38

7.55

2.32

1.23

Sandy
loam

Loam

22.8

27.8

10.70

6.24

Animal waste
disposal site slaughter house
Swamp land

3.90

1.15

Sandy
loam

Sandy
loam

52.8

41.2

8.57

3.03

0.21

2.48

Silt
loam

Silt loam

46.6

44.6

1.17

11.51

4.3.3 Effects of soil texture on soil organic carbon content and the role of livestock
on soil structure and fertility
Asnakew (1988) reported that vertisols contained more than 40% clay in the surface
horizon and close to 75% in the middle part of the profiles. The sand fraction was lower
than 20% and was found at the bottom and surface of the ploughed horizons. Srivastava
et al. (1993) also found that the clay content of the study area was 50% in the surface
layer. These findings showed that the clay content at 0 to 15 and 15 to 30 cm depths was
between 20 and 30%, and the sand content at both ranged from 20 to 50%. Haque et al.
(1993) noted that chemical properties of vertisols in the current study area showed low
OM content and total N, while Yimer (1992) reported that at 0 to 25 cm depth soil organic
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carbon content was 1.86% or at moderate level. In the present study the average SOC
content for all soil textures was 1.4% at 0 to 15 cm and 1.0% at 15 to 30 cm depth (Table
4.2), which was below the values reported by Yimer (1992). The possible reason for low
SOC in the present study was the effect of anthropogenic factors such continuous
ploughing, removal of crop residues, and change in traditional practices such as the use
of manure for fuel energy.
Table 4.2: Mean soil organic carbon for soil textures at 0-15 and 15-30 cm
Soil texture

Sample size

SOC at 0-15 cm

SOC at 15-30 cm

Clay loam

4

0.79 ± 0.70

0.66 ± 0.76

Loam

6

1.31 ± 0.74

0.81± 0.44

Sandy loam

3

2.81 ± 0.95

1.51 ± 0.56

Silt loam

2

0.74 ± 0.75

1.40 ± 1.53

15

1.40 ± 1.03

0.99 ± 0.73

Total

The soil textures of the study area were: clay loam (27%), loam (40%), sandy-loam (20%)
and silt loam (13%). There was a significant difference in SOC content among the soil
textures at 0 to 15 cm soil depth, but there was no significant difference at 15 to 30 cm
depth as shown in Table 4.3.

Table 4.3: ANOVA of soil organic carbon for soil textures at 15 and 30 cm
Variables
SOC * soil texture at

Between groups

0- 15 cm
SOC at 15-30cm *

Between groups

soil texture

Sum of
squares df

Mean
square

F

8.39

3

2.80

4.719 0.02

1.79

3

0.60

1.156 0.37

Sig.

Post and Kwon (2000) reported that the amount, decomposability and placement of
carbon inputs above and below ground differ between ecosystems and with land uses.
Therefore, the significant differences in SOC content at 0 to 15 cm depth could be due to
the effect of land management practices such as the addition of farmyard manure,
compost, crop residues and the use of conservation tillage. The non-significance of SOC
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at 15 to 30 cm depth could be due to a reduced amount of disturbance in land
management practices. Agricultural practices such as the traditional ox-drawn plough has
less capacity to mix carbon inputs to below 20 cm soil (Abiye and Ferew, 1993) and
therefore, the natural carbon deposited in the soil remains intact.

The mean SOC content at 15 to 30 cm depth showed that sandy loam textured soils had
1.51 ± 0.56% and silt loam had 1.40 ± 1.53% (Table 4.2). Both textures maintained better
carbon contents than loam and clay loam which had 0.81 ± 0.44% and 0.66 ± 0.76%,
respectively. These results showed that sandy loam and silt loam exhibited almost twice
the content of carbon than loam and clay loam. This implied that porosity had an effect on
carbon storage. The carbon mass calculated for the four soil classes was 68.4 t/ha, 63.7
t/ha, 38.1 t/ha and 31.3 t/ha for sandy loam, silt loam, loam and clay loam, respectively.
FAO (2001) noted that an addition of 1 ton of soil carbon pool may increase wheat yield
by 20 to 40 kg/ha on degraded crop lands. Based on this calculation sandy loam soil could
produce 484 to 742.1 kg more wheat per hectare than clay loam.

To be able to translate the impact of carbon storage on livestock it is important to mention
about the use of crop residues as animal feed under smallholder mixed agriculture
systems. And to estimate the amount of crop residues produced from increased yield,
extrapolation of grain to straw ratio was applied. Grain and straw yield ratio for wheat was
reported at 1:1.8 (Kahsay, 2004). That meant the more the grains yield the higher the
straw production for livestock feed.

There is a relationship between SOC content and soil texture (Christensen, 1996), which
showed that the highest concentration of SOC content was associated with less than 5
µm mineral particles, and as a result clay soils showed greater accumulation and rapid
losses of SOC than silt. Most of the areas in the current study sites were vertisols (IPMS,
2004; Kahsay, 2004) with 50% clay content (Srivastava et al., 1993). Low SOC content
and poor response to chemical fertilization, were some of the characteristics of vertisols
(Haque et al., 1993). Thus under traditional soil management practices vertisols produce
low yields. However, there was ample proof to show that vertisols were capable of
producing much more food and feed than they were producing at that time, provided that
they were adequately and properly managed (Mesfin and Jutiz, 1993). Abate et al. (1993)
reported that with proper drainage of vertisols using broad bed maker, cereal grain yield
increased by 106% and that of straw increased by 78% compared to traditional drainage
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systems. The effect of improved drainage on fertilizer use efficiency of cereal was
investigated by Abate et al. (1993) who found that grain and straw yields were increased
by 30%. These authors noted that different crops and soil husbandry practices increased
grain and straw yields. For example, sequential cropping increased yields by 60%; mixed
cropping of legumes and cereals raised yields by 40%; row intercropping of forage
legumes with cereals boosted yields by 30%; and forage grass and legumes mixed
cropping improved yields by 40%. All these findings confirmed a high biomass production
of both grain and straw. These results showed that through proper soil and agronomic
management practices it is possible to increase SOC content and land productivity.

The contribution of livestock in managing vertisols can be reflected when draught animals
are used to draw broad bed maker for better aeration, nutrient uptake and improved yields
(Mesfin and Jutiz, 1993). Improved vertisol management will not only give higher yields
because of soil content improvement, but will also reduce soil erosion (Abate et al., 1993).
Under smallholder mixed agriculture, livestock has a role in generating power for the
improvement of soil structure and fertility.

It should also be noted that N is the most limiting nutrient in vertisols. The use of forage
and grain legumes enhances N fixation which leads to increased productivity of grain and
straw (Beyene, 1988). Hence, animal feed production can be integrated with soil structure
and fertility improvement. Animal manure and other animal wastes increase SOC content
and total N that contributed to increased grain and straw yield to meet the nutrient
demand by livestock for better milk and meat production.
4.3.4 Effect of tillage on SOC content and the contribution of livestock in carbon
storage
The depth of ploughing has a significant impact on carbon storage in the soil, where
organic matter and roots are mechanically mixed on the top layer. Sundermeier et al.
(2005) reported that sub soiling at 35.6 cm depth lost more carbon than ploughing at 20.3
cm depth, while strip tillage lost even less, and no-tillage lost the least carbon. In 40-year
experimentation in Ohio State University, Sundermeier et al. (2005) found that continuous
no-tillage nearly doubled the organic matter content in the top 5 cm, while ploughing
reduced it by a third. In another study conducted in Brazil, Barreto et al. (2009) reported
that soils under natural vegetation and conservation tillage systems generally had higher
aggregation indices and total organic carbon stocks in the surface layer than soils under
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conventional management. In that study, no-tillage had its effect on carbon stabilization
between the natural ecosystem and conventional tillage.

Hernanz et al. (2009) studied different tillage practices: conventional tillage, minimum
tillage and no-tillage; under experimentation which combined the rotation of cereals with
pulses for twenty years. They found that the average SOC content was 14% higher in notillage than in minimum tillage and conventional tillage. They also reported that in notillage, stocked SOC content increased in the top layer but declined systematically in the
bottom layer.

In the current study, tillage types were categorized as: deep cultivation, minimum
cultivation, shallow cultivation, and no cultivation (uncultivated). Deep cultivation is that
type of tillage which uses a mechanized tractor with a disc/moldboard plough at a depth of
more than 20 cm (Abiye and Ferew, 1993). Minimum cultivation is that tillage where
weeds are removed first by using herbicides and followed by ploughing only once at the
depth of 8 to 10 cm followed by sowing. Shallow cultivation is that type of tillage that uses
traditional oxen-drawn ploughs and tillage is at a depth of 15 to 20 cm (Abiye and Ferew,
1993). No cultivation or uncultivated is where an area has never been ploughed for a long
period e.g. 30 years. The ANOVA showed that there was a significant difference in carbon
content between tillage types at both 0 to 15 cm and 15 to 30 cm depths. The level of
significance was higher at 15 cm than at 30 cm.

The mean SOC contents at 0 to 15 cm depth were 0.86%, 1.06%, 1.18%, and 1.98% for
deep cultivation, minimum cultivation, shallow cultivation, and no cultivation, respectively
(Table 4.4). The SOC content at 30 cm depth for different soil tillage types also followed a
similar trend as shown in Table 4.4. The results suggested that tillage was the most
important parameter in terms of carbon storage than soil texture. Land that has never
been cultivated had a storage of 87.55 tons/ha carbon compared to 40.34 t/ha for deeply
cultivated land. Shallow cultivated land under traditional farming methods using oxendrawn ploughs had carbon storage capacity of 54.28 t/ha, compared to deeply cultivated
land, a difference of 14 t/ha carbon stored. These results were in agreement with the
findings by Wood and Edwards (1992), which showed that after 10 years of
experimentation and comparing conventional moldboard plough tillage with conservation
tillage, the latter had increased surface carbon and nitrogen to 67% and 66%;
respectively.
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Table 4.4: SOC content and tillage types at 15 and 30 cm (Mean ± SD)
Tillage type

Soil carbon % at 15 cm

Soil carbon % at 30 cm

0.86 ± 1.06

0.49 ± 0.34

Minimum cultivation

1.06

0.34

Shallow cultivation

1.18 ± 0.76

0.88 ± 0.61

Uncultivated

1.98 ± 1.37

1.47 ± 0.87

1.40 ± 1.03

0.99 ± 0.73

Deep cultivation

Total

Assuming 14 tons of carbon per hectare was saved by shallow cultivation as compared to
deep ploughing and by multiplying that with 10 million hectares that were ploughed by
draught power in Ethiopia (MoFED, 2011), the amount of carbon saved by using shallow
ox-driven ploughs was estimated at 402 million tons of carbon per year.

In double

cropping, the amount of carbon saved from emissions was twice as much. In addition to
the carbon saving, shallow tillage fostered carbon-free non-fuel consuming farm
operations. And for not burning a litre of gasoline, it saved 0.64 kg of carbon (FAO, 2004).
Emissions into the atmosphere by agricultural mechanization from processing to tractor
operations in the field were significantly higher. For example, a wheat farm required about
50 tractor hours per hectare to complete farming operations (FAO, 2004). Thus, total fuel
consumed by wheat production per hectare was estimated to be about 250 litres of
gasoline or 160 kg of carbon emissions per hectare (FAO, 2004). When it is multiplied by
10 million (the area of land cultivated by smallholders using animal draught power in
Ethiopia) it amplified the total amount of carbon saved in Ethiopia to 1.6 million tons of
carbon per year.

One of the anticipated benefits for smallholders in the carbon credit scheme was financial
gain that could be achieved from carbon trading. Carbon credits create a market for
reducing greenhouse emissions by giving a monetary value to the cost of polluting the air.
Nordhaus (2008) suggested that based on the social cost of carbon emissions, an optimal
price of carbon is around US$ 30 per ton and will need to increase with inflation. Thus, the
carbon saved by shallow tillage contributed to carbon trade of 140 million tons per year. In
addition to the 1.6 million tons of carbon saved from not burning gasoline for
mechanization, it totals carbon trade to 141.6 million tons per year. At the current levels of
carbon saving by smallholder farm operations, a tax of US$ 30 per ton of carbon would
generate US$ 4.25 billion of revenue per year. And for 15 million smallholder farmers in
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Ethiopia (MoFED, 2008), their per capita share from carbon trading would be US$ 283.33
per annum because of shallow tillage.

Mechanization breaks soil structure and contributes to wind and water erosion, too.
Mechanization also releases carbon monoxide, carbon dioxide and other greenhouse
gases from fuel combustion (Soon et al., 2006). Hence, shallow ploughing with animal
power is a fairly positive farm operation from an environmental point of view because it
uses an energy source which is renewable and reasonably non-polluting. In addition,
animal power serves as a means of transport which is also relatively pollution free unlike
gasoline that releases carbon dioxide into the air. This indicated that livestock plays a
crucial role in carbon storage and in reducing global warming. However, it is controversial
to continue under traditional farming given the current increase in human population which
calls for increased food production

4.3.5 The influence of different land uses and the contribution of
livestock to SOC content
There are many factors and processes that determine the direction and rate of change in
SOC content when different land use management practices were applied (Post and
Kwon, 2000). The land uses in the current study area were categorized as: crop
production, grazing, wetland (swamp land) with seasonal grazing and fallow land without
cultivation. The ANOVA at 95% confidence interval showed that there was a significant
difference in SOC content among the land uses as shown on Tables 4.5 and 4.6.
Table 4.5: SOC content for land use categories at 15 and 30 cm (Mean ±SD)
Land use category

Soil carbon % at 15 cm

Soil carbon % at 30 cm

Crop production

1.10 ± 0.73

0.75 ± 0.55

Grazing

2.27 ± 0.08

1.70 ± 0.66

Wetland/swamp with seasonal
grazing
Fallow land (undisturbed)

0.21 ± 0

2.48 ± 0

2.59 ± 1.86

0.73 ± 0.59

Total

1.40 ± 1.30

0.99 ± 0.73

The mean SOC for land use categories were 2.6%, 2.27%, 1.10% and 0.21% for fallow
land (undisturbed), grazing, cropping production and wetland (swamp land), respectively,
at 15 cm depth (Table 4.5). The carbon content was acceptable and agreed with the
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findings of the other workers (Post and Kwon, 2000), except for the lower carbon content
of wetland (swamp land). The reason for lower carbon content in wetlands at 15 cm depth
was due to the leaching of carbon and nitrogen to the bottom layer (FAO, 1999). This was
also supported by the evidence that higher carbon content was observed at 30 cm depth
for wetlands. Grazing land in both degraded and fenced off was second and was
attributed to the addition of dung and urine to the soil (Hoffmann and Gerling, 2001) as
well as the ability of livestock to move organic matter from place to place and mix it with
soil particles (FAO, 2001). The other plausible reason could be that grazing land might
have been degraded physically but not chemically. This suggestion however, needs
further investigation on the type of degradation exhibited on this particular grazing land.

Table 4.6: ANOVA of SOC under different land uses at 0-15 and 15-30 cm

Variables
Soil carbon * land
use category at 015 cm

Soil carbon * land
use category at
15-30 cm

Sum of
squares

Mean
square

F

Between groups

6.61

3

2.20

Within groups

8.32

11

0.76

Total

14.93

14

Between groups

3.94

3

1.31

Within group

3.54

11

0.32

Total

7.48

14

F

Sig.

2.91

0.08

4.09

0.04

The current results validated the importance of livestock production in SOC storage under
two different grazing sites: degraded and fenced off land. However, this was in
disagreement with many other reports (de Hann et al., 1998; FAO, 1998) which reported
that livestock production was responsible for both physical and chemical degradation of
the soil. Therefore, the current findings call for further investigations on the positive and
negative roles of livestock in degradation and the carbon sink.
4.3.6 Agricultural carbon input addition and carbon storage in the soil
According to FAO (2001), the addition of organic matter to the soil was through the use of
farmyard manure, green manure, legumes in rotations, vermi-compost, and fallows in
rotations; all these increased SOC and agricultural yields. But when inorganic fertilizer
was used alone to increase nutrient supply it resulted in the decline of carbon in the soil in
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all systems, or only small increases, when used with no-tillage (FAO, 2001). No-tillage
increased SOC, although the accumulation was greatest when organic matter was added
to the soil. At the local level the best land management practices have to be chosen
based on the existing farming systems. Thus, for example, the application rate of organic
matter to the soil has to correspond with quantities that were available to local farmers.
However, at the farm level, important trade-offs may not occur to prevent the adoption of
the best strategies for carbon storage. Crop residues may be required for livestock feed or
fuel rather than be returned to the fields, or may be sold for cash in difficult times. Thus,
many socio-economic factors interact to determine which scenario or combination of
scenarios has to be implemented in each growing season (FAO, 2000).

Some of the results predicted that soil carbon can be restored to pre-cultivation levels,
and in certain circumstances to above the original levels. The true “indigenous soil carbon
level” was often difficult to establish in systems where agricultural activities have remained
the same for several centuries or millennia in some parts of Ethiopia (Hoben, 1995). To
achieve quantities of soil carbon in excess of the “original level” implies that the
agricultural system had greater productivity than the indigenous system, assuming that
carbon was not imported into the indigenous system. The scenarios that predicted the
highest carbon storage rate were often associated with the introduction of trees to the
system. The inputs of carbon from trees were more resistant to decomposition than those
from herbaceous crops, and caused marked increases in the level of soil carbon (Falloon
and Smith, 2002).
In the current study, nine carbon input methods were examined and compared as shown
on Table 4.7. The major carbon input sources were from animal waste disposal. They
represented city abattoir wastes where animal offal and other wastes were dumped in the
fields. The SOC content was 3.9% at 0 to 15 cm and 1.15% at 15 to 30 cm depth. The low
SOC content at 15 to 30 cm showed that the movement of nutrients downwards was slow
in this case.
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Table 4.7: Carbon yield from carbon inputs added into the soil
Source of carbon
input
(a)

Carbon % at
15 cm
(b)

Animal waste

3.9

Years of
carbon
Input
(c)
50

Current
carbon yield
(t/ha)
(d)
50.86

Carbon yield per
year (g/m2/y)
(e)

Crop rotation

2.13

3

29.53

984.33

Farm manure

1.75

7

24.59

351. 29

Fenced area

1.20

10

17.20

172.00

Compost

1.12

4

16.11

402.75

Minimum tillage

1.06

6

15.28

254.67

Deep tillage

0.79

3

11.50

383.33

Crop residues

0.07

3

1.08

36.00

Benchmark
Site(undisturbed)

1.27

30

18.17

60.57

101.72

3

NB. d = C (t/ha) = [soil bulk density (g/cm ) x soil depth (cm) x %C] x 100; and e = d/c (Pearson et al., 2005)

The urban dairies and abattoirs were net importers of nutrients from rural farming systems
as there was excess deposition of nutrients in the system (Yoseph et al., 1999).
Therefore, it is worth mentioning that an alternative mechanism has to be designed to
balance nutrient flow from one system to the other in order to create equilibrium. The
second best practice which contributed to soil carbon input was crop rotation of cereals
with pulses which was practiced for a period of over three years. The crop rotation usually
involved Teff, chickpea and wheat. SOC content for crop rotation was 2.13% at 0 to 15 cm
and 1.02% at 15 to 30 cm depth. The carbon yield was 984.33 g/m2/year at 0 to 15 cm soil
depth.

The third most important management practice for carbon input was the use of farmyard
manure. The application of farmyard manure has long been treated as a valuable source
of organic matter to enhance soil fertility (FAO, 2001). Jenkinson et al. (1990) reported
that for the same carbon input, carbon storage is higher with manure application than with
plant residues. The reason for this difference was that manure helps the formation and
stabilization of soil macro-aggregates (Whalen and Chang, 2002) and particulate organic
matter (Kapkiyai et al., 1999). Manure is also more resistant to microbial decomposition
than plant residues (FAO, 2001). The SOC content of farmyard manure plot was 1.75% at
0 to 15 cm and 1.03% at 15 to 30 cm depth.
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The area that was fenced off from grazing had a carbon yield of 172 g/m2/years as shown
on Table 4.7. White et al. (1976) (cited in Post and Kwon, 2000) found a lower value of 21
g C m-2y-1 and Burke et al. (1995) reported an accumulation of 3.1 g C m-2y-1 in the short
grass steppe on unimproved and abandoned crop fields. These results suggested that
longer periods were required for more pronounced increases in total SOC under
conditions of low productivity. The fenced off area had the highest soil carbon levels than
crop land that was subjected to conservation tillage (Franzluebbers et al., 2000). Reeder
and Schuman (2002) also found that there was an accumulation of litter in an un-grazed
semi-arid system and the soil carbon level was higher than in the grazed lands. Deep
tillage was a carbon negative practice (Hernanz et al., 2009). Even with the addition of
crop residues, deep tillage produced negative carbon storage as shown in Table 4.7 and
Figure 4.1. And in general, for all the top three carbon input practices, livestock products
and by-products play a greater role in carbon storage.

Animal waste disposal (3.90) > 50yr.

Soil Organic Carbon (%) at 0-15 cm

No input never tilled/degraded (2.21) > 15yr
Crop rotation(pulse with cereals)(2.13) = 3yr
Add farmyard manure (1.75) = 7yr
Debrezeit Research Center (undistubed (1.27)
Area enclosure for grazing (1.20) =10 yr
Add compost (1.12) = 4yr
Minimum tillage (1.06) = 6 yr
Deep tillage and chemical fertilizer (0.79) 3yr
Crop residue and deep tillage (0.07) = 3yr

Time (Years)
Figure 4.1: Carbon sources and addition time
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4.4

Conclusions and recommendations

The use of draught animal power for ploughing, threshing and transportation saved
tremendous carbon emissions compared to mechanized agriculture. And in addition to
carbon release to the atmosphere, mechanized farm operations broke down the soil
structure thus contributing to wind and water erosion. Mechanization also released carbon
monoxide, carbon dioxide and other greenhouse gases from fuel combustion. Hence,
draught power ploughing was a positive farm operation when considered from an
environmental point of view.

When comparing the different land uses; grazing was found to have the highest SOC,
followed by fallow land (undisturbed) ecology. Both the degraded and fenced off grazing
areas had high SOC because of the ability of livestock to add dung and urine to the soil
and their capability of moving organic materials from place to place. As a result, it is
possible to argue that the upper surface of grazing land might be degraded physically but
not chemically. The results of this study showed that although livestock was blamed for
degrading the soil structure and vegetation this was compensated by adding organic
carbon into the soil through dung and urine.

In contrasting the different carbon inputs added into the soil, it was found that animal
waste and farmyard manure had the highest contribution. This implied that for most of
carbon inputs livestock products and by-products had a greater place in the carbon sink.
Therefore, livestock production could be considered as one of the major agricultural
production systems in soil carbon storage. Similarly, these production systems also play
an important role in maintaining the eco-system balance through nutrient recycling.

Livestock play a crucial role in the drainage of water from vertisol soils by pulling broad
bed makers for better aeration and nutrient uptake by plants. As a result, SOC
improvement contributed to increase in the yield of grain and straw that led to increased
milk and meat production. It was found that different crop and soil management practices
increased grain and straw yield under vertisols. Particular combination of leguminous
forages with cereal crops improved soil carbon and yield by 40%, while row intercropping
of forage legumes with cereals boosted the yield by 30% and forage grass and legumes
mixed cropping improved yield by 40%. Therefore, livestock and livestock feedstuff were
key players in improving the soil texture and SOC.
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CHAPTER 5:
USE AND MANAGEMENT OF MANURE BY SMALLHOLDER FARMERS AND THEIR
EFFECT ON THE ENVIRONMENT
5.1

Introduction

In 2010 the livestock population of Ethiopia was estimated at about 53.4 million cattle,
48.3 million shoats, 8.1 million equines and 1.1 million camels (FAOSTATA, 2012). The
average annual livestock population growth rate was 1.3%, 1.0% and 0.9% for cattle,
sheep and goats, respectively (Getachew and Gashaw, 2001). That meant the production
and availability of animal feeds has to increase at a higher rate than the livestock
population growth rate (Alemayehu, 2005). In general, human and livestock populations in
Ethiopia have grown at an alarming rate (Ahmed et al., 2003). As a result, there has been
a lot of pressure on natural resources. Livestock overgrazed pastures and crop residues
became major sources of animal feed in the highlands. Forests and bushes were cleared
for crop production, grazing and fire wood (Alemu, 2002). Likewise, animal manure
became a significant source of fuel energy for households (Tesfaye et al., 2004).

Manure production, collection and storage vary with management practices (Tesfaye et
al., 2004). In the case of indoor management practices, manure was collected through a
drainage gutter in a pit in liquid form. For outdoor management practices, manure was
collected from the kraals at night and at day time from the fields while animals were
grazing (Harris and Yusuf, 2001). The use of manure varies with management practices
as well. For indoor management practices, biogas is used for fuel energy and slurry for
fertilization. However, the transport of slurry from homesteads to the fields is the major
challenge limiting wider use (Brandjes et al., 1996). In outdoor management practices, the
loss of manure in the field was higher due to droppings not being picked and urine being
absorbed into the soil.

Manure has become a major energy source as cooking fuel in the rural areas (Asres,
2003). The amount of manure stored has become an indicator of wealth for rural
households. Manure has also become one of the major contributors to household income,
of about 25% of household income for poor farmers (Tesfaye et al., 2004). The use of
manure for cooking fuel and sales has a serious environmental impact as far as soil
nutrient recycling (Fernandez-Rivera et al., 1995) and greenhouse gas emissions are
concerned ( FAO, 2006).
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Although livestock production has several advantages in smallholder agriculture, it is also
the largest global source of methane emissions representing 20 to 25% of all sources of
methane (IPCC, 2001). In addition, it is the greatest generator of N 2 O which contributes to
global warming (IPCC, 2001; Kurihara et al., 2002). Livestock mismanagement is also
blamed for soil degradation through overgrazing, trampling and compaction (de Hann et
al., 1998).

Animal manure is more efficiently utilized in crop production than commercial fertilizer
because a larger fraction of nutrients from manure is absorbed by crops (Brandjes et al.,
1996; FAO, 2006). However, manure storage in the open causes volatilization of ammonia
due to the high temperature and the leaching of NO 3 , P and K (Jackson and Mtengeti,
2005). Surface spreading of manure without mixing it with soil during periods of high
precipitation on fallow lands, may also lead to volatilization, leaching and surface runoff
(Brandjes et al., 1996).

Although manure remains an important organic source of fertilizer and fuel energy, its
impact on the environment has never been given adequate research it deserves,
particularly under mixed crop and livestock production systems (Tesfaye et al., 2004).
One of the purposes of this study was therefore, to document the effect of manure storage
and age of storage on the loss of nutrients under mixed crop and livestock production
systems of smallholder farming.

Research on the use and management of manure in the highlands was done by Tesfaye
et al. (2004) who described the types of manure storage, means of transport and the level
of use as fertilizer. However, their report did not describe the effect of different types of
manure storage and management practices on the loss of nutrients and the pollution level
under smallholder farming systems. Getente (2003) reported the effect of manure and N
fertilizer on the establishment, herbage yield and seed production of perennial grasses in
a research station in the Ethiopian highlands. The National Meteorological Service Agency
in Ethiopia-NMSA (2001) and Asres (2003) undertook a greenhouse gas emissions
inventory for all sources in Ethiopia based on the guideline from IPCC (1996), including
level of pollution level. However, they did not report about the impact of different manure
management practices on the local environment and did not scale it down to household
level.
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The current study attempted to assess the different manure management practices and
their benefits to smallholder farmers. The study addressed:
•

the trends of livestock holdings in the past three decades,

•

the use, handling and storage of manure and their benefits,

•

loss of nutrients from different types of manure storage and the age, and

•

household gas emission levels due to the mismanagement of manure.

Information on these research issues was captured through household interviews, focus
group discussions and manure sampling for chemical analysis.
5.2

The objectives

The objectives were:
•

To document the production and storage of manure under smallholder farming.

•

To assess the handling and use of manure under smallholder farming and the
limitations to the use of manure as organic fertilizer.

•

To estimate household loss of nutrients and gas emissions due to the
mismanagement of manure.

5.3
5.3.1

Materials and methods
The study area

The study area was Adaa district which has a high potential for mixed livestock and crop
production systems. It is one of the 12 districts in East Shoa zone in Oromia regional state
of Ethiopia. It is located southeast of Addis Ababa at 38o51’ 43.63’’ to 39o04’ 58.59’’ E and
8o46’ 16.20’’ to 8o59’ 16.38’’ N, on the western margin of the Great East African Rift
Valley. The altitude ranges from 1 500 m to ≥ 2 000 m above sea level. There are two
major agro climatic zones: the mountain zone located ≥ 2 000 m and covers 150 km2
(9%); and the highland zone that covers ≥ 1600 km2 (91%) of the area. The average
annual rainfall is 839 mm. Mean minimum temperature is 8oC and mean maximum
temperature is 28oC. The mean temperature at the time of sampling was 18.5oC. The
dominant soil types were vertisols, which are fertile but poorly drained and difficult to work
on (IPMS, 2004).
The district is best suited for diverse agricultural production systems, both for intensive
and extensive agriculture. Teff (Eragrostis teff) and wheat are the most abundant crops
64

that grow in the district in addition to pulses. Most farmers rotate chickpeas with cereals,
and livestock production is an integral part of the agricultural production systems. Oxen
are used as draught power for ploughing, threshing, while equines are used for threshing
and transportation.
5. 3.2

Research design

The study used both biological and socio-economic approaches. The biological approach
used target sampling to assess different losses of nutrients due to the type of manure
storage and age, and their implications on the environment. The biological data were then
validated by socio-economic data from interviews and group discussions with owners of
the manure.
5.3.3

Socio-economic survey

The data used in this study were collected in a socio-economic survey which was
undertaken in 2009. A total of 110 smallholder farmers were selected from representative
villages and were interviewed. The data were analyzed using SPSS version 17.0.1 (2008).
The information obtained from the survey included livestock ownership trends, manure
collection methods, storage type, benefits and the limitations to the use of manure. Focus
group discussions were also carried out with owners of manure that was sampled for
laboratory analysis.
5.3.4

Biological study

Heaps of manure in different households were identified and classified according to their
size, age and storage conditions; then sampled as described by Tadesse et al. (1991). A
total of 25 pooled samples were collected. The storage conditions were classified as
shaded, open and fresh (not in a heap) as shown in Table 5.1. Sampling of manure was
done by scooping subsamples from four random spots on each manure heap at different
heights i.e. 0 to 50 cm, 50 to 100 cm, 100 to 150 cm and ≥ 150 cm at the depth of about
30 cm (Zhang, et al., 2001; Jackson and Mtengeti, 2005). The four subsamples from each
representative height of the manure heap were pooled and a sample of approximately 1
kg was taken and stored in a plastic bag before chemical analysis. The pooled samples
from each manure heap were air dried and ground to pass through a 2 mm screen ready
for further analysis based on guidelines described by Tadesse et al. (1991).
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Table 5.1: Manure storage condition, heap height and storage age
Storage
condition

Heap
height (m)

Storage
age (yr)

Frequency Feed management

Shaded

1 – 1.5

1–3

6

Shaded

1.5 – 2.0

>3

4

Indigenous animals fed on
straw and supplements.
As above

Open

0 – 0.5

0.5 – 1 r

1

As above

Open

0.5 – 1

0.5 – 1 r

9

As above

Open

1 – 1.5

0.5 – 1 r

2

As above

Fresh

0

0r

3

As above

Key to storage conditions:
1. Shaded: means manure heap covered with grass, mud or plastered with manure itself.
2. Open: mean manure not covered or protected from sun and rain.
3. Fresh: means dung collected within 12 hours of dropping.

5.3.5

Chemical analysis of manure

Total N was determined using the micro Kjeldahl digestion, distillation and titration method
as described by Tadesse et al. (1991). Total P and K were determined by dry ash method
as described by Tadesse et al. (1991). Organic carbon was analyzed using Walkley and
Black (1934) method as described by Tadesse et al. (1991). The DM content of the
manure was obtained by oven drying the 25 pooled samples at 105ºC for 24 hrs. The C:N
ratio was computed by dividing the amount of C by that of N. Calculations were made on
DM basis.
5.3.6

Statistical analysis and mathematical calculations

SPSS Version 17.0.1 (2008) was used for statistical analysis and interpretation of data
from socio-economic and chemical analyses. Greenhouse gas emissions from manure
were estimated using mathematical formulae described by the IPCC (1996) as follows:
Methane (CH 4 ):
Methane emissions per household were calculated for cattle, shoats (sheep and goats)
and equines (horses, mules and donkeys) using the average number of animals in a
household according to the inventory methodology described by IPCC (1996). Therefore,
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ECH 4 (kg/yr) = fCH 4 (kg/head/yr) x P (average number of animals)
Where; ECH 4 (g/year) = Emissions,
f CH 4 (kg/head/year) = Emission factor, and
P = Average number of animals in each household

Nitrous oxide (N 2 O):
The IPCC uses emission factors of cattle, shoats, equines and poultry to calculate N 2 O
emissions as follows:
N2O

=

N x EF

Where; N 2 O = emissions from the animals (kg N/year),
N = number of animals, and
EF = N 2 O emission factor (kg N 2 O-N per animal).
The emission factor (EF) is a function of the N excretion from the animal (IPCC, 1996)
and the waste management system in the region (IPCC, 1996). The N 2 O emission factors
of shoats as well as equines were estimated by averaging them. The default values from
the IPCC (1996) were used to calculate the EF.

C release: The amount of carbon released from burning manure per household was
adapted from IPCC (1996) formula which was used to estimate carbon released from
burning crop residues as follows:
C (kg/day) = Manure C fraction x manure DM fraction x total DM manure burnt/day
5.4
5.4.1

Results and discussion
Number of livestock per household

Cattle were the major sources of manure produced in the study area. Similar results were
reported by Tesfaye et al. (2004) in the central highlands and Ferdu et al. (2009) in the
northern highlands of Ethiopia. In addition, shoats, equines and poultry contributed to
manure production (NMSA, 2001). To avert the risk of manure shortage, highland farmers
owned various livestock species (Ferdu et al., 2009). The livestock stocking trends for the
last 35 years under different government administrations (eras or regimes) in Ethiopia are
shown in Table 5.2. Generally, the average number of animals per household increased
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during the Derge era in the 1990s compared to the Haile Sellassie era in the 1970s; and
then the number declined during the current era in the 2000s. However, the number of
equines, indigenous oxen and crossbreeds of various species has increased during the
current era as shown on Table 5.2. Ferdu et al. (2009) reported that the size of land
owned and cultivated was a major factor that determined the number of animals owned
except for poultry and shoats.

Generally, the political environment, access to technology, resource endowment, market
and financial capability were the major factors that influence the type and number of
livestock owned by households (Ferdu et al., 2009). In the current study respondents said
that the reason for the low number of livestock owned during the Haile Sellassie era was
that most of the households were tenants of landlords with little individual assets at that
time. The high number of animals per household during the Derge era was after the 1975
rural land reform. The 1975 rural land proclamation took away land from landlords and
distributed it to the previous tenants including assets such as livestock under their control.
Although the present average livestock ownership per household has declined steadily
compared to the end of the Derge era, there has been an overall increase in livestock
population for all households by 3% compared to the end of Haile Sellassie era.

Table 5.2: Average number of livestock per household under three governments
End of Haile Sellassie era
Species

(1974)
Indigenous
Improved

End of Derge era

Current era

(1991)
(2009)
Indigenous Improved Indigenous Improved

Cattle

6.5

0.03

8.4

0.06

8.1

0.19

Oxen

2.33

0.02

3.04

0.01

3.07

0.03

Shoats

6.3

0.0

7.5

0.0

4.3

0.0

Equine

1.3

0.0

1.9

0.0

2.1

0.0

Poultry

6.3

0.1

11.4

.00

7.6

0.15

Beehives

0.8

0.0

0.6

0.0

0.3

0.0

There were signs of an increase in crossbred cattle per household and a significant
decrease in shoats. The shoats declined because they were more easily converted into
cash to solve personal problems, feed shortages and disease epidemics. Ferdu et al.
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(2009) found that in northern Ethiopia, when households faced an income deficit they
responded mainly by reducing the number of small animals because they were relatively
easy to convert into liquid cash and there was a readily available market. In the current
study, the general cattle ownership had declined slightly, but oxen population had
increased. The increase in the number of oxen and crossbred cattle, and the decrease in
other livestock categories indicated that farmers were keeping livestock for specific
purposes. Draught animals were kept for ploughing and transport and crossbreed animals
were kept for the milk market. In a similar study conducted in northern Ethiopia under
mixed agriculture, it was reported that with increasing income farmers preferred to own
more oxen; and those who owned more oxen were found to be interested in owning pack
animals as well (Ferdu et al., 2009).

Change in crop intensification led to a change in the purpose of livestock keeping as well.
Farmers started keeping certain animals for specific purposes unlike the traditional way of
livestock keeping where animals were kept for prestige and insurance against risks by
owning a diversity of livestock species (Williams et al., 1995). The major drive for a
change of attitude towards the purpose of keeping livestock was the scarcity of resources,
mainly feed and water. Equine ownership has significantly increased due to lower off-take
rate and the feeding habits of equines which have helped them to survive under harsh
environments where feed resources were extremely scarce.
5.4.2

Manure production, uses and sales

Crossbred dairy cattle produced more manure per day (4 to 5 kg DM) than indigenous
cattle (2 to 2.5 kg DM) (Fernandez-Rivera et al., 1995). Based on the average of 8.1
indigenous cattle ownership, a household was expected to collect 16.2 to 20.3 kg of
manure per day. However, in the current study households collected manure in the range
of 2.1 and 2.8 tons per year or 6.6 kg per day per household in open grazing as shown in
Table 5.3. Tesfaye et al. (2004) estimated the production of manure at 20 to 54 kg per
day per household under indoor management in Holetta. This difference shows that there
might have been losses during manure collection. A similar case was reported in subSaharan Africa where losses during manure collection and storage were less documented
(Murwira et al., 1995; Harris and Yusuf, 2001).
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In the present study, out of the total manure collected per household, two thirds was used
for household fuel energy supply and one third was sold to generate income. About 93%
of the respondents collected manure for fuel energy supply and only 24% sold to generate
income. The amount of manure sold per household dropped from 1 078 kg in 2006 to 618
kg in 2008 (Table 5.3), but there was a slight increase in household annual income from
the sale of manure due to price increase as shown in Table 5.3. Ninety percent of the
cases of manure sales were operated by women. There were no significant differences in
manure production, home use and the amount sold for the three years period.
Table 5.3: Amount of manure produced, used at home or sold
Year

Production

Home use

(Tons)

(Tons)

2006

2.8 ± 3.7

2007
2008

5.4.3

Sold

Income per year

(Tons)

(Birr)

1.7 ± 3.4

1.1 ± 1.5

325 ± 265

2.4 ± 3.1

1.5 ± 2.8

0.9 ± 1.2

332 ± 204

2.1 ± 3.0

1.5 ± 2.9

0.6 ± 0.9

340 ± 253

Methods of manure collection

Manure collection was the first step in the manure management process. When animals
grazed crop residues, dung and urine were added to the soil resulting in subsequent
increase in crop yields (Powell et al., 1993). This practice saved power that could have
been used to collect, transport and spread manure in the fields. In the current study,
indigenous breeds were kept overnight in kraals near homesteads and grazed on crop
residues and road sides during the day. Manure was collected from the homesteads and
in the fields. In the fields, urine was not captured and the amount of dung collected was
below production, because about one third of the manure produced was lost in the fields
(Tesfaye et al., 2004). In this study, 96% of the farmers said that 50 to 100% of their
manure sources came from the homesteads from night droppings in the kraals. About
54% of respondents indicated that 25% of their manure sources were from field
collections, which illustrated that more manure was lost in the fields as shown in Table
5.4.

All manure was collected by women and children. Homestead manure was collected early
in the morning before animals went out to graze in the fields. Women did pan-caking and
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storage. The manure was usually collected in one place and pan-caking was done by
mixing manure with straw and moulded into pancakes. The addition of straw made the
pancake stronger, easier to mould, easier to store and easier to ignite (Tesfaye et al.,
2004). Poor farmers who did not own livestock had to collect dung from open fields.
Livestock dung that was collected from the fields was for free. Manure heaps around
homesteads was an indicator of wealth.

Table 5.4: Frequency of respondents and sources of manure in the study area
Frequency of respondents
Manure source

Homestead

1 – 25%
Source of
income
1

25 – 50%
50 – 100%
Source of income Source of income

Total

2

96

99

Field collection

54

5

5
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Purchase

1

0

0

1

56

7

101

164

Total

5.4.4

The process of storing manure and factors affecting storage

Manure was stored in two ways, i.e. before pan-caking while it was fresh and after pancaking in the form of heaps. The heaps of pancakes were covered with a grass roof
and/or sealed with wet dung to protect from rain, wind and sunshine. Women stored the
pancakes near their main gates. In each heap, there were window-like openings for easy
and frequent removal of pancakes for home use and for sale.

Each pancake weighed about 500 to 1200 g and was sold for US$ 0.02 to 0.03. Some
farmers with about 4 livestock units (TLUs) who specialized in the manure business
reported earnings of about US$17 per annum. In the rainy season, farmers stored manure
in pits waiting to prepare pancakes during the dry season. Manure pancakes were not
prepared during the rainy season to avoid loss of nutrients and the wetness of manure
from rain.
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Powell et al. (1993) and Tittonell et al. (2010) described the storage condition, age and the
height of manure heaps; and how they affected the quality of manure. The majority (90%)
of the respondents covered manure with grass roofs or sealed the grass roofs with wet
dung. The age of manure heaps varied from 6 months to > 3 years. Wealthy farmers kept
manure heaps for longer periods than poorer farmers. The better off farmers did not sell
manure for income generation, so that they could accumulate it in bulk.

The manure heaps were usually dome shaped with conical narrow tips in order to avoid
the infiltration from rainwater. The quality of manure was affected by environmental factors
such as rain, humidity, insects and rodents (Brandjes et al., 1996). Respondents in this
study ranked the severity of the effects of these factors on manure quality as rain (32%),
insects and rodents (31%) and humidity (30%). Rain made manure wet and difficult to
burn. Wet manure produced a lot of smoke which affected human health. Poor manure
storage favoured mould and fungi development, and became a hiding place for insects
and rodents.
5.4.5

Manure uses and benefits

It was assumed that manure would be used for fertilizer, but the bulk of it was used for
fuel energy. About 99% of the respondents used manure for cooking fuel (Table 5.5). The
monthly average manure consumption was estimated at 165 kg per household, which was
about 5.5 kg of manure from two cows per day (Table 5.5).

Table 5.5: Household monthly energy usage and sources of energy
Purpose

Wood
3

(m )

Electricity Kerosene Manure

Residues Candles

(w)

(leaves)

(l)

(kg)

(no.)

Charcoal
(kg)

Lighting
Respondents

-

17

85

1

-

1

-

Mean (± SE)

-

18.3±4.7

2.8±1.6

8

-

4

-

Respondents

85

3

32

100

19

-

17

Mean (± SE)

4.8 ±3.2

7.3±1.1

4.3±1.5

165±18

20

-

13.8±5.7

Cooking
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Another use of manure was for fertilization. The recommended amount of fertilizer in the
current study area was 45 kg/ha N for Teff and wheat production (Bekele Soboka,
personal communication). Based on the current N content of manure (1.40% DM) for a
household to produce enough manure for a 2 ha land plot they had to produce 6 400 kg of
manure per annum. To achieve that amount a household has to collect 18 kg manure per
day, which is impossible to attain since the manure collection in the present study was 6.6
kg per day per household.

Manure was also used as a plastering material for wall painting, grain stores, manure
sealing, flooring and bed decoration, threshing grounds and covers for Enjera baking
plates. In these activities all nutrients were lost to non-crop production activities. When
manure was burnt directly, most of the C and all of the N and S were lost (Tesfaye et al.,
2004). However, other nutrients like K and P were recycled in arable land through the
spread of the ashes in the fields.

The current cattle ownership of 8.1 was closer to the requirement of meeting the amount
of manure for fertilization. However, in Table 5.3 it is shown that farmers in the study area
were only able to collect one third of the manure produced, of which more than 80% was
used for cooking fuel. Only 36% of respondents used manure as a fertilizer in their
backyard land plots as shown in Table 5.6. The average household land covered with
manure was only 0.30 ha or 18% of total land owned, and the remaining 81% of the farm
land was fertilized with chemical fertilizers or without any fertilizers as shown in Table 5.6.

There was a significant difference (P<0.01) in yields among crop types in response to
manure application. Vegetables produced higher yields with manure than chemical
fertilizers. Cereals responded more to chemical fertilizers than manure, which could be
attributed to the application rate of manure. However, for sustainable crop production, a
combination of manure and chemical fertilizers would be the best option (Brandjes et al.,
1996) as shown in Table 5.6.

73

Table 5.6: Area coverage, amount of production and type of fertilization
Crop

Farmyard manure

Chemical fertilizer

No fertilizer used

Manure
users

Acreage
(ha)

Yield
(Qt)

Acreage
(ha)

Yield
(Qt)

Acreage
(ha)

Yield
(Qt)

%

0.52± 0.5

3.5±2.4

1.2±0.9

12.6±9.4

3.0

4.5

9

Wheat

0.4±0.2

4.5±2.1

0.8±0.6

11.5±9.1

-

-

2

Maize

0.8± 0.1

10.2± 4.4

1.0± 0.3

13.5± 2.5

1.0 ±.2

15.1± 4

17

Vegetables

0.25

23.00

0.25

16.75±7.46

0.25

4.0

1

Mean(±SE)

0.30±0.5

5.20±5.39

0.95±0.8

12.25±11.2

0.41±0.43

5.69±4.42

-

Teff

Respondents in the study area ranked the limitations to the use of manure as: inadequate
production of dung, high labour cost of collection in the fields, bulkiness, high transport
cost, and the risk of weed infestation when manure was spread in the fields (Table 5.7).
On top of the unavailability of manure, the above reasons were some of the factors that
discouraged farmers from using manure as an organic fertilizer. There was also lack of
awareness on the benefits of manure among farmers. The current findings were in
agreement with the findings by Lekasi et al. (1998) in Kenya, Tesfaye et al. (2004) in
Ethiopia and Jackson and Mtengeti (2005) in Tanzania who also reported about the
limitations to the use of manure by smallholder farmers.

Table 5.7: Limitations to the use of manure for fertilization
Rank (%)
Limitations

1

2

3

4

5

6

7

Total %

Inadequate amount

13.2

4.7

2.2

1.7

0.2

0.0

0.0

22.2

Difficult to transport

2.2

3.0

6.0

5.5

1.7

0.0

0.0

18.5

High application rate

2.5

8.0

3.7

4.2

0.0

0.7

0.2

19.5

Weed infestation

0.5

0.7

0.7

3.0

10.0

1.0

0.0

16.0

High labour cost

3.7

5.7

6.2

1.7

2.0

0.5

0.0

20.0

Distant plots

0.0

0.2

0.0

0.0

0.0

0.0

0.0

0.2

Lack of awareness

0.6

0.0

0.0

0.0

0.0

0.0

0.0

0.6

Substitute firewood

1.2

0.7

0.0

0.5

0.2

0.2

0.0

3.0

Total

100.0
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5.4.6

Nutrient losses due to poor manure management

Comparisons were made for N, P, K and OM based on different manure management
systems such as manure heaps based on the following criteria: the type of cover, age and
height of manure heaps. Covering of manure heaps reduced the loss of carbon, ammoniaN and greenhouse gases (Hansen et al., 2006). On the contrary, in the current study
manure heaps which were not covered had an average N content of 1.4 ± 0.3%, while
covered manure heaps had 1.2 ± 0.7% N content. In general, N, P and K values were
higher for manure stored in the open than those which were covered. The ANOVA
showed significant differences (P< 0.05) between covered and open manure heaps for N,
P and K. The difference was due to the fact that open manure heaps were those between
the ages of 6 to 8 months, while covered manure heaps were over one year in storage.
This indicated that the longer the storage period, the higher the nutrient loss through
emissions, leaching, decomposition, and physical weathering (Tittonell et al., 2010).

Long storage periods of manure slurry and high temperature increased C and N losses,
depending on storage conditions (FAO, 2006). Harris and Yusuf (2001) reported N losses
of up to 59% in Ghana during three months of storage of manure. A comparison of
manure based on the storage age that is shown in Table 5.8 indicated that with increasing
age the nutrient depletion for N, P, K increased, particularly the N loss rate was higher
than for the other two nutrients due to the volatile nature of N (Kulling et al., 2003; Rotz,
2004).

In the current study the highest loss of N, P and K occurred in 2 to 3 year old manure at
the rate of 84%, 19% and 42%; respectively. The ANOVA showed that at P<0.05, there
was a significant difference in storage period of N and K, but there was no significant
difference for P across different storage periods. The current findings are in agreement
with the results obtained in Kenya (Tittonell et al., 2010). N loss during (aerobic)
composting varied from 20 to 80% (Lekasi et al., 1998). These authors reported that
losses were by far the highest for N, followed by K and P which agreed with the current
findings (Table 5.8). Therefore, storage of manure for more than two years has a serious
environmental impact on ammonia-N, NO 3 and N 2 O (Brandies et al., 1996).
Storage period showed significant differences in chemical composition (Lupwayi et al.,
2000). The OM content was higher for fresh manure (76%) compared older manure at 6
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to 12 months (36%). The difference of about 40% in OM between fresh manure and 6 to
12 months old manure could be attributed to weathering. The loss of OM and other
nutrients increased with increasing age of manure as shown in Table 5.8.

The other factor that affected nutrient depletion was the height of the manure heaps.
Petersen et al. (1998) reported that the loss of K, OM and N were much higher for manure
stored in heaps than manure stored in a pit. In the current study most farmers (80%)
stored manure in heaps while 2% of them used deep litter storage. Heap heights of up to
2 m were recorded in the study area. The ANOVA for manure height at P<0.05 showed no
significant differences in chemical composition because of heap height. This could be due
to the fact that the top of the heaps were well protected from weathering, whereas lower
layers were enriched by nutrients leaching from the upper layers, which made the nutrient
composition uniform across different heap heights, as shown in Table 5.8.
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Table 5.8: Chemical composition of manure in shade storage, heap height and age
Composition

Manure shade

Storage age (yr)

Heap height (m)

Covered

Open

Fresh

0.5-1

1-2

2-3

>3

0-0.5

0.5 -1

1-1.5

1.5-2

%DM/kg

97.8±0.8

97.2

81.84±6

97.2±0.4

97.1±0.3

96

96.4±2

96.5

97.2

96.9

98

%OM/kg

36.3±10

36.6±11

76.2

36.6±11

32.1±7.6

31

45.0±2

55

50

49

33

%N/kg

1.2±0.7

1.4±0.3

1.9±0.07

1.4±0.3

1.4±0.9

0.3

1.2

1.7

1.4

1.9

1.6

P ppm/kg

1.4±0.3

1.6±0.3

1.6±0.4

1.6±0.3

1.4±0.1

1.6

1.3±0.4

2.3

1.9

1.8

1.8

K ppm/kg

0.56±0.2

0.56±2

0.72±0.0

0.56±0.2

0.71±0.1

0.6

0.41±0.

0.49

0.19

0.58

0.7
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In general, there were high losses of C and N during storage. These findings were in
agreement with the review done by Kulling et al. (2003) who reported that average C loss of
about 40% was suggested for solid cattle manure, but the value could vary as a result of
storage conditions (aeration, storage period and temperature), and manure characteristics
(degradability and moisture content).

The ANOVA undertaken to compare the mean differences between indigenous cows and
crossbreeds as well as the mean differences in feeding regimes (supplement vs. nonsupplement) showed that there were no significant differences for all nutrients in the dung.
These findings were in disagreement with those reported by Tesfaye et al. (2004) and
Kulling et al. (2003). The reason could have been that in the current study feed
supplementation was not concentrate feed, but working animals and milking cows were fed
extra mineral salt and Teff straw.
5.4.7 Impact of manure management on the environment
There were variations in nutrient losses during manure collection, storage or processing and
application (Kulling et al., 2003; Rotz, 2004). The most important processes involved in the
loss of nutrients were:
•

leaching of soluble nutrients from urine, in particular N, K and S, and

•

loss of gases during collection, storage and application of ammonia in particular.

A loss of 41% N from dung was reported by Lekasi et al. (1998) during the collection and
composting of cattle dung for 144 days. In the Ethiopian highlands, local animals were taken
out to graze in the fields during the day and kept in kraals near the homesteads at night.
Kraals were permanently kept near homesteads to avoid theft. Therefore, there was a
substantial loss of nutrients during the day when the animals were out grazing in the fields,
especially through urine, because urine patches contained as much as 200 to 550 kg N/ha
(Tittonell et al., 2010). Volatilization of N might also be considered at 10 – 25% (Lekasi et al.,
1998). Loss through volatilization were dependent on the level of ventilation, depth of
storage tanks and storage period (FAO, 2006), and often ranged between 5 and 35% of the
total N excreted.
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Overnight keeping of animals in kraals also contributed to nutrient losses since urine was not
collected and beddings were sparsely used. Some of the nutrients in dung were also lost
through leaching and surface runoff, due to trampling and poor drainage in the kraals (Harris
and Yusuf, 2001). Some farmers (6%) who kept crossbred cattle used slurry storage for both
dung and urine.
5.4.7.1

Greenhouse gas emissions in households

Estimates of CH 4 and N 2 O emissions for cattle, shoats and equines were calculated based
on IPCC (1996) greenhouse gas emission guidelines. Average number of livestock per
household in 2009 was extracted from interviews with farmers during the socio-economic
survey (Table 5.9). The emissions were calculated as: the emission factor per animal
multiplied by the average number of animals in a household. The emission factors were
based on the IPCC data (1996). This information was important in estimating the contribution
of livestock per household to greenhouse gas emissions into the atmosphere. Table 5.9
shows the concentration of CH 4 and N contributed by an average household in the study
area.
Table 5.9: Average household methane and nitrogen emissions
Species

Average
number per
household

Fermentation

Manure

Total

N from
manure
(kg/yr)

Methane emissions (kg/yr)

Cattle

8.3

265.6

8.3

273.9

318.72

Shoats

4.3

21.5

0.73

22.2

46.44

Equines

2.1

29.4

2.67

32.1

83.16

Poultry

7.6

-

0.14

0.14

3.78

22.3

316.5

11.84

328.3

452.1

Total

(I).

Methane (CH 4 )

The global atmospheric concentration of CH 4 has increased from a pre-industrial value of
about 715 ppb to 1 732 ppb in the early 1990s, and 1 774 ppb in 2005 (IPCC, 2007). One of
the most important sources of anthropogenic CH 4 is ruminant animals. They produce CH 4
81

during the normal enteric fermentation process. In the 1990s, it was estimated that
ruminants were responsible for about 28% of all anthropogenic CH 4 emissions (Moss et al.,
2000; Kurihara et al., 2002).

In the current study, the amount of CH 4 produced was estimated at 328.3 kg per year per
household (Table 5.9). The most important ruminants in terms of CH 4 emissions were cattle
which produced 82% of the household emissions. According to IPCC (2007) CH 4 was 25
times more powerful than CO 2 in global warming potential (GWP). Emissions of 1 million
metric tons of CH 4 are equivalent to the emissions of 25 million metric tons of CO 2 called
“equivalent CO 2 ” (CO 2 e). This is the concentration of CO 2 that could cause the same level
of radioactive force and concentration of greenhouse gases (IPCC, 2001). Therefore, the
amount of CH 4 produced per household in the current study was estimated at 8.2 metric
tons of CO 2 e per household per annum. The reference value adopted for the emission factor
per animal was taken from IPCC (1996), which has an uncertainty of 20% in the value. The
average household size was 6.2, thus the amount of CO 2 e methane emission per capita per
year was 1.3 tons. This rate alone was 30% higher than the total CO 2 e for all GHG
emissions reported in Ethiopia, and 1 ton per capita reported in 2005 (Wikipedia, 2011).

(II).

Nitrous oxide (N 2 O)

It was estimated that the global atmospheric concentration of N 2 O increased from preindustrial value of about 270 ppb to 319 ppb in 2005 (IPCC 2007). In 1998 the N 2 O
emissions from manure management systems were responsible for 26% of the total
anthropogenic emissions of N 2 O (Kroeze and Mosier, 2002; Hickmen et al., 2011). The N 2 O
emission from domestic livestock in the study area was calculated based on the average
number of livestock per household and GHG emission inventory guidelines from IPCC
(1996).

Therefore, the N 2 O released per household was estimated as: 452.1(N) x 0.02(EF) = 9.04 kg
N 2 O emissions/annum/household. The emission of 1 million metric tons of N 2 O was
equivalent to the emissions of 298 million metric tons of CO 2 (IPCC, 2001). In the current
study, the CO 2 equivalent of N 2 O emitted from manure was 2 694 kg /annum /household or
0.4 tons CO2e emissions per capita per year.
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The N content of fresh manure in the present study was 1.9%, while Tesfaye et al. (2004)
reported from similar agro-ecology zone a value of 0.42% from ashes of burnt dung. The
difference of 1.48% N was the amount of N lost as N 2 O, NO 3 and NH 4 . Thus, the amount of
N lost per household per day was 81.4 g N (i.e. 1.48% N x 5.5 kg/day). When this was
converted to N 2 O it was 360.3 g N 2 O emissions into the environment per household per day
(i.e. 81.4 g N x 4.4263 conversion factor).

Africa contributed 15.5% of the total global anthropogenic emissions of N 2 O in 2005, which
was equivalent to 1500 Gg N 2 O when Africa had an estimated 1 billion people (Hickmen et
al., 2011). Thus, based on 2005 data N 2 O production per capita per annum for Africa was
estimated at 1.5 kg. According to the current study, a household size of 6 people produced
0.3633 kg/d x 365.25 days = 132.7 kg. Thus, N 2 O production in the current study was
estimated at 22 kg per capita per annum. This was 15 fold higher than per capita emissions
in Africa. The estimates of N 2 O were based on the IPCC guidelines. Although IPCC
guidelines provided an initial estimate, the current default values and assumptions of the
IPCC are unlikely to accurately estimate emissions in Africa (Hickmen et al., 2011).
(iii)

Carbon (C)

About 94% of the respondents in the current study used manure for cooking fuel. When
manure was burnt directly, most of the organic compounds such as C, N and S were lost to
the atmosphere, which contributed to greenhouse gas emissions (FAO, 2002) and other
nutrients were recycled on arable land through the spread of the ashes in the fields.

Eighty percent of the respondents said that they used manure aged between 6 to 12 months
for cooking fuel. The C fraction of 6 to 12 months old manure was found to be 36.6% OM.
Assuming there was 55% C in the OM of manure (Hansen et al., 2006), and a C factor of
0.2013, the DM fraction would be 0.972. The average amount of manure burnt per day for 3
years as reported in the current study was 1.57 kg/day/household. Thus, the annual carbon
emitted per household due to the burning of manure was calculated as:
C (kg emissions/household/year) =
=

0.2013 x 0.972 x 1.57 kg/day x 365.25 days
112.20 kg C emitted /household/year
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It was also estimated that the global atmospheric concentration of CO 2 increased from a preindustrial value of about 280 ppm to 379 ppm in 2005. The annual CO 2 concentration growth
rate was larger from 1995 to 2005, an average of 1.9 ppm/year (IPCC, 2007). To convert C
to CO 2 , a factor of 3.67 (i.e. 44/12) was used (CO 2 Information Analysis Centre, 2007).
Therefore, the amount of CO 2 released per household from the burning of manure was
122.20 kg C x 3.67 = 381.48 kg CO 2 /household. The world CO 2 emissions per capita per
annum in 2006 were estimated at 4 180 kg CO 2 (IPCC, 2007).
Thus, with an average of 6.2 people per household CO 2 emission was estimated at 61.50 kg
CO 2 . In the USA (the highest carbon emitter), CO 2 emissions in 2006 from human activities
were estimated at 18 600 kg CO 2 per capita (IPCC 2007). The comparison showed that the
use of manure as fuel in the study area had no significant effect on CO 2 emissions per
capita, but they had a negative impact in terms of nutrient recycling, soil carbon
sequestration and soil fertility. Therefore, for improved yield and healthy eco-systems
burning of manure has to be substituted by other alternative energy sources such as bio-gas
(FAO, 2001).

Overall, livestock and manure management systems contributed a lot to GHG emissions.
The total CO 2 e gas emitted per household per annum by livestock, manure management
and burning was estimated at 11, 276 kg CO 2 e (i.e. 8 200 kg CO 2 e from CH 4 , 2 694 CO 2 e
from N 2 O and 381.48 kg CO 2 e from CO 2 from burning manure) which was about 2 tons
CO 2 e per capita per year. The CO 2 e emission rate in this study was twice the one reported
by Wikipedia (2011) for Ethiopia’s per capita emission in 2005. Had other anthropogenic and
natural GHG emissions been added to this CO 2 e value, the total amount of CO 2 e gases
released per capita in Ethiopia would be alarming. This calls for more research to estimate
GHG emissions at household level and grass root level. Under the household level GHG the
largest CO 2 e emissions were from CH 4 (72.6%), N 2 O (24%) and C (3.4%) which showed
that there is an urgent need to improve livestock and manure management systems under
smallholder agriculture.
In 1998, Ethiopia ranked 18th globally in terms of CH 4 emissions from livestock and 10th in
N 2 O emissions from manure management (WRI-CAIT, 2012). The ranking in N 2 O emissions
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went up from 13th in the 1980s to 10th in 1998 (WRI-CAIT, 2012). This evidence indicated
that due attention should be given to reduce N 2 O emissions by improving manure
management at grass root level.

5.5

Conclusions and recommendations

On the average, the number of livestock per household for most species increased during
the Derge regime in the 1990s compared to the Haile Sellassie regime in the 1970s when
people did not own land; and then the number declined in the 2000s except for equines,
crossbreeds and oxen. The change to crop intensification led to the change in the purpose
for livestock keeping. Farmers started keeping certain animals for specific purposes unlike
before when livestock was kept for prestige and economic security. The major drive for the
change in attitude towards the purpose of keeping livestock was scarcity of resources,
mainly feed and water. Equine ownership has significantly increased due to their low off-take
rate and their feeding habits which allowed them to survive in harsh environments where
feed resources were extremely scarce.

Out of the total manure produced per household, two thirds was used for household fuel
energy consumption and one third was sold to generate extra income. About 93% of the
respondents said that they collected manure for household fuel needs, but only 24% of that
was sold to generate extra income. All manure was collected by women and children.
Homestead manure was collected early in the morning before animals went out to graze in
the fields. Manure was collected in one place and pan-caked after mixing with straw. Women
did pan-caking and storage of the manure. Straw enabled the manure to be moulded into
pancakes, and it also made it easier to store and ignite.

Manure heaps were domed with conical shapes that narrowed at the tips in order to protect
the manure from rain water and sunlight. The quality of manure was affected by
environmental factors such as rain (32%), insects and rodents (31%); and humidity (30%)
during storage. Rain made manure wet and difficult to burn. Poor storage led to fungal
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development and infestation by insects and rodents. There were high losses of C and N
through leaching and gas emissions during storage.

Although it was commonly assumed that manure was used for fertilizer, the bulk of it was
actually used for cooking fuel. There was a significant difference in crop response to manure
application. Vegetables produced higher yields with manure than chemical fertilizers.
Cereals responded more to chemical fertilizers than to manure. Therefore, combining
manure and chemical fertilizers was the best option for the sustainability of crop production
in the area. Some of the limitations to the use of manure as an organic fertilizer were
inadequate manure production, high labour cost, bulkiness and high cost of transport to the
fields and weed infestation. Manure management systems in the study area were affected
by livestock husbandry practices. Only crossbred cattle (5%) were zero-grazed and used;
and manure was stored in pits as slurry. Indigenous cattle were grazed outdoors in the fields
during the day and at night they were kept in kraals near homesteads. There was a
substantial loss of nutrients during the day when animals were grazing in the fields through
leaching and trampling of dung and urine patches. Indoor or zero grazing of livestock could
reduce nutrient losses.

The use of manure as fuel in the study area had no significant effect on CO 2 emissions at
household or local level, but had a negative impact on SOC storage and soil fertility.
Therefore, for improved yield and balanced eco-systems manure burning has to be replaced
by other alternative energy sources such as bio-gas and kerosene. The largest carbon
equivalent emissions were from CH 4 (72.6%), N 2 O (24%) and CO 2 (3.4%) which indicated
the need to improve livestock and manure management systems under smallholder
agriculture. New dietary strategies are in place in some developed countries for the
reduction of CH 4 emissions from ruminants by manipulating ruminal fermentation directly to
inhibit methanogens and protozoa or to divert hydrogen ions away from methanogens. By
contrast, in developing countries, change in feeding systems, breed selection, good animal
husbandry and improved take-off were identified as viable options for the reduction of
greenhouse gas emissions. However, existing mitigation strategies for CH 4 emissions in
dairy production, such as the use of high quality forages and increased use of grains were
recommended management practices in the current study.
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CHAPTER 6:
THE CONTRIBUTION OF LIVESTOCK AND ANTHROPOGENIC FACTORS TO HEAVY
METAL LOAD
6.1

Introduction

Heavy metals are those that are found in the soil in both trace amounts and elevated
concentrations to the point of being toxic to plants and animals in some cases (Alloway,
1994). They are listed as Cadmium (Cd), Chromium (Cr), Cobalt (Co), Copper (Cu), Mercury
(Hg), Manganese (Mn), Molybdenum (Mo), Nickel (Ni), Lead (Pb), Selenium (Se) and Zinc
(Zn). Toxic elements can be classified as those elements that may have adverse effects on
crops and ultimately on consumers of produce (Alloway, 1994; Gupta and Gupta, 1998).
Although each country has its own regulations and standards of the maximum allowable
concentrations, the levels that are generally accepted are those of the European
Commission directive No 1881/2006 and No 629/2008, and US Food and Drug
Administration (FDA, 2000). Typical concentration levels for some metals found in soils that
are not considered contaminated and do not have parent material that is high in these
metals are: 20 mg/kg Cu, 1 mg Cd/kg, 50 mg/kg Ni, 25 mg/kg Pb, and 50 mg/kg Zn
(Forstner, 1993).

The contamination is a hazard when the available fraction of heavy metals readily mobilized
in the soil environment are taken up by plant roots that eventually affect livestock and
humans who consume different plant parts as well as grains (Chaney et al., 1993).
Research on heavy metals availability is a very important activity because it investigates the
risk of movement of these metals down the soil profiles and the subsequent contamination of
underground water deposits (Christensen et al., 1996; Antoniadis, 1998). The availability of
metals to crops is also related to the accumulation of metals in the food chain at levels that
are potentially hazardous.

In Ethiopia heavy metal availability to crops may occur after irrigation with water from rivers
that are contaminated with factory effluents. This has been studied by many investigators in
the past (Fisseha, 1998; Tamiru, 2001; 2006; Fisseha, 2002; Fisseha and Olsson, 2004;
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Amare, 2007), but the role of different local agricultural practices in enhancing heavy metal
accumulation as well as the level of heavy metal accumulation under smallholder farming
systems has not been well documented.

Many researchers have investigated the possibility of downward movement of heavy metals
in soil profiles and have come up with different findings (Antoniadis, 1998). Some
investigators thought that heavy metals were not supposed to move very deep into the soil
profiles (Antoniadis, 1998), while others found that there were certain conditions that could
facilitate the movement of heavy metals deep into the soil profiles (Kabata-Pendias, 2007).
These conditions include acidic soil environment, unsafe agricultural practices, soil texture
such as sandy soils with low absorption capacity, and high concentration of heavy metals in
the topsoil (Kabata-Pendias, 2007).

Preliminary studies on heavy metals in Ethiopia indicated that there were increasing trends
of heavy metal uptake by vegetables grown on farms contaminated with heavy metals from
irrigation water or other pollutants (Fisseha, 1998; Fisseha and Olsson, 2004; Tamiru, 2006;
Amare, 2007). Therefore, there is a growing concern about food quality and safety when
agricultural products are obtained from contaminated soils.

Soils under repeated

contamination from different pollutants eventually lose their resilience and are unable to
provide good quality food products (Antoniadis, 1998). They become hazardous to both
human and livestock health and as well as the environment. An appraisal of the extent of
contamination in urban and rural farms is of paramount importance and should recommend
alternative remediation measures (During et al., 2003).

In the current study six heavy metals (Cu, Fe, Mn, Ni, Pb and Zn) were assessed. Fe and Zn
are very important and mobile elements which have been widely studied. Ni, like Zn, is
mobile in the soil and it is also essential for plant growth, while Pb (although a relatively
immobile metal) is considered a very serious environmental contaminant (Kabata-Pendias,
2007). In the light of all the above, soil samples were collected and examined for the effect
of different practices on heavy metal load under smallholder farming. The role of different
organic sources, land management practices, soil texture and soil tillage were taken into
account to evaluate the level of heavy metal load on soils in the study area. The impact of
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factory effluents on heavy metal load in the soil was assessed to highlight the risk of future
industrial expansion on the local environment.

Therefore, the purpose of this study was to: (a) assess the effects of factory effluents on the
heavy metal load on smallholder farms; (b) compare the level of heavy metal concentrations
under the influence of different natural and anthropogenic factors (land use, soil texture and
tillage type); and (c) highlight the leaching of heavy metals to the lower soil profiles and the
role played by organic carbon.

6.2

Materials and methods

6.2.1 Location of sites
Adaa district lies between longitudes 38o 51’ to 39o 04’ E and latitudes 8o 46’ to 8o 59’ N,
covering an area of 1750 km2 east of Addis Ababa. Most of the land (90%) is plain highlands
ranging between 1600 to 2000 m above sea level, and the remaining area is mountainous.
The district is characterized by subtropical climate and receives about 860 mm rain per
annum. In general, the main rainy season occurs between mid-June and September,
followed by a short dry season that might be interrupted by the short rainy season in
February and March (Kahsay, 2004).
Mean annual temperature ranged from about 8 to 28ºC. Black clay vertisol soils were the
dominant soil type, which are fertile but difficult to work on because of water logging. The
average household farm size varied from 1 to 2.5 ha and the major farm operations were
done by draught oxen power. The main farming systems were mixed crops and livestock
production systems. Livestock farming included dairying, cattle/oxen fattening, poultry and
small ruminant rearing. Apiculture was emerging in some areas like the vegetative mountain
areas. The population of the district was estimated at 300 000 people, of which 50% were
rural people whose livelihoods were based on agriculture (IPMS, 2004).
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6.2.2

Soil sample categories

The total sample sites were 15 as shown in Table 6.1. Soil samples were taken at the
depths of 0 to 15 cm and 15 to 30 cm. Four subsamples were taken from each sample site.
Subsamples of each site were mixed in one bag to form a pooled sample. The sample sites
were grouped in the four categories according to (a) tillage type, (b) land use, (c) soil texture,
and (d) organic sources of fertilizer.
Table 6.1: Sample sites and their characteristics
Case

Sample site

Tillage type

Land use

No:

Soil texture
(15-30 cm)

Organic
sources of
fertilizer

1

DZ Research Centre

Uncultivated

Undisturbed

Silt loam

None

2

Private commercial
farm

Deep tillage

Crop land

Sandy loam

Animal

3

Crop rotation plot

Shallow tillage

Crop land

Loam

Plant

4

Minimum tillage

Minimum tillage

Crop land

Clay loam

Plant

5

Farmyard manure plot

Shallow tillage

Crop land

Clay loam

Animal

6

Compost plot

Shallow tillage

Crop land

Loam

Plant

7

Recycling residue

Shallow tillage

Crop land

Clay loam

Plant

8

Communal grazing

Uncultivated

Grazing

Sandy loam

Animal

9

Fenced off

Uncultivated

Undisturbed

Loam

None

10

Mechanized farming

Deep tillage

Crop land

Loam

None

11

Effluent contaminated

Shallow tillage

Chemical

Clay loam

None

12

Effluent contaminated

Shallow tillage

Chemical

Clay loam

None

13

Effluent contaminated

Shallow tillage

Chemical

Silt loam

None

14

Abattoir waste disposal

Uncultivated

Chemical

Sandy loam

Animal

15

Swamp/wetland

Uncultivated

Seasonal
grazing

Silt loam

Animal

Each category of sites was further analyzed using indicators selected by stakeholders
(farmers, experts and the investigator). Thus, tillage type was further broken down into: (a)
Deep tillage (N = 2) which was defined as mechanized tillage with a tractor-mounted disc or
moldboard plough at the depth of >20 cm. This was predominantly used by commercial
farms and well off farmers; (b) Minimum tillage (N =1) which was ploughed using draught
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oxen power before herbicides were used to remove weeds just before sowing. This type of
ploughing was rarely applied in the district; (c) Shallow tillage (N = 7) which involved
draught oxen plough at a depth of 15 to 18 cm with 3 – 5 follow up ploughing depending on
the type of crops. Shallow tillage was widely used in the district, and (d) Uncultivated land (N
= 5) which was never ploughed for over 3 decades.

The sites were also categorized according to their land uses, namely; (a) Sites with chemical
effluents (N = 4) from factory outlets such as detergents, steel and food processing; (b)
Grazing land (N = 2) which were communal grazing lands allocated for livestock grazing
only; (c) Crop land (N = 7) which was solely used for crop production for more than 3
decades; and (d) Undisturbed land (N = 2) which was free from human and animal
interference for more than 3 decades, e.g. areas fenced off for biodiversity conservation.

Four major texture classes were identified in the study area through laboratory analysis.
Their composition was defined using the USDA texture triangle. The four soil textures were
listed as: loam, silt loam, clay loam and sandy loam. Soil textures were analyzed according
the methods described by Bouyoucos (1951) and cited in the laboratory manual prepared by
Tadesse et al. (1991).

The other grouping of the sample sites was the three classes of organic sources of fertilizer
such as; (a) animal debris (N = 5) from slaughter house waste and manure; (b) plant debris
(N = 4) which included decayed crop residues and compost; and (c) non-organic sources (N
= 6) which had no external organic additions either from plant or animal sources. The above
classifications were used in the statistical analysis of heavy metal loads in soils and their
mobility.
6.2.3

Sampling and chemical analysis

Fifteen soil samples were collected from different locations in May 2009, based on the
different land uses and agricultural activities in the study area just before the major cropping
season (June/Sept). The sites were grouped according to different agricultural activities in
the area such as: factory effluent discharge areas, municipal waste disposal areas, fenced
areas, and the types of fertilizers used (organic or chemical). Each soil sample was taken
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from the plough layers (0-15 cm and 15-30 cm). Four subsamples were taken from each site
at a radius of 30 to 50 m distance and pooled together as composite samples to represent
the conditions of the area. At the end, 15 pooled samples were obtained for chemical
analysis.

The pooled samples were air dried at ambient temperature and crushed to pass through a 2
mm sieve first; and then the pooled samples were thoroughly mixed and ground to pass
through a 0.149 mm sieve; and stored in plastic bags prior to the chemical analysis. The
pooled samples were analyzed for Fe, Mn, Ni, Cu, Zn and Pb. All the micro-nutrients were
determined using DTPA extract through Atomic Absorption Spectrometer (Tadesse et al.,
1991). Soil pH was determined using a pH meter with a soil/water ratio of 1: 2.5. Available P
was extracted according to the method described by Olsen et al. (1954).
The organic content in the soil was determined based on the method described by Walkley
and Black (1934). CEC was determined using ammonia distillation (Chapman, 1965).
Exchangeable bases were measured using 1N ammonium acetate per unit of meq/100 g of
soil (Tadesse et al., 1991). The soil texture proportions were determined using Bouyoucos
(1951) method.
6.2.4

Statistical analysis

Statistical analysis and graphs were done using SPSS version 17.0.1 (2008). General linear
model (GLM) was used to compare the mean differences of the different groups. Analysis of
variance was also done. The univariate analysis was used to compute mean, standard
deviation and frequency.

Cluster analysis was used in the grouping of different sample sites with various levels of
heavy metal content in the soil. Cluster analysis or clustering is the task of assigning a set of
objects into groups (clusters) so that the objects in the same cluster were more similar to
each other than those in other clusters (Everitt et al., 2001). At different distances, different
clusters formed a dendrogram or hierarchical clustering (Manly, 2005). In the current study,
Euclidian distance which is the most commonly selected type of distance was used (Everitt
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et al., 2001). It was the most preferred unit for the geometric distance in the multidimensional
space; and it was computed as:
Distance (x,y) = {

i

(x i - y i )2 }½

In the dendrogram, the X-axis marked the distance at which the clusters merged, while the
objects were placed along the Y-axis so that the clusters did not mix. Popular choices are
known as single-linkage clustering that use minimum distance between objects (Everitt et al.,
2001).
6.3

Results and discussion

The concentrations of heavy metals in the soil and their impacts on ecosystems can be
influenced by many factors such as parent material, climate and anthropogenic activities
(Kabata-Pendias, 2007). Heavy metals may be added to soils in organic and inorganic
fertilizers and pesticides, soil amendments (e.g. lime and gypsum) (Zarcinas et al., 2004).
Correlation analysis between heavy metals and fertility parameters assist in tracing the
origins of elevated levels of heavy metals in the soil. This section explains the findings on the
origin and level of heavy metals in the study area.
6.3.1

Origin of trace elements in soils in the study area

The most important consideration in the heavy metal identification in the soils was to
determine the original sources such as natural weathering, industrial processing, use of
metal components in commercial processes, aerial deposition of smelting materials, leaching
from garbage and solid waste dumps, the application of animal products, or some other
sources (Alloway, 1994).

Heavy metals in smallholder agriculture were mostly related to the addition of organic and
inorganic fertilizers to the soil. Most of the materials were added to the soil for agricultural
purposes such as manure, compost, ash, lime and other inorganic fertilizers. When heavy
metals were applied at normal rates they did not affect overall concentrations of trace
elements in the soil. However, when they were applied at a higher rate they raised the
concentration of trace elements in the soil (Cheng, 2007). Other sources of inputs that
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increased the concentration of heavy metals in the soil included herbicides, fungicides,
irrigation water, bio-solid application, dredged materials, fly ash, and municipal composts
(Forstner, 1995).

In the current study, the cluster analysis classified sample sites into seven groups (Figure
6.1), after assigning average weight based on Euclidian distance measurement for all
variables (Everitt et al., 2001). It was found that major sources of heavy metals were from
sample sites 13, 14, 15, 9 and 3; which represented steel rolling factory effluent, municipal
abattoir (animal waste disposal area), swamp land area (waste and animal carcasses
disposal area); and fenced off grazing and crop lands under rotation, respectively. The
results of the cluster analysis showed that the two major factors that contributed to heavy
metal stock in the soils were anthropogenic factors such as the addition of factory effluents
and organic products and natural factors such as soil sediments as shown in Figure 6.1.
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Figure 6.1: A dendrogram showing the hierarchy of cluster analysis
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Sample means and standard deviations of the physical and chemical characteristics of
heavy metal concentrations in the topsoil and subsoil samples in the study area are shown in
Table 6.2. The pH of the topsoil was between 6.38 and 8.08 (average 7.00). The soils were
slightly alkaline since 56% of samples had pH > 7.0. Rodriguez et al. (2008) reported that
the pH was an essential factor that influenced the cation mobility and regulated the solubility
of heavy metals in the soil because most of the metals tend to be available to plants in acidic
pH. Higher soil pH is not favorable for the transfer of heavy metals from the soil to crops
(Cheng, 2007). CEC refers to the preservation and supply of soil fertilizer and buffering
capacity. The mean soil CEC in the study area was 46 ±12.4 mmol·kg−1. The range was
between 45.00 and 58.80 mmol·kg−1, implying that the soil had higher CEC (Haque et al.,
1993) with moderate capacity to retain and maintain soil fertility. Soils in the study area had
low SOM with an average of 12.00 g·kg−1, which showed a declining trend compared to 34.8
g/kg which was reported by Tekalegn et al. (1988).
Table 6.2: Aggregated statistical value for important soil variables
Variables with soil depth

Mean

Std deviation

Minimum

Maximum

Soil carbon % at 0 - 15 cm

1.40

1.03

0.07

3.90

at 15-30 cm

0.99

0.73

0.07

2.48

Cation exchange at 0-15cm

44.95

14.22

14.80

58.80

Meq/100g

46.88

10.58

27.80

58.80

Electrical cond. at 0-15cm

93.62

100.12

19.23

435.00

Mic.siem

at 15-30cm

132.06

135.83

19.24

496.00

pH

at 0-15cm

7.00

0.36

6.47

8.08

at 15-30cm

7.00

0.37

6.38

7.97

Available P (ppm) 0-15cm

31.94

33.54

7.92

137.19

37.17

66.87

3.75

271.88

Ca (ppm) at 0-15cm

21.54

8.37

7.05

36.33

Meq/100g at15-30cm

21.87

8.31

9.48

37.29

at 15-30cm

at 15-30cm
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The SOC content in the study area showed a decline due to the imbalance in soil nutrient
recycling under mixed crop and livestock production systems, because straw and crop
residues were used for animal feed, construction and off-farm sales. In addition, dung was
used as household cooking fuel and also sold for extra income instead of being used as an
organic fertilizer (Haque et al., 1993). Organic matter has been found to influence heavy
metal absorption in soils due to the CEC of organic material (Kabata-Pendias, 2007). Thus,
low SOC content in the study area contributed to low heavy metal availability to plants.
About 94% of the arable land in the study area had P deficiency (available P <10 mg·kg−1),
and 67% of that had severe P deficiency (available P < 5 mg·kg−1) (Tekalgen and Haque,
1987). The trend of the available P showed a decline, since the available P content was <5
mg·kg−1 with an average of 3.2 mg·kg−1 as shown in Table 6.2. To compensate for P
deficiency, large amounts of P fertilizer was the primary means of gaining higher yields in
agriculture in the Ethiopian highlands (Haque et al., 1993). However, excessive and
inappropriate use of P fertilizer would inevitably lead to chemical and physical changes in
soils (Cheng, 2007). In general, due to moderate alkalinity and CEC and low SOC; the soil
did not favour the adsorption of heavy metals (Kabata-Pendias, 2007).

The overall available heavy metal concentrations were below the environmental quality
standards as shown on Table 6.3. This implied that heavy metal load under smallholder
farms were at a safe level at the present stage, but continuous livestock and human
anthropogenic interventions were potential risk factors which may pose future health
hazards. Although it looks safe at present; change in organic carbon content, tillage, land
management and other human associated activities could enhance heavy metal loads in the
soils.
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Table 6.3: Comparison between heavy metal load in the study area and other locations
Bulbula
(Addis Ababa)
Soil (total)

Kera
(Addis Ababa)
Soil (total)

Current study
area
Soil (total)

Guidelines for metals
above standard level
Soil (total)

(mg.kg -1)

(mg.kg -1)

(mg.kg-1)

(mg.kg-1)

Cu

38.96

55

40.5

100a

Fe

163.86

79.7

35.5

50000b

Mn

6587

3598

134.0

2000b

Ni

74.13

115

2.1

50a

Pb

46.47

110

2.6

100a

Zn

2985.5

263

53.5

300a

Element

a b

Values with prefixes are significantly different.
Sources: Fisseha (1998); Antoniadis (1998); Kabata-Pendias (2007)

6.3.2 Heavy metal load and additions from organic sources into the soil
In physical terms, organic matter improves the stability of soil aggregates resulting in better
aeration of the soil and better water retention. It also improves the hydraulic conductivity as a
result of increased number of soil macro-pores (Chaney et al., 1993). Thus, it contributes to
an increase in adsorption. Fulvic acid is an organic substance that has a lower molecular
weight than humic acid, usually not more than 5,000 g mol-1, that is found in organic
compounds in the soil, and is often called dissolved organic carbon (DOC) (Antoniadis,
1998). Organic materials of low molecular weight easily dissolve in aqueous media within the
pH range that is normally found in soils and they can be taken up by plant roots directly
along with the metals that they have bound (Hamon et al., 1995; Alloway, 1997).

In the current study, it was found that the relationship between organic sources of heavy
metals (animal, plant and no-addition) and trace minerals was substantial. Cu, Zn and Ni had
significant differences (P<0.05) due to different organic sources at the depth of 0 to 15 cm.
However, there were no significant differences for Cu at a depth of 0 to 15 cm depth,
between animal sources (0.50 ppm ± 0.43) and where there was no addition (0.51 ppm
±0.22); but there were a significant differences between plant (0.18 ppm ± 0.09) and the
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other two organic sources of heavy metals. This accumulation indicated that the contribution
of plant debris to Cu load in the soil was low. In the case of Zn, there were significant
differences between animal sources (0.86 ppm ± 0.58) and the other two organic sources
(no organic addition -ve0.44 ppm ± 0.15 and plant sources -ve0.42 ppm ± 0.17). This
demonstrated that livestock was an important contributor of Zn load at 0 to 15 cm soil depth.
Ni was higher for plant sources than other organic sources as shown in Table 6.4.

There was no significant difference (P<0.05) for Pb, Mn and Fe at 0 to 15 cm soil depth from
organic sources. However, there was a significant difference for Mn and Fe at P< 0.10. In
the case of Mn there was a significant difference between plant sources (0.53 ppm ± 0.35)
and animal sources (1.78 ppm ± 2.71) as well as between plant sources and where there
was no addition (1.76 ppm ± 0.43). There were significant differences (P< 0.10) for Fe
content between animal sources and where there was no organic addition; as well as
between animal sources and plant sources. This illustrated that Fe from animal sources was
an important contributor to metal loads at a depth of 0 to 15 cm (Table 6.4).

The heavy metal concentration was significantly influenced by organic sources at a depth of
15 to 30 cm, particularly for Fe and Zn. The mean Fe concentration at 15 to 30 cm depth
from animal sources was 8.88 ppm ± 8.95 compared to 1.54 ppm ± 2.32 from plant sources,
while soils without addition from any source had 2.41 ppm ± 1.76 (Table 6.4).

At the depth of 15 to 30 cm, the concentration of Zn was higher for animal sources (0.86
ppm ± 0.58) medium for no organic addition (0.44 ppm ± 0.15) and lower for plant sources
(0.42 ppm ± 0.17). There was a significant difference for Zn between animal sources and the
other two organic sources, but there was no significant difference between those without
organic addition and plant sources. Other trace minerals Cu, Mn, Ni and Pb did not show
any significant difference for different organic sources at 15 to 30 cm depth (Table 6.4).
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Table 6.4: Heavy metal concentration from organic sources
Organic sources
Element
Cu

Fe

Mn

Zn

Ni

Pb

Soil depth
(cm)
0-15

Animal Source
(N = 5) (ppm)
0.50 ±0.43

No fertilizer
(N = 6) (ppm)
0.51 ±0.22

Plant source
(N = 4) (ppm)
0.18 ±0.09

15-30

0.50 ±0.51

0.46 ±0.28

0.15 ±0.09

0-15

4.36 ±4.32

2.13 ±1.37

1.76 ±2.16

15-30

8.88 ±8.95

2.41 ±1.76

1.54 ±2.32

0-15

1.78 ±2.71

1.76 ±0.43

0.53 ±0.35

15-30

1.60 ±2.01

1.46 ±0.42

0.48 ±0.36

0.15

0.86 ±0.58

0.44 ±0.15

0.42 ±0.17

15-30

0.75 ±0.51

0.04 ±0.01

0.38 ±0.19

0-15

0.01 ±0.01

0.04 ±0.01

0.01 ±0.01

15-30

0.02 ±0.01

0.03 ±0.01

0.01 ±0.00

0-15

0.03 ±0.01

0.02 ±0.01

0.01 ±0.01

15-30

0.02 ±0.01

0.03 ±0.01

0.02 ±0.01

The results showed that the contribution of livestock to heavy metal concentration was
higher for Zn and Fe at both 0 to 15 cm and 15 to 30 cm soil depths as shown on Table 6.4
and Figure 6.2. In the present study, animal sources enhanced heavy metal mobility down
the soil profiles (except for Pb) compared with the other two organic sources, mainly due to
relatively high organic carbon content from animal sources. The carbon content of animal
sources was 1.96% ± 1.32 at 0 to 15 cm and 1.57% ± 0.73 at 15 to 30 cm depth, while the
carbon content of plant sources was 1.20% ± 0.92 at 0 to 15cm and 0.88% ± 0.42 at 15 to 30
cm depth; and that without organic addition was 1.06% ± 0.76 at 0 to 15 cm and 0.57% ±
0.64 at 15 to 30 cm depth. These findings are in agreement with the findings of Antoniadis
(1998), who reported that the addition of high carbon sewage sludge enhanced trace
element mobility down the soil profiles in Greece and the United Kingdom.
The level of mobility of heavy metals was higher for Fe and Zn compared with other heavy
metals. Figure 6.2 shows that heavy metal concentration was higher for soils with organic
matter from animal sources than others at 0 to 15 cm soil depth. Dissolved organic
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compounds (DOC) were important in facilitating the transport of heavy metals into the soil
profiles (Jardine et al., 1992). Lee et al. (1997) reported that effluents from poultry litter
containing high DOC accelerated Cd and Zn movement in the soil. Although the
concentration of heavy metals was not a serious problem, caution should be taken to avoid
any risks of future soil and ground water contamination, when adding organic compounds
into the soil.

Figure 6.2: The proportion of heavy metals by organic sources at 0-15 cm soil depth
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6.3.3 Heavy metal concentration and land use
The availability of metals in soils depends on their forms and concentrations in the parent
material and their input through commercial fertilizer, manure, municipal waste, factory
effluents and aerial deposition (Alloway, 1994). In the absence of pollutants, natural levels of
metals in soils are influenced by the types of elements in rocks, weathering rate, organic
matter content, soil texture and soil depth (Alloway, 1994). They are also influenced by
leaching processes, adsorption and desorption from the solid phase. Thus, land use or
ecological history of an area has an impact on the heavy metal concentration of that specific
locality (Lee et al., 1997; He et al., 2005).

In the current study, the relationship between heavy metal concentrations and land uses
gave different results for various categories as shown in Table 6.5 and Figures 6.4 and 6.5.
At a depth of 0 to 15 cm there were no significant differences for Pb among the land uses.
However, there was a significant difference (P<0.05) for other elements like Cu, Fe, Mn, Zn
and Ni at the same depth. There were significant differences for Cu between the land use
group and sites that had chemical discharges. The concentration of Cu from factory
effluents, crop land, grazing land and the undisturbed site was 0.83 ppm ± 0.27, 0.28 ppm ±
0.14, 0.18 ppm ± 0.14 and 0.34 ppm ± 0.12, respectively. This demonstrated that Cu could
be one of the chemical effluents from factories that may pose a threat regarding future
pollution.

At a depth of 0 to 15 cm grazing land had a significant level of Fe compared with other land
uses. The concentration of Fe was 7.70 ppm ± 3.95; 0.82 ppm ± 0.81; 3.80 ppm ± 2.26 and
2.60 ppm ±1.86; in grazing land, crop land, sites with chemical discharges and undisturbed
sites, respectively. The relatively high Fe concentration in grazing land could be due to
livestock manure and urine deposition during grazing.

Crop land had the lowest iron

concentration at 0 to 15 cm depth, which illustrated that crops with high Fe content like Teff
might have drained a significant amount of Fe from the soil (Wondimu and Tekabe, 2001).
Higher concentrations of Zn (1.26 ppm ± 0. 90) and Mn (3.73 ppm ± 3. 99) were found at 0 to
15 cm soil depth in undisturbed sites. This demonstrated that Zn and Mn concentrations
were reduced in other land uses because of anthropogenic factors as shown in Table 6.5
and Figure 6.3.
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There were significant differences in Ni concentration (0.03 ppm ± 0.02) at 0 to 15 cm
between sites with factory effluents and other ecological groups. The high Ni in sites with
chemical discharges was an indication of a threat to farms situated near factories as shown
in Table 6.4 and Figure 6.3. In general, chemical discharges from factories could be a future
threat in the case of Ni and Cu at 0 to 15 cm depth, but the hazard is still far below the
environmental standards.

Figure 6.3: Micro-nutrient variations with land use at 0 to 15 cm depth

There were significant differences (P<0.05) in Cu, Fe, Mn and Zn concentration at 15 to 30
cm soil depth due to land use types. However, there were no significant differences in Ni and
Pb concentration due to land use type at 15 - 30 cm soil depth. The concentration of Cu was
significantly different between the sites with chemical discharges (0.79 ppm ± 0.36), crop
land (0.17 ppm ± 0.11), grazing land (0.18 ppm ± 0.04); and the undisturbed sites (0.58 ppm
± 042).
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At 15 to 30 cm depth, the concentration of Fe was significantly different in crop land (0.77
ppm ± 0.92), grazing land (6.30 ppm ± 1. 85), undisturbed site (10.30 ppm ± 13.22) and the
site with chemical discharges (6.63 ppm ± 6.76). The highest Fe concentration was found in
the undisturbed site and the lowest was in crop land. The data revealed that crops like Teff
had absorbed a significant amount of Fe from the soil. The predominant crop in the study
area was Teff, which covered about 40% of the total arable land (Kahsay, 2004).

The highest Mn concentration was found in undisturbed sites (2.92 ppm ± 3.01) and the
lowest was found in grazing land (0.08 ppm ± 0.63). The sites with chemical discharges had
intermediate Mn concentration (1.54 ppm ± 0.41), which illustrated that Mn concentration
was not a threat to smallholder farms. Zn concentration was significantly different between
the undisturbed site and the other three land use groups. There was a higher concentration
of Zn at 15 to 30 cm depth for the undisturbed site (0.98 ppm ± 0.94) compared with the
other three land use groups as shown in Table 6.5.
Table 6.5: Heavy metal concentration by land use and soil depth
Land use/ Ecological history
Element
(ppm)
Cu

Fe

Mn

Zn

Ni

Pb

Soil depth
(cm)

Crop land
(N = 7)

Grazing land
(N = 2)

Undisturbed
sites (N = 2)

0-15

Chemicals
dumped on
sites (N = 4)
0.83 ±0.27

0.28 ±0.14

0.18 ±0.14

0.34 ±0.12

15-30

0.79 ±0.36

0.17 ±0.11

0.18 ±0.04

0.58 ±0.42

0-15

3.8 ±2.26

0.82 ±0.81

7.70 ±3.95

2.60 ±1.86

15-30

6.63 ±6.76

0.77 ±0.92

6.30 ±1.85

10.3 ±13.22

0-15

1.70 ±0.55

0.97 ±0.72

0.26 ±0.26

3.73 ±3.99

15-30

1.54 ±0.41

0.73 ±0.52

0.08 ±0.63

2.92 ±3.01

0.15

0.49 ±0.16

0.43 ±0.18

0.59 ±0.15

1.26 ±0.90

15-30

0.49 ±0.20

0.35 ±0.13

0.57 ±0.13

0.98 ±0.94

0-15

0.03 ±0.02

0.02 ±0.01

0.01 ±0.00

0.01 ±0.00

15-30

0.03 ±0.01

0.02 ±0.01

0.00 ±0.00

0.03 ±0.02

0.15

0.02 ±0.01

0.02 ±0.01

0.03 ±0.01

0.03 ±0.02

15-30

0.02 ±0.01

0.02 ±0.01

0.03 ±0.01

0.03 ±0.01
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Overall, crop land had the lowest trace mineral content at both 0 to 15 cm and 15 to 30 cm
soil depths. Some crops such as Teff removed more nutrients from the soil than others
(Wondimu and Tekabe, 2001). This was in agreement with findings by Ketema (1997) who
reported that Teff is a high micro-nutrient miner of Ca, Co, Zn, Al, Se and others. Tareke
(2010) reported that with space planting of 20 x 20 cm and with the addition of NPK plus Zn,
Cu, Mn and other micro-nutrients, Teff yield increased from 1.5 t/ha to 8.7 t/ha. This was an
increase of 6 folds, in contrast with the traditional average yield of 1.2 t/ha. It was concluded
that Teff varieties responded well to micro-nutrients such as Zn, Cu, Mg, and S (Tareke,
2010).

Figure 6.4: Micro-nutrient variations with land use at 15 to 30 cm depth
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6.3.4

Heavy metal concentration and soil tillage type

Although the effects of tillage on nutrient concentration are limited but significant for heavy
metals, Lavado et al. (2001) found that soybean was more sensitive to soil tillage than
cereals. During et al. (2003) suggested that long-term no-tillage resulted in a significant
increase in Cd and Zn, which were extracted by Aqua regia in a soil profile at 0 to 25 cm
depth, especially at the 0 to 3 cm layer (Table 6.6).

In the present study, there was no significant difference in the concentration of Cu, Mn, Ni
and Pb due to tillage type at both soil depths, while Fe and Zn was significantly influenced
by tillage type at both depths. Uncultivated site contained 5.46 ppm ± 3.41 of Fe at 0 to 15
cm and 9.92 ppm ± 7.87 at 15to 30 cm; Zn was 1.25 ppm ± 0.90 at 0 to 15 cm and 0.98 ppm
± 0.94 at 15 to 30 cm depth. Deep cultivation had the lowest mineral concentration as shown
in Table 6 6.
Table 6.6: Tillage type and concentration of heavy metals in small-scale farms
Soil tillage type
Element
(ppm)
Cu

Fe

Mn

Zn

Ni

Pb

Soil depth Deep tillage
(cm)
(N = 2)
0-15

0.45 ±0.03

Minimum
tillage
(N = 1)
0.27

15-30

0.21 ±0.01

0-15

Shallow tillage
(N = 7)

Uncultivated
(N = 5)

0.40 ±0.28

0.46 ±0.45

0.30

0.34 ±0.34

0.54 ±0.47

0.29 ±0.10

1.68

1.72 ±1.51

5.46 ±3.41

15-30

0.30 ±0.09

2.23

1.80 ±1.95

9.92 ±7.87

0-15

1.71 ±0.55

0.97

0.26 ±0.26

3.73 ±3.99

15-30

1.54 ±0.41

0.93

0.08 ±0.06

2.92 ±3.01

0.15

0.49 ±0.16

0.43

0.59 ±0.15

1.25 ±0.90

15-30

0.49 ±0.20

0.35

0.57 ±0.13

0.98 ±0.94

0-15

0.03 ±0.02

0.02

0.00

0.02 ±0.00

15-30

0.04 ±0.01

0.02

0.00

0.03 ±0.02

0.15

0.02 ±0.01

0.02

0.03 ±0.01

0.03 ±0.02

15-30

0.02 ±0.01

0.02

0.03 ±0.01

0.04 ±0.01
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Figure 6.5 showed that most heavy metal concentrations were in the order of uncultivated >
shallow cultivated > minimum cultivated > deep cultivated. A similar conclusion was reached
by During et al. (2003) who reported that uncultivated soils were richer in heavy metals than
conventionally tilled soils and they recommended that uncultivated soils should not be
ameliorated with organic waste in the long term. Soares dos et al. (2003) reported that in an
experiment conducted in Brazil, minimum tillage had a higher accumulation of heavy metals
in soils than conventional tillage.

The current study also confirmed that the depth of

cultivation had an influence on the micro-nutrient content of soils. When adding organic
matter to uncultivated soils, care has to be taken not to upset the balance of heavy metal
load which may compromise their availability to plants.

Figure 6.5: Micro-nutrient variations with soil tillage at 0 to 15 cm depth
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6.3.5

Soil texture and heavy metal movement down the soil profile

The movement of heavy metals down the soil profile is of great importance, because it
involves the risk of groundwater contamination and the deterioration of drinking water quality
(Dowdy and Volk, 1983). Movement is often evident in high applications of heavy metals,
usually in sewage sludge, in soils with low organic matter and clay content, in acidic
conditions and when there is high rainfall or irrigation water has been applied (Dowdy and
Volk, 1983; Christen et al., 1996). Heavy metal concentration is influenced by soil texture,
organic matter content and the accumulation of heavy metals in the soil (Haynes, 2005). The
movement of heavy metals occurs through soil macro pores or cracks which is often referred
to as preferential flow (Dowdy and Volk, 1983).

The literature provides cases of massive heavy metal movement up to 3 m depth (Lund et
al., 1976). There was, however, a disagreement about whether heavy metals move
significantly under normal conditions or not (Zarcinas et al., 2004). El-Hassanin et al. (1993)
found that Cd, Zn and Pb only moved in the top layer and similarly, Smith (2008) reported
slow heavy metal movement to the lower horizon. Chang et al. (1982) reported that four
years after the termination of sewage sludge application, heavy metals were deposited only
in the 0 to 15 cm top layer, while Harmsen (1977) found that Cd and Pb did not accumulate
beyond 40 cm of the surface in a heavily contaminated Zn smelter area. Dowdy and Volk
(1983) likewise, found that heavy metals did not move significantly below the incorporation
zone or plough layer.

In the current study, the paired comparisons for the micro-nutrients at both soil depths
showed no significant differences (P< 0.05) for all micro-nutrients at both depths except for
Zn and Fe. It showed that the mobility of all heavy metals was uniform across all the soil
textures except Fe and Zn as shown in Table 6.7. The movement of Fe was higher
compared to other minerals. However, sandy loam had the highest accumulation of micronutrients at both depths compared with other soil textures. The high accumulation in sandy
loam was due to the nature of the soil aggregates which allowed more concentration and
mobility of nutrients as shown in Table 6.7; and Figures 6.6 and 6.7.
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Table 6.7: Heavy metal concentration by soil texture in the study area
Soil texture
Element
(ppm)

Soil depth Clay loam
(cm)
(N = 5)

Loam
(N = 4)

Sandy loam
(N = 3)

Silt loam
(N = 3)

Cu

0-15

0.46 ±0.28

0.31 ±0.14

0.33 ±0.26

0.74 ±0.49

15-30

0.31 ±0.32

0.18 ±0.08

0.43 ±0.39

0.75 ±0.46

0-15

1.12 ±1.56

1.05 ±0.86

4.88 ±3.59

3.25 ±2.96

15-30

1.91 ±2.17

1.84 ±2.25

9.19 ±9.74

6.83 ±8.41

0-15

1.27 ±0.96

1.14 ±0.97

1.98 ±2.71

1.14 ±0.22

15-30

1.35 ±0.67

0.78 ±0.56

1.81 ±2.80

1.12 ±0.31

0.15

0.26 ±0.05

0.41 ±0.11

0.89 ±0.56

0.54 ±0.10

15-30

0.35 ±0.12

0.39 ±0.21

0.88 ±0.67

0.52 ±0.20

0-15

0.09 ±0.02

0.02 ±0.01

0.02 ±0.02

0.02 ±0.02

15-30

0.03 ±0.01

0.01 ±0.01

0.02 ±0.03

0.03 ±0.01

0.15

0.01 ±0.00

0.02 ±0.01

0.03 ±0.01

0.02 ±0.01

15-30

0.02 ±0.01

0.03 ±0.01

0.03 ±0.01

0.03 ±0.01

Fe

Mn

Zn

Ni

Pb

The movement of heavy metals in the study area was in agreement with the results reported
by Rodriguez et al. (2008) at a site where raw sewage had been applied for many decades.
They found a uniform distribution of Cd, Zn and Ni throughout the soil profile, which was
attributed to the movement of the metals down the soil profile. Although Pb is a relatively
immobile element very strongly bound to the solid phase, but when applied in high quantities
of up to 3.2 t/ha it was found that Pb moved to a depth of 75 cm (Williams et al., 1980).
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..
Figure 6.6: Heavy metal concentration by soil texture at 0 to 15 cm depth
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Figure 6.7: Heavy metal concentration by soil texture at 15 to 30 cm depth

6.4

Conclusions

Heavy metals occur naturally in the earth's crust but their anthropogenic release into the
environment causes contamination problems related to them. In the present study, the heavy
metal load in the soil was below the hazard level. Although their impact was negligible, this
study revealed that contributors of heavy metals could be categorized as factory effluents
and organic sources from animal products. The role of natural resources such as soil
sediments, rocks and soil contents were insignificant. Anthropogenic factors such as tillage
type also affected trace mineral concentration to a lesser extent, which increased with
increasing ploughing depth.
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Land use type had an effect on the concentration of heavy metals, particularly Fe which was
lower in cultivated soils than in uncultivated soils. This showed that crops like Teff with
higher Fe, Cu, Zn, Mn content in their grains extracted these minerals from the soil.
Therefore, study on essential trace minerals in cereals growing the in highlands of Ethiopia
is important for their supplementation to increase crop yield. Soil texture also had an impact
on nutrient mobility in the soil profile. Sandy loam had a significant nutrient migration to the
lower profile due to the porosity of the texture. Factory owners should take into consideration
the characteristics of dump sites such as soil texture, organic matter content, soil pH, acidity,
waste composition and the eventual accumulation of heavy metals.

Organic sources of heavy metals were found to be very useful in enhancing macro and
micro nutrients availability to plants. In the present study, organic carbon in the soil was very
low that it could have slowed the availability of trace minerals to plants. It was found that
trace minerals were below the critical limit, thus addition of organic matter in the soil is vital
for soil fertility improvement. Nutrient recycling through the application of manure, allowing
crop residues to decay in fields, fallowing and rotational cropping should be practiced to
rehabilitate arable lands. Minimum and zero tillage should also be recommended to build up
soil nutrients.
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CHAPTER 7:
LIVESTOCK AND WATER INTERACTIONS IN MIXED CROP AND LIVESTOCK
PRODUCTION SYSTEMS

7.1

Introduction

The use of water for drinking and servicing animals is a basic need in livestock production
(FAO, 2006). Like humans, livestock also need clean water for drinking to promote the
required water intake for livestock productivity and for the control of water borne diseases
(Luke, 1987). In the past, water quality concepts were applied mainly to crop production and
human consumption (Peden et al., 2006), while the idea of water quantity and quality for
livestock productivity was usually ignored. The demand for milk and meat is likely to double
in the next 20 years, if it grows by 2.5 to 4% per year (Delgado et al., 1999), hence, water
quality needs to be considered in the future for better livestock productivity.

Good water quality improves livestock productivity through enhanced metabolic processes in
a healthy environment. Therefore, livestock not only requires clean water for drinking but for
other related services such as cleaning of animals and farm facilities (barn, milk and meat
equipment, abattoirs, milk processing plants, chicken dressing plants, etc.). However, water
quality can also be affected by livestock, through the degradation and contamination of water
resources when animals are poorly managed (Haile Sellassie et al., 2006; Peden et al.,
2007). Livestock manure and urine pollute lakes, rivers and swamps, through the
accumulation of NO 3 and other compounds, which degrade the quality of drinking water
(MoWR, 2001). Factory effluents, chemical fertilizers, herbicides and pesticides in runoffs
flow down streams, where they are deposited in rivers, swamps and lakes that lack proper
soil conservation measures in the highlands (Sisay, 2007).

Livestock trampling and deforestation along water sheds and around lakes, rivers and
swamps also contribute to the accumulation of silt and sediments in water bodies (Kahsay,
2004; Haile Sellassie et al., 2006; Haile Sellassie et al., 2007). Aquatic life relies on the
breakdown of organic material for primary and secondary sources of food. However, there is
a limit to the amount of organic material that is acceptable in the aquatic environment
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(Birenesh, 2007). Excess nutrients especially P and N in organic matter can trigger the
growth of algae and weeds in water bodies, which could affect other aquatic organisms
(Mateos, 2003; Solomon, 2006; Birenesh, 2007).

The other important water pollutant is factory effluents which flow into water bodies (Tamiru
et al., 2005), particularly in the central Ethiopian highlands where industrialization is on the
rise (Sisay, 2007). Although Ethiopia is still at a low industrial development stage, about 80%
of factories discharge their effluents in nearby water bodies without any form of prior
treatment (Tamiru et al., 2005; Solomon, 2006).

In terms of both quantity and quality,

industries cause severe pollution in urban streams and lakes (MoWR, 2001).

Moreover, 35% of the people who live in the city and towns have no access to sewage
systems and clean toilet facilities. It is then obvious that surface water would be
contaminated with human waste (MoWR, 2002). And since a very large population has no
other sources of water for domestic, agricultural or livestock use, it is not surprising to see
both acute and chronic water borne disease epidemics in rural and urban areas (MOWR,
2002).

Adaa district which was the study area is located about 45 km east of Addis Ababa in the
central highlands. The main agricultural production system in the district is mixed crop and
livestock farming (Kahsay, 2004), which involves complementary interactions between crops
and livestock, through the use of animal traction for crop production, manure for fertilization
and crop residues for livestock feed (Powell et al., 1993). The district is endowed with 6
crater lakes and 7 rivers (IPMS, 2004). Since the soils are predominantly vertisols, many
seasonal swamp lands fill up with standing water for 6 to 8 months during the rainy season
(Kahsay, 2004). All these water sources are used by people and livestock for drinking,
recreation, waste disposal, rituals and spiritual celebrations as well as for irrigating
vegetables (Sisay, 2007). The management of these water bodies is essential for the wellbeing and sustainability of the local ecosystems.

Water, like soil and air is one the environmental pathways that contribute to global pollution.
In recent years, water utilization has increased and the amount of waste entering water
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bodies has also escalated due to many newly built factories, services and farms in the study
district (Tesfaye, 2007). However, little or no treatment is done to municipal, farm and
industrial wastes that enter lakes, rivers and swamps that are used as the main sources of
drinking water for people and livestock (Tamiru et al., 2005). During local rituals and liquor
for celebrations, perfumes, animal proteins, and fats are thrown into lakes and rivers as
sacrifices, which build up organic and chemical substances in the water bodies (Wakena,
2006). Washing of clothes, vehicles, horses and individuals on the edges of water bodies
build up oil, dirt and detergents in the water bodies.

In contrast to the large body of knowledge related to crop-water interactions, research on
livestock-water interactions remains in its infancy (Peden et al., 2006). Therefore, this study
was initiated to contribute to the body of knowledge by evaluating the role of livestock sector
in water resource depletion and recharge under mixed crop and livestock production
systems. This study also tried to determine water quality standards that meet livestock
requirements. Moreover, the study provided an overview on the perception of the community
about the sources of water pollution, adaptation and mitigation measures. Household
interviews were used to document this information in addition to laboratory chemical
analyses. This study is among the few that tried to examine the livestock and water
interactions under smallholder mixed crop and livestock production systems in Ethiopia. It
was also designed to highlight more research topics which will help to tailor specific policy
and research options on livestock and water interactions.
7.2

The objectives

The objectives were:
•

To identify the sources of water pollution.

•

To assess the suitability of water bodies in the study area for livestock water uses.

•

To assess the role of livestock in water depletion and recharge; and to suggest
alternative means of reducing water pollution.
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7.3

Materials and methods

7.3.1

The study area

The study area was located about 45 km east of Addis Ababa, at an elevation of 1600 to
>2000 m above sea level. It is characterized as a semi-arid agro-climate and the main rain
season occurs between June and September. In addition, the short rains occurred from
March to April. The maximum mean annual rainfall is 839 mm. The minimum and maximum
temperature recorded for the past 56 years (1953 to 2009) ranged from 8.0oC to 28oC,
respectively. The mean annual temperature during the trial period was 18.5oC.

All the lakes, rivers and swamps were being used as discharge points for chemicals from
factories, farms, recreation, rituals and irrigation. All water bodies were open to human and
livestock waste. They were surrounded by human settlements and for that reason surface
water was usually contaminated with human waste (Wakena, 2006). This created severe
public health problems. Water borne diseases such as typhoid, infectious hepatitis and infant
diarrhoea were some of the epidemics that are common in the area due to water
contamination (Wakena, 2006). Municipal and abattoir waste entered swamps that were
used for grazing during the dry season. Some of the effluents from steel, detergent and
plastic factories entered farm lands and permanent water ponds that were used for livestock
watering.
7.3.2 Selection of water sampling sites
The selection of water sample sites along the water bodies and fluid waste courses were
based on point and non-point sources for potential exposure to pollution by people and
livestock. Point sources involved the discharge of substances directly from factories, sewage
systems and flower farms since it was easy to identify and monitor. Sample sites under this
category were Zekuala steel rolling factory, Oxford plastic package factory, East African
detergent factory and flower farms located along the Wedecha River. The non-point sources
were characterized as poorly defined entry points scattered over a large area. The major
pollutants for non-point sources were agricultural runoffs with crop, animal and human
waste. The sampling sites were designated from S1 to S14 as shown in Table 7.1.
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Table 7.1: Type of water samples and the required analyses
Lab
No:
S1

Field name

Source

Descriptions

Godino site dam
water

Non-point

S2

Mojo I River up
stream

Point ource

S3

Belbela pond

Point source

S4

Belbela River

Non-point

S5

Wedecha dam

Non-point

S6

Keta Pond

Point source

S7

Zekuala steel
rolling factory
Pond

Point source

S8

Oxford factory
chemical drainage

Point source

S19

East Africa
chemical flow
Hora Lake

Point source

Non-point

S12

Mojo River down
stream
Tap water

S13

Green Lake

Non-point

S14

Cheleleka swamp

Non-point

The water source was a dam constructed on
hillside catchment. Farmers grew vegetables using
chemical fertilizers and pesticides. Water was
used by livestock.
The river was used for vegetable production in
close proximity to flower farms. Drainage from
flower farms ended in the river.
A small pond formed by water from a dam
upstream. The pond was close to flower farms and
was used by livestock. Drainage from flower farms
entered the pond. The pond was also
contaminated by livestock waste.
Spillover water from Belbela pond, which joined the
Mojo River, about 1 km from the flower farms.
Water flowing directly from Wedecha dam which
was near the flower farms.
A pond constructed by the community for livestock
watering. The pond water was contaminated by
Zekuala steel factory effluent and by livestock dung
and urine.
Effluent from Zekuala steel factory was directly
channeled into the pond near a resident area. The
pond was poorly fenced with barbed wire.
Livestock, dogs, birds and children could enter and
leave the site freely.
Plastic factory where effluent flowed into farms and
the road side. The waste water was used by
livestock and for washing cars and horses.
Detergent factory where the effluent drained into
farms.
The lake was used for recreation, livestock
watering, car and horse wash, laundry, and
swimming. Annually, the lake was used for spiritual
celebrations and foreign materials like perfumes,
liquor, blood and animal products were poured into
the lake.
The river was used for livestock watering and for
irrigation.
Borehole water that was used for drinking and
irrigation.
The lake had green-blue algae and was used by
livestock watering during the wet season alone.
Municipal waste, runoff from farms, and abattoir
waste entered the swamp.

S10

S11

Non-point

Non-point
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7.3.3

Water sampling for physico-chemical analysis

Water sampling was done in May 2009. This period was strategically selected to coincide
with the dry season before the on-set of the main wet season. That was the time of critical
water shortage for livestock when they had to trek long distances in search of water and they
were exposed to poor quality water. During the wet season livestock drank water at the
homestead and nearby around grazing areas; or from pools of accumulated water from
runoffs, temporary stagnant water and roadside water pools. Thus, the proposed suitable
time to study the interrelation between water and livestock in terms of use, depletion and
pollution was during the dry season.

The sampling procedure was based on the guidelines set for water sampling by the
International Livestock Center for Africa by Tadesse et al. (1991). Water samples from
factory waste water, lakes and rivers were taken from each site on 20 May 2009 between
08h00 and 11h00. Prior to sampling, 1-litre polyethylene bottles were cleaned by incubating
them with 10% (v/v) nitric acid solution for 48 hours in a hot water bath and then by washing
and rinsing them with distilled and de-ionized water. In addition, the bottles were thoroughly
rinsed with clean water at the sampling sites before sampling.

The samples were collected directly from the outlets of the factories and from different
sampling locations along rivers, lakes, swamps, ponds and ground water which were used
by livestock. Samples were taken once during the study period with 6 subsamples from each
point and then pooled and mixed thoroughly by hand shaking before the analysis. One litre
of pooled water sample from each site was used for all chemical analyses.

Since rivers and out flows from the dam were less than 3 m deep, grab water samples were
taken at livestock watering points. Six grab composite samples from lakes and swamps were
taken at about 500 m apart based on visual observations at the proposed livestock drinking
points. Samples from ponds were taken at livestock entry points. Ground water samples
were collected after the pump had been running for 15 minutes in order to get representative
water samples. Samples were transported to the Debrezeit Research Centre within 2 hrs of
collection. All the procedures of water sampling were done as described by Tadesse et al.
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(1991) in the guideline manuals for soil, plant, water, fertilizer, animal manure and compost
laboratory analysis.
7.3.4

Secondary data

Secondary data from ILRI for 1997 to 2000 trials on runoff, infiltration and manure
application were used to assess the effect of grazing intensity on water depletion, runoff,
infiltration and its role on water recharge. This data was already used for several
publications, but in this case we used this data to evaluate the effect of grazing intensity on
water recharge and depletion and to highlight the role of manure in soil water retention. Dr
Girma Tadesse was then the scientist at ILRI. He was kind enough to provide the raw data
and publications for my use in this study, so that I could examine livestock and water
relationships. The ILRI trial sites fell within the current study area.
7.3.5

Socio-economic survey

To complement chemical analyses with socio-economic status, a socio-economic survey
was done to capture the perceptions of farmers about livestock and water interactions and
water pollution. About 110 farmers were interviewed. They explained about water uses,
sources of pollution as well as prevention measures used by the local community.
7.3.6

Physico-chemical data

A detailed waste water characterization was performed for selected parameters. Total N, P,
K, Ca, Mg, Cl, CO 3 and HCO 3 were determined using Tadesse et al. (1991) water analysis
guidelines. Total dissolved solids (TDS), conductivity and pH of the sampled water were also
determined using the same guidelines.
7.3.7 Statistical analysis and mathematical calculations
SPSS Statistical package version 17.0.1 (2008) was used for univariate analysis, statistical
tests and comparisons. Crop coefficients (Kc) were used with ET 0 to estimate specific crop
evapo-transpiration rates (FAO, 1998). Crop coefficient is a dimensionless number (usually
between 0.1 and 1.2) that is multiplied by the ET 0 o value to arrive at a crop ET value or ETc.
Thus;

ETc

= ET 0 x Kc
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Where;

ETc

= Specific crop evapo-transpiration (mm)

ET 0

= Reference crop evapo-transpiration rate (mm) at a specific location

Kc

= Crop coefficient

The resulting ETc can be used for irrigation scheduling and to programme when irrigation
should occur and/or how much water should be added into the soil.

7.4
7.4.1

Results and discussion
National water resources potential

The annual renewable fresh water resources in Ethiopia amount to some 122 billion m3 per
year in the twelve river basins, but only 3% remains in the country, while 97% is lost in
runoffs to the lowlands of neighboring countries (Awulachew et al., 2005). There is also an
estimated potential of 2.6 billion m3 of ground water (MoWR, 2002). In 1990, the amount of
water per capita per year was estimated at 2 620 m3 for a population of 47 million people. In
2003 based on a population of 68 million people, the per capita share of water was 1794
m3/year. However, by 2005 this potential had been reduced to 1 707 m3 due to population
growth to about 73 million people. According to FAO (2006), the per capita water status of
Ethiopia changed from a water sufficient country in the 1990s to a water scarcity country in
2005.

Awulachew et al. (2005) projected that Ethiopia will become a physically water scarce
country by 2020 when per capital water share will have been reduced to 1000 m3/ per capita/
year as shown on Figure 7.1. This will put the country on the threshold of being classified
as water scarce country with less than 1000 m3/ per capita/year (Rosegrant et al., 2002).
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Per capital water Available

Year
Figure 7.1: Projected water availability per capita per year from 1950 to 2050
Source: Wulachew et al. (2005)

At this stage of water development, where the country withdraws less than 5% of its fresh
water resources form rivers, lakes and ground water, labeling the country as a water stress
zone may not be so justifiable (MoWR, 2001). The country has a good amount of water
resources, but the current clean water supply is only about 34% (MoFED, 2011). The
distribution and quality of available potable water is uneven over the country where the
lowlands and drought-prone areas have much less water than the highlands and plateau
areas of the country.

On the other hand, the decline in rainfall amounts from June to September in the past three
decades was estimated to be about 14% less rain than the normal (MoWR, 2001). This has
been witnessed by the decline in rainfall amount in the north central Ethiopian Highlands
from time to time. MoWR (2001) estimated a decline of 8% and 18% in annual precipitation
between 1945 and 1964, respectively, and an increase in runoff within the same range. The
decline in precipitation showed that the future potential for more rain water harvest is at a
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risk. Increased runoff contributed to soil losses and a decline in infiltration rate which would
have negative consequences on crop water requirements and yield (Haile Sellassie et al.,
2006; Peden et al., 2007). It was estimated that about 1900 million tons of soil is eroded
annually from the highlands (MoWR, 2001). This is equivalent to an average of 35 tons of
soil per year that is lost from every hectare of land in the highlands.

The major contributing factors to the decline in water resources are combined pressure of
human and animal population on natural resources that led to excessive deforestation, loss
of biological diversity, overgrazing, soil degradation and various forms of pollution and
contamination (Tesfaye, 2007). The global climate change also contributed to the decline in
water resources due to global warming and a decrease in annual precipitation (IPCC, 2007).
Economic growth and urbanization increased the demand for milk and meat which also
fueled the demand for additional water for livestock (Delgado, 1999). The demand for milk
and meat is expected to double in the next 20 years at a rate of between 2.5 to 4% per
annum (IPCC, 2007). This issue has raised concern on water management to meet human
and livestock requirement and taking into account the future population growth and
economic development.
7.4.2

Livestock water intake

Water is the most common molecule in a living body, which forms 60 to 70% of the body
weight. Deprivation of water can quickly result in the loss of appetite and weight; and it
becomes critical when an animal loses between 15 and 30% of its body weight (FAO, 2006).
Water is vital for all physiological functions such as homeostasis, digestion, metabolism of
protein, fat and carbohydrates, lubrication of joints, cushioning of nervous system, transmission
of sound and eye sight; and excretion of body waste (NRC, 1981; Luke, 1987; FAO, 2006). The
minimum livestock water requirement is influenced by normal growth, fetal growth, lactation and
the replacement of water that is lost by excretion, sweat and evaporation from the lungs and
skin (NRC, 1981; NRC, 2000; NRC, 2001). In general, livestock water requirement is
influenced by the rate and composition of weight gain, pregnancy, lactation, activity,
productivity, type of diet, feed intake and environmental temperature, humidity, wind, etc.
(NRC, 1981) as shown in Table 7.2.
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Water intake is also influenced by the type of species and breed of livestock, for example
Zebu cattle has a lower intake of water than exotic cattle breeds (Jahnke, 1982). It is
estimated that water intake per kilogram of dry matter intake may be as much as 40% less
for sheep than cattle. This might be partly due to species ability to conserve water and for
physiological differences among species, such as camels and small ruminants. Water intake
also varies between species, breeds and individual animals (FAO, 2006). The sources of
water for livestock are direct water consumption, water in feeds and metabolic water (NRC,
1981; Peden et al., 2006). Water intake in feeds and forages plus that which is consumed ad
libitum as free water is approximately equivalent to the water requirement for livestock.

Watering frequency has a significant impact on the performance of livestock, especially
those in the arid and semi-arid areas where animals are usually watered less frequently
(Jahnke, 1982). A study conducted using local goats in Ethiopia revealed that goats which
were watered once every four days spent more time in the shade on day 2, 3 and 4
compared with those watered every day (Mengistu, 2007). Drinking of water every fourth
day affected both behavioral and thermoregulatory mechanisms in goats, and hence to avoid
water loss they had to use the available water more efficiently (Mengistu, 2007). In addition,
body weight gain was lower in goats that were watered every four days than in those that
had access to drinking water daily. This suggested that shortening of watering intervals
improved the growth potential and productivity of goats.

Mengistu (2007) reported that under extensive grazing conditions during the dry season, the
weight and condition of lactating cows declined more rapidly when they were watered every
3 days than those that were watered daily. However, when water intake was adjusted to a
constant body weight and dry matter intake, the species differences were negligible (NRC,
1981).
Since feeds contain some moisture and the oxidation of certain nutrients in feeds produce
metabolic water, not all the required water must be provided by drinking (ILCA, 1994; Zinash et
al., 2003). The moisture content in feeds is variable from 5% to 90% (Jutzi et al., 1987). Silage,
green chopped and growing forage are usually very high in moisture content, while grains, hay
and dormant pasture are low in moisture.
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Table 7.2: Livestock water intake by species under different ambient temperatures
Species

Physiological condition

Cattle

Pastoral system lactating cows
(2 litres/day)
Large breed dry cows(279 days
pregnancy)
Large breed mid lactation (>30
litres /day)
Lactating does (0.2 litres /day)
Lactating ewes (0.4 litres /day)
Mid lactation (4.5 litres /day)
Adult broilers (100 birds)
Layers (100 birds)
Lactating sows(weight gain
200 g/day)

Goat
Sheep
Camel
Chicken
Swine

Average
Wt. (kg)
200

Water requirements
litres/animal/day
15oC
25oC
35oC
21.8
25
28.7

680

44.1

73.2

102.3

680

102.8

114.8

126.8

27
36
350
175

7.6
8.7
31.5
17.7
13.2
17.2

9.6
12.9
41.8
33.1
25.8
28.3

11.9
20.1
52.2
62
50.5
46.7

Source: FAO (2006)

High energy feeds produce more metabolic water than low energy feeds. Thus, poor quality
rations require more drinking water than high quality feeds. These are obvious complications in
the assessment of water requirements by smallholder farmers. Fasting cattle or those fed low
protein diets may get water from the metabolism of body protein or fat, which is 1% of body
weight or 3.1 kg/cow (ILRI, 2002).

In 2010, the livestock population in Ethiopia was estimated at 53.4 million cattle, 48.3 million
shoats, 8.1 million equines and 1.1 million camels (FAOSTATA, 2012). This was equivalent
to 50.4 million tropical livestock units (TLU). A TLU is equivalent to an animal that has 250
kg live weight on maintenance ration.

Assuming an average water consumption of 25

litres/day/TLU (Jahnke, 1982), the estimated daily water consumption was about 1.25 million
m3 per day. This added up to about 456.6 million m3 per annum. This requirement is
expected to increase due to the increase in livestock population and the envisaged
improvement in productivity in the future. Improvements in the dairy sector, for example, will
require additional water for milk production and sanitation.
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According to Jahnke (1981) the amount of water intake for livestock was close to 12.81
m3/TLU/year and a total of 82.5 m3 per household per annum at an average ambient
temperature of 15oC (Table 7.3). With increased ambient temperature from 15 ºC to 25oC,
the annual water requirement increased to15.2 m3/TLU/year, which was 19% more water for
10oC change in temperature.

At 35oC, the annual water requirement increased by 42%

compared with the water requirement at 15oC (Table 7.3).

At high temperature water

consumption increases by 2.1% for each ºC increase in temperature. Therefore, with global
warming the increase in temperature will increase livestock water requirement as well.

Based on the current study the average family size in the study site was estimated at 6.1
people, and the potential available water per capita per annum in 2009

was 1640 m3

(Awulachew et al., 2005). The available water per household per year was estimated at 10
000 m3 (1640 m3/per capita/year x 6.1 people/household). The number of livestock owned
per household was estimated at 6.44 TLU. At 15oC ambient temperature annual water
requirement for livestock in one household was expected to be 82.5 m3 as shown in Table
7.3 or 0.8% of total water available per household per annum. At the 35ºC ambient
temperature the water demand by livestock increased by 42.5% or shared only 1.2% of total
available water per household per year. This indicated that the amount of livestock water
was insignificant in the water resource depletion or livestock drinking water was not the main
concern.
Table 7.3: Livestock water requirement per household in the study area
TLU
conversion
factor

TLU

Cattle

Average
number of
animals per
household
6.57

0.75

4.92

143.2

164.3

188.6

Sheep

2.01

0.1

0.201

17.5

25.9

40.4

Goats

2.28

0.1

0.228

17.3

21.9

27.1

Chicken

7.57

0

0

1.0

2.0

3.8

Equines

2.16

0.5

1.08

47.1

54.0

62.0

-

-

6.44

226.1

268.1

321.9

Species

Total

TLU conversion factor based on Jahnke (1982)
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Total water requirement
per day (L)
15oC
25oC
35oC

7.4.3 Crop residue and water depletion
Water depletion by livestock includes drinking water and waste management (FAO, 2006),
sedimentation of water bodies by trampling and overgrazing that contributes to surface
runoff (de Hann et al., 1997); and water that is used for feed production (Mekete, 2008).
Some researchers have made attempts to quantify livestock water depletion on a global and
regional level (FAO, 2006). Water depletion at regional and national levels was estimated by
Peden et al. (2006), while Mekete (2008) estimated water depletion at national and
household levels. These estimates had differences, because some of the workers did not
consider water depleted by crop residues in their estimation of water depletion by livestock.

Tibebu (2007) and Mekete (2008) tried to quantify water drained by crop residues during
normal plant growth as water depleted by livestock. More scientific evidence was required to
justify the inclusion of water drawn by crop residues as water depleted by livestock because
the proportion of crop residues that are directly consumed by livestock was not quantified
accurately. In addition, residues lost to non-farm uses, leaching, evaporation and off farm
transit have to be documented precisely (Peden et al., 2007). Moisture retained by crop
residues was calculated based on grain to residue ratio, taking into account the amount of
water consumed by the total crop biomass (Mekete, 2008), without explaining the variation
in moisture based on

soil

type, plant physiology, plant part and water lost to the

environment (FAO, 1998).

Therefore, livestock water depletion through the consumption of crop residues needs further
investigation because it affects the efficiency of water resource use by livestock in mixed
farming (Haile Sellassie et al., 2006; Peden et al., 2006). It is also important to note that,
livestock help to sustain water resources in ecosystems by using the little available water in
crop residues and through metabolic water recharge through the oxidation of feeds (Peden
et al., 2006; ILRI, 2002). The water recharged through the feeding on crop residues reduces
the loss of water through evapo-transpiration, volatilization and trampling.

About 12 million tons of crop residues are produced annually from 6 million hectares of land
cultivated in Ethiopia, with the assumption that the ratio of straw to grain is 2:1 (Kahsay
2004). Out of these crop residues, one-third is left in the field for grazing (FAO, 2006). In
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mixed crop and livestock production systems, livestock is mostly fed on crop residues, which
are by products that did not require additional water to handle (Peden et al., 2006; Tibebu,
2007; Mekete 2008). Since efforts to improve crop water productivity were focused on
grains and fruits that people consume, any residues and by-products that can be used by
animals represent potential feed sources that require no additional water loss through
evapo-transpiration. Thus animal production from crop residues can take advantage of these
feed sources, with the possibility of huge gains in livestock water productivity (Peden et al.,
2006). Livestock water productivity for a group of farmers was positively correlated with the
share of crop residues in animal diets. Therefore, use of crop residues can boost farm
incomes without the use of additional water.

The amount of water required to compensate the evapo-transpiration loss from the cropped
fields is defined as crop water requirement (FAO, 1998). Although the values for crop evapotranspiration and crop water requirement are related, crop water requirement refers to the
amount of water that needs to be supplied, while crop evapo-transpiration refers to the
amount of water that is lost through evapo-transpiration. The average ET 0 for the study area
was 3.55 mm/day (Wakena, 2006).

Average Kc for Teff was 0.6125, and for the 105

growing days the total ETc was 253.7 mm (Tibebeu, 2007; Mekete, 2008). In similar reports
the average Kc for wheat was 0.772 with a total ETc for 130 growing days

of 324.4 mm.

Average Kc for pulses was 0.73 for 110 days and the total ETc was 300.5 mm (Wakena,
2006; Tibebu, 2007; Mekete, 2008). Average Kc for pasture was 0.87 for 365 growing days
and the total Etc was estimated at 1147.67 mm (Tibebeu, 2007; Mekete, 2008), with a deficit
of 614.6 mm, because the effective rain per annum in the study area was 662.6 mm
(Wakena, 2006). These results showed that, except for grasses the annual rainfall was
enough to grow cereal grains that could be used as crop residues for livestock feed.

If livestock production were to be based solely on the use of crop residues and other byproducts, water for animal feed production would be reduced (Peden et al., 2006). However,
this extreme may not be economically and environmentally desirable if sufficient residues
and manure were not returned to the soil to maintain soil productivity (Stangel, 1993). The
limiting factors to the use of crop residues as livestock feed are poor voluntary feed intake
and low digestibility of residues.

In order to improve the nutritional availability of crop
126

residues, various methods of physical and chemical treatments have been developed (FAO,
2006). Both types of methods have been found to require heavy investments on machinery
and regular supply of replacement parts and chemicals which would not be economical for
smallholder farmers. Growing of fodder legumes and the use of fodders as supplements to
crop residues is the most practical and cost-effective method of improving the nutritional
value of crop residues (Alemayehu, 1985). Better uses of crop residues have to be stressed
and research efforts must be directed to developing methods of increasing the utilization of
these resources (FAO, 2006)
7.4.4

Grazing intensity and water depletion

Mwendera and Mohamed Saleem (1997) reported that with increasing slope and grazing
intensity, infiltration rate declines and soil losses increase significantly. They indicated that
on ploughed and heavily over grazed land the infiltration rate was 2.4 mm/hr and soil loss
was 1.6 t/ha at 0 to 4% slope; compared to the infiltration rate of 6.1 mm/hr and soil loss of
1.8 t/ha at 4 to 8% slope. Comparatively, for ungrazed or fallow land (control) water
infiltration rate was 17.6 mm/hr and soil loss of 0.2 t/ha at 0 to 4% slope; and 13.4 mm/hr for
4 to 8% slope with soil loss of 0.5 t/ha. The results of the two plots indicated that overgrazing
reduced water infiltration by 8 times and soil losses by 3 times compared to ungrazed land
mainly due to better vegetation cover on ungrazed land.

A millimetre of rain falling on one square metre produces one litre of water. An annual rainfall
of 880 mm in the study area produced 880 L/m2 (880 x 10,000 = 8 800 000 L or 8 800 m3/ha)
which is about 13 200 m3 per household. The runoff rate or the water loss from different plots
varies based on whether the land is grazed or ungrazed, ploughed or not and the slope
(Mwendera and Mohamed Saleem, 1997). Table 7.4 shows secondary data obtained from
Dr Girma Tadesse. The runoff is higher for grazed plots than ungrazed plots, for example in
1999 a ploughed grazing plot (PLG) had 1.93 mm runoff compared to 0.97 mm runoff from
ungrazed plot (NOG). Results showed a 100% difference in runoff between the two plots.

Wakena (2006) reported a runoff coefficient of 0.32 for the study area or 285.4 mm runoff.
This figure could double if the intensity of grazing continued to a level of 570.88 mm runoff or
a runoff coefficient of 64%. The estimated runoff was quantified as 10 m3/ha or 15
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m3/household. Assuming 1 ha of land has a surface area of 10 000 m2 and 1 mm is equal to
0.001 m, which is a loss of 1 mm of water this equals to a loss of 10 m3 of water per hectare.
In other words, 1 mm/day-is equivalent to 10 m3/ha/day. Therefore, overgrazing, ploughing
and grazing have to be given due consideration in order to reduce runoff to prevent the loss
of soil nutrients and decreased soil productivity as a result of poor moisture retention.
Table 7.4: Runoff and infiltration rate due to different grazing intensity and slopes

Runoff (mm)

1999
Infiltration
rate (mm)

Site 1

Site 2

Site 1

Site 2

Site 1

Site 2

Site 1

Site 2

Site 1

Site 2

MDG

2.94

2.58

26.9

73.7

17.11

18.34

14.38

3.03

5.43

5.20

NOG

0.97

0.72

48.5

63.9

20.00

23.24

2.29

4.70

6.79

6.50

LTG

1.81

1.82

40.2

65.6

18.29

19.23

9.79

3.64

4.24

4.45

HVG

1.70

1.93

24.8

28.8

17.03

19.68

5.28

2.75

3.56

7.08

PLG

1.93

1.83

25.4

25.4

17.56

17.71

4.98

4.94

6.36

7.10

Treatment

Key:

7.4.5

Rainfall (mm)

2000
Runoff (mm) Infiltration
rate (mm)

MDG = Medium Grazing; NOG = No Grazing; LTG = Light Grazing; HVG = Heavy Grazing
PLG = Ploughed and Grazing. Source: Secondary data from Tadesse (2000)

Livestock water depletion to meet animal protein demand

The major influences on water intake in cattle are dry matter intake, environmental
temperature, stage and type of production (NRC, 2000). Global temperature increases by
0.2°C per decade (SRES, 2000). Accordingly, by 2020 the global average maximum
temperature is expected to rise by 0.4oC compared to the year 2000 and the precipitation is
expected to drop by 10 to 20% in most areas (IPCC, 2007). Assuming similar dry matter
intake and dietary salt consumption in 2020, beef cattle water requirement per kg of meat
produced would increase by 1% (NRC, 2000). From this figures, it is clear that the increase
in total water demand would be very high when multiplied by the total meat demand at that
time.
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The world meat demand in 2020 is projected to be 334 million metric tons/annum, if the
consumption is estimated at about 45 kg/capita/year (Peden et al., 2007) because the world
consumption of animal products is assumed to be growing. Consumption and production are
rising at about 2.5% to 4% a year in developing countries, but at less than 0.5% a year in
developed countries (Peden et al., 2007). The rising demand and consumption are closely
linked to the increasing purchasing power due to rapid urbanization, population growth and
economic prosperity. The projected milk demand in 2020 is estimated to be 660 million metric
tons or 89 L/capita/annum (Peden et al., 2007). The protein water productivity of milk is
estimated at 40 g/m3 of water (Renault and Wallender, 2000). To meet the milk demand in
2020 the water intake per 40 g of milk protein will increase by 10 L with the rising global
temperature.
Renault and Wallender (2000) estimated beef cattle protein to water productivity at 10 g/m3
of water. Mekete (2008) calculated meat water productivity of livestock under different
farming systems in the Ethiopian highlands to be in the range of 1.89 to 3.09 g/m3 of water
with an average value of 2.65 g/m3 of water. The lower value of meat to one unit of water
was due to minimum livestock off-take rates in the highlands. Therefore, people in mixed
crop and livestock production systems in the Ethiopian highlands should have 16 981 m3
water per capita to attain the meat demand by then (45 kg/capita/year), which is 250%
higher than the present meat consumption. Awulachew et al. (2005) noted that the available
water per capita in 2020 will be less than 1000 m3/capita. Thus, alternative water
management mechanisms such as water recycling, effective

water conservation

programmes and comprehensive family planning to control population growth have to be
sought. The suggested water management mechanisms have to be integrated in the
planning and implementation of water resource utilization and to ensure community
participation.
Mekete (2008) estimated that it required 1 m3 of water to produce 0.05 L of milk from Zebu
cattle in northern Ethiopia. Therefore, to meet the targeted 2020 per capita milk consumption of
89 L/ annum, it will require 1 790 m3 of water which again is far higher than the projected water
availability per capita in 2020 that was estimated at less than 1 000 m3/per capita. This
suggested that there is a need to have livestock breeds with higher milk productivity and
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efficient milk-water productivity ratio. It will also require the implementation of strategies for
water conservation, water recycling and family planning to meet the milk demand of the ever
increasing human population. In general, the issues of water and livestock relationships
become critical when an attempt is made to increase animal protein to meet protein demand
under both extensive and intensive agriculture.
7.4.6

Livestock water recharge

A study conducted at ILRI in Debrezeit Research Station on Boran x Friesian crosses
showed that the mean amount of metabolic water reported was 3.1 kg/cow/day (ILCA,
1992). Water turnover including water intake and metabolic water was lower in early
lactation (52.3 L) than in late lactation (57.1 L). The proportion of total water excreted
through dung, urine and milk was 38.0, 17.0 and 13.8% in early lactation, and 45.0, 19.3 and
8.2% in late lactation, respectively (ILRI, 2002). At smallholder level, local cattle drink 25 L of
water per day (Jahnke, 1982), and by extrapolating the average

proportion of water

excreted in early and late lactation, the water excreted from local cows through dung, urine
and milk would be 10.4 L, 4.5 L and 2.8 L, respectively. This estimates the amount of water
lost from a cow’s body at 17.7 L/day/TLU or 71% of drinking water returned to the
environment through livestock recharge.

Peden et al. (2007) suggested that the drinking of water is not a water depleting process
because the water remains in the domain. This was in agreement with Haile Sellassie et al.
(2007) who reported that livestock drinking water amounts to less than 2% of the total water
utilized and degraded by livestock and is of little importance in terms of volume of water flow.
Livestock also contribute to water recharge when manure is used in the field by increasing
the soil water retention capacity (Tesfaye et al., 2004). Manure increases soil moisture
content by 10% both under medium and heavy grazing conditions (Murwira et al., 1995).
Therefore, livestock has a positive water balance in the ecosystem when manure is used as
fertilizer. From field experimental data conducted by ILRI (2000) water retention ability of the
soil in ungrazed land, medium and heavy grazed land per household reported are shown in
Table 7.5.

Under medium grazing without manure, soil moisture per kg of soil was

estimated at 170 mm while manure increased soil moisture to 190 mm, which was an
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increase of 11% in moisture content. This meant that manure improved infiltration rate by
11% or compensated the losses induced by grazing.

Table 7.5: Effect of grazing pressure on soil moisture
No grazing - soil
moisture (mm.kg-1)

Month

Medium grazing - soil
moisture (mm.kg-1)
Manure
No manure

Heavy grazing - soil
moisture (mm.kg-1)
Manure
No manure

Feb

0.14

0.11

0.10

0.08

0.07

May

0.16

0.14

0.14

0.12

0.12

Jun

0.16

0.15

0.13

0.14

0.15

Jul

0.29

0.29

0.27

0.26

0.22

Sep

0.36

0.33

0.28

0.3

0.26

Oct

0.2

0.17

0.16

0.16

0.12

Dec

0.14

0.13

0.15

0.11

0.13

Average

0.207

0.189

0.17

0.167

0.153

Source: ILRI (2000) based on experiment results in Debrezeit Research Station

The average land ownership per household in the study area was 1.32 ha of which only 0.1
ha benefited from manure fertilization, and this was insignificant. However, under agricultural
systems where manure was used widely, soil moisture retention improved the yield and
productivity. Wakena (2006) estimated the surface runoff of 285.4 generated from the annual
mean rainfall of 887.03 mm with the average annual rainfall-runoff coefficient of 0.32 for the
years ranging from 1995 to 2003. Based on this assumption, manure application could
improve water retention by 11% or retains 31.4 mm of moisture and limit the surface runoff to
254 mm.
7.4.7

Livestock and safe water

According to the economic growth and transformation plan (MoFED, 2011), only 38% of
households in the country use safe sources of water. In the current study, only 56% of the
respondents said that they use safe water sources, which is better than the national
average. About 87% of the respondents identified livestock as the main cause of water
sedimentation and pollution through the addition of sediments, dung and urine in the water
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as shown on Table 7.6. The effect of livestock is highest on standing water sources such as
lakes, ponds and swamps, and less in rivers. About 90% of the respondents ranked livestock
influence on water quality highest, particularly on standing water than on rivers. Water
sources were situated in less than 1 km distance from 64% of the respondents, while 36%
were more than 1 km away from water sources. The distance from water source has an
impact on women who are traditionally obliged to walk for several hours to fetch water for
household use. Respondents reported that livestock milk production and weight decreased
significantly during long dry periods due to poor water quality and trekking for long distances
in search of water.
Table 7.6: Pollutants of water sources
Source of water pollution

Proportion of respondents (%)

Animal droppings (dung and urine)

87.7

Animal trampling in water

77.5

Plant decays and weeds in water

63.8

Agri-chemical from flower farms

21.4

Accumulation of dust by wind

11.3

Agro-chemicals from smallholder farms

1.80

7.4.8

Interpretation of water physico-chemical analysis for livestock use

Water quality is important in maintaining water consumption by livestock. Physico-chemical
factors such as pH, total dissolved solids, hardness, total dissolved oxygen, organoleptic
properties (odor and taste), chemical compounds in excess (NO 3, Fe, Na, SO 4 , and Fl), toxic
compounds (As, HCN, Pb, Hg, hydrocarbons, organo-chlorides), organophosphates and
bacteria; were criteria for the evaluation of drinking water quality for people and livestock.
However, the following measurements were critical when considering whether the water was
suitable for livestock: pH, salinity, EC, Cl and NO 3 level (David, 2009). Table 7.7 shows the
range and limits that were used as standards for the interpretation of the suitability analysis
of water in USA and Canada (Canadian Water Quality Guidelines, 1987; EPA, 2004). These
standards were used in the current study for the interpretation of water quality. This
assessment focused on how safe a water source was for people and livestock in the study
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area. The results of the physico-chemical composition analyses are indicated in Tables 7.9
and 7.10.
Table 7.7: Water quality guidelines
Element

Desired upper limits
(ppm)
5

Maximum upper limit
(ppm)
10

0.2

0.2

Unknown

<1000

5

30

Cadmium

0.01

0.05

Calcium

100

150

Chloride

100

300

Chromium

1

1

Cobalt

1

1

Copper

0.2

0.5

Fluoride

2

2

0.05

0.1

Magnesium

50

100

Manganese

0.05

0.5

Mercury

0.01

0.01

Nickel

0.25

1

Selenium

0.05

0.10

Sodium

50

300

Sulfate (S from SO 4 )

20

100

Sulfate (SO 4 )

50

300

Vanadium

0

0.1

Zinc

25

50

Nitrate (NO 3 ) ppm

45
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Nitrate (NO 3 -N) N from NO 3

10

20

Total dissolved solids

960

5000

Aluminum.
Arsenic
Bicarbonate
Boron

Lead

Source: CCREM (1987); US Environmental Protection Agency (EPA, 2004)

133

The reviews on water physico-chemical content detailed below were based on the
information obtained from the USA Environmental Protection Agency (2004), CCREM (1987)
and the National Research Council (1974).
7.4.8.1

pH

Water for domestic and stock use should have a pH range of 6.5 to 8.5 (David, 2009). The
water pH denotes the alkalinity or acidity of a substance. A pH of 7 is neutral, while >7
indicates alkalinity and <7 indicates acidity. The following water sources from the current
study area exhibited high pH values above 8.5: Zekuala Steel rolling and metal plant effluent
discharge point (9.85), East Africa detergent factory effluent discharge point (8.93), Hora
Creator Lake (9.30) and Green Lake (9.94) as shown in Table 7.9. All the water sources
were accessible to livestock all year round, except Green Lake which was accessed during
the wet season. High pH values tended to facilitate the solubilization of ammonia, heavy
metals and salts (Christensen et al., 1996). Lethal effects of pH on aquatic life occurred
when the pH was <4.5 and or >9.5 (David, 2009). In the current study, the anthropogenic
factors which contributed to high pH were people mismanagement of the water bodies and
industrial effluents. Highly alkaline water >9.0, like the Green Lake was also reported to
cause digestive upsets and diarrhoea, lower feed conversion efficiency and reduce intake of
water and feed (Pond et al., 2005).
7.4.8.2

Salinity

Salinity is the sum of all mineral salts present in the water, including Na, Ca, Mg, Cl, SO 4 and
CO 3 . Total dissolved solids and total soluble salts are indicators of salinity and are also
physico-chemical properties that are used to assess water quality (Christensen et al., 1996).
These terms are used synonymously to measure the amount of total inorganic matter
dissolved in water which includes: Na, Cl, HCO 3 , SO 4 , Ca, Mg, Si, Fe, NO 3 , Sr, K, CO 3 , P,
Bo and Fl in water (Christensen et al., 1996). Although total dissolved solids denote the sum
of inorganic minerals in the water, the actual mineral composition of the total dissolved solids
in water may be quite different (Christensen et al., 1996). Saline or NaCl in the water is one
of the most common causes of high total dissolved solids in water. However, the effect of
excess NaCl on water intake and animal performance is less than when the combined effect
of excess SO 4 , Mg and/or Na were considered (Christensen et al., 1996).
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Research to determine the effects of total dissolved solids on the performance of lactating
dairy cattle produced varying results on water intake, feed intake and milk production
(Olkowski, 2009). When total dissolved solids level in the water was < 3 000 ppm, there was
little or no effect on cattle, although at first there were temporary or mild cases of diarrhoea
(Olkowski, 2009). The salinity level of water in the study area was moderate, between 1500
and 3580 ppm, which was considered safe in terms of the guidelines of CCREM (1987) and
EPA (2004) as shown on Table 7.8. The effects of salinity on milk production and animal
performance were variable when total dissolved solids were 3 000 to 5 000 ppm. However,
high total dissolved solids in water were more likely to decrease milk production during
summer months than in winter months (Olkowski, 2009). The guidelines suggested that
water containing < 5 000 ppm of total dissolved solids is acceptable for lactating cattle, but
water containing > 7 000 ppm is not acceptable for all cattle (NRC, 2001) as shown in Table
7.8. The effect of salinity on livestock health and productivity depends on species, breed and
age of the animals, the mineral content of the feed, temperature (ambient and water
temperature) and the type of minerals present in the water (Christensen et al., 1996).

Table 7.8: Guidelines to saline water use
Total dissolved solids
< 1000 ppm (fresh water)
1000 - 2999 ppm (slightly saline)
3000 - 4999 ppm (moderately saline)
5000 - 6999 ppm (saline)

7000 - 10000 ppm (very saline)

> 10000 ppm (brine)

Presents no serious burden to livestock.
Should not affect health or performance but
may cause temporary mild diarrhea.
Generally satisfactory, but may cause
diarrhoea, especially on initial consumption.
Can be used for reasonable safety for adult
ruminants but should be avoided for pregnant
cattle and calves.
Should be avoided if possible. Pregnant,
lactating, stressed or young animals can be
affected.
Unsafe, should not be used under any
conditions.

Source: CCREM (1987); US Environmental Protection Agency (EPA, 2004)
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7.4.8.3

Specific conductivity

Specific conductivity is the ability of water to conduct electricity. The greater the number of
ions in the water, the more current the water can conduct. Conductivity is expressed in terms
of microsiemens per centimetre (µS/cm). Natural water has a conductivity of between 50 and
1500 µS/cm. Coastal streams have specific conductivity value of 100 µS/cm, while interior
streams have up to 500 µS/cm (NRC, 1981). According to Olkowski (2009) approved and
working guidance such as of EPA (2004) and CCREM (1984) determined acceptable levels
of electric conductivity for livestock, irrigation, industrial and potable water. In the current
study high conductivity was found in eight sample sites estimated at above EC 4000 μS/cm.
The high conductivity value indicated that the water sources in the study area had a high
concentration of mineral ions, which varied between 50 and 1500 µS/cm as shown on Table
7.9.
7.4.8.4

Carbon and total inorganic carbon

This is the sum of CO 3 , HCO 3 and H 2 CO 3 . The relative amount of each of these three
components is dependent on the pH of the water. At pH 7 to 8, which is typically found in
fresh water systems, the HCO 3 ions dominate (60 to 90% of the total inorganic carbon).
HCO 3 concentration in surface water is usually less than 500 mg/L and frequently less than
25 mg/L (NAS, 1974). C is a nutrient required by some biological processes, while inorganic
forms of C are part of the C cycle in the biosphere. HCO 3 ions serve as the main buffer in
fresh water systems and provide CO 2 for photosynthesis (NRC, 1981). Many industries use
HCO 3 salts because of their high solubility. In the current study, the concentration level of
CO 3 and HCO 3 were below 500 mg/l except for the two lakes (Green and Hora), most of the
sample sites had normal CO 3 content as shown in Table 7.9.
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Table 7.9: Chemical composition of water in the study area
Sample site
1

Godino dam

EC
TDS
CO 3
HCO 3
N
(µS/cm) (ppm) (mg/L) (mg/L) (mg/L)
7.72
4600
2940
48
170.8
190.0

2

Mojo River I

8.1

4440

2840

24

219.6

690.0

3056.7

3

Belbela pond I

7.46

3040

1940

24

146.4

260.0

1151.8

4

Belbela River II

7.82

2590

1660

24

146.4

660.0

2923.8

5

Wedecha dam

7.72

4160

2660

48

170.8

500.0

2215

6

Keta pond

7.28

3610

2310

36

109.8

250.0

1107.5

7

9.85

3950

2530

168

36.6

190.0

841.7

7.69

4150

2660

48

207.4

380.0

1683.4

8.93

4020

2570

180

402.6

370.0

1639.1

10

Zekuala steel factory
pond
Oxford factory chemical
discharge
East African chemical
flow
Hora Lake

9.03

2340

1500

300

829.6

380.0

1683.4

11

Mojo River II

8.09

4950

3170

48

378.2

610.0

2702.3

12

Tap water

7.50

4080

2610

72

231.8

540.0

2392.2

13

Green Lake

9.94

5600

3580

1200

707.6

180.0

797.4

14

Cheleleka swamp

7.18

2150

1380

-

160.0

340.0

1506.2

8
9

7.4.8.5

pH

NO 3
(ppm)
841.7

Nitrates

Cattle performance and reproduction are affected by nitrates in the water. Toxicity occurs when
NO 3 is reduced to NO 2 (Costa et al., 2002). NO 3 level in water in excess of 0.3 mg or NO 3 -N/L
contributes to excessive algae growth in water (Olkowski, 2009). Table 7.10 shows a guideline
to levels of NO 3 and NO 3 -N and precautions to be taken in the use of water for livestock and
poultry (EPA, 2004; CCREM, 1987). Drinking water, especially from surface or shallow
ground water, may become contaminated with high levels of NO 3 . A slight decline in
reproductive performance was reported in herds where NO 3 -N levels were >20 ppm
(Olkowski, 2009). However, concentrations of <10 ppm NO 3 -N or 44 ppm of NO 3 in water
are considered safe for dairy cattle (NRC, 2001).
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Table 7.10: Guidelines for nitrate level in water
Nitrate
(ppm)
0 - 44
45 - 132

Nitrate -Nitrogen
(NO 3 -N) (ppm)
0 - 10
10 - 20

133 - 220

20 -40

221 - 660

40 - 100

661 - 800

100 - 200

Over 800

> 200

No harmful effects.
Safe if diet is low in nitrates and
nutritionally balanced.
Could be harmful if consumed
over long periods of time.
Cattle at risk, possible death
losses.
Unsafe, high probability of death
losses.
Unsafe, do not use.

Source: CCREM (1987); US EPA (2004)

In the current study, the NO 3 content in the water in all sites were high and the water was
not recommended for use. Therefore, NO 3 was identified as the basic toxic chemical in
livestock drinking water in the study area as shown in Table 7.9. A report by MoWR (2001)
indicated that the high NO 3 concentration in water wells was associated with poor waste
handling and the presence of large livestock population around the water sources that left
dung and urine in nearby wells (MoWR, 2001). Hand-dug wells in the rift valley zone were
also found to have high NO 3 , which was probably caused by N fertilizers, animal manure,
crop residues and industrial waste and human waste in nearby toilet pits (MoWR, 2002).

In Ethiopia, public sanitation services for public toilet facilities, sludge and related
environmental health services are generally inadequate and did not meet the required
demand. Water bodies around cities and towns were mostly polluted by septic tanks and pit
latrine overflows as well as waste water from various institutions and domestic sources
(MoWR, 2001; 2002; UNESCO, 2004; Tamiru et al., 2005; Solomon, 2006).

People residing in the rural areas left their human waste on land or at the banks of water
bodies, and the waste was carried off in runoffs into natural water courses. Consequently,
both surface and ground water in these areas were polluted by faecal matter leading to the
prevalence of a wide variety of water-borne diseases (MoWR, 2001). The major problems in
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the rural settings were lack of dry pit latrines, the washing of clothes and bathing in rivers
and the wide spread littering of animal dung which in one way or another contributed to the
contamination of the water sources (UNESCO, 2004),

It can only be assumed that partly human and in other cases natural causes might have
contributed to the pollution of water sources with NO 3 . With respect to the state of industrial
effluents in and around Addis Ababa, the Environmental Protection Authority (1999/2000)
undertook analysis of waste water on riversides and reported that the pollution level was
beyond the standard limits and it was unsafe for human and livestock to drink or irrigate
vegetables (Tamiru et al., 2005).
7.4.8.6

Chloride

Chloride ions have a number of functions in the body, including the regulation of osmotic
pressure and pH balance along with Na and K (Olkowski, 2009). It also has an important
role in digestion (Christensen et al., 1996). High concentration of chloride ions is
synonymous with salt (NaCl) toxicity. In ruminants, high concentration of Cl- ions increase
osmotic pressure in the rumen, which in turn may cause a decrease in microbial population,
metabolic activity and a reduction in food intake (David, 2009). High concentration NaCl
can result in dehydration, kidney failure, nervous system dysfunction and death in all animals
(NRC, 1981). The Cl- ion concentration in the study area was extremely high beyond the
desired lower limit of 100 ppm and the maximum upper limit of 300 pm (CCREM, 1987).
Lake Hora and Green Lake had extremely high Cl- concentration, while Zekuala steel rolling
factory effluent was at hazardous level for livestock use. Respondents reported that in 2008
about 30 oxen died after drinking water discharged from the Steel rolling factory. Rivers and
water sources from dams had less Cl- than stagnant water bodies such as lakes, ground
water and factory discharges (Table 7.11).
7.4.8.7

Water hardness

Water hardness is generally a measure of Ca- and Mg- ions in the water (Olkowski, 2009).
Zn, Fe, Sr, Al and Mn can also contribute to water hardness, although they are generally
present in very low concentrations. Apparently, the degree of water hardness does not affect
livestock production (NRC, 1981). Water is classified as soft at 0 to 60 ppm, moderately hard
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at 61 to 120 ppm, hard at 121 to 180 ppm and very hard at >180 ppm as shown on Table
7.11. However, water intake and milk production in cattle were unaffected by water
containing up to 290 ppm of hardness (NRC, 1981). In the current study, the Ca and Mg
contents in the water bodies were very low, and the degree of water hardness was
categorized as soft.

Table 7.11: Calcium and magnesium concentration and water hardness level
Water hardness
Soft

Calcium and Magnesium
(ppm)
0 - 60

Moderate

61 - 120

Hard

121 - 180

Very Hard

>181

Source: CCRME (1987); EPA (2004).

7.4.8.8

Sodium

Na 2 SO 4 also known as Glauber's salt is a well-known laxative (Olkowski, 2009). Mg and Na
on their own pose little risk to livestock, but their association with SO 4 is a major concern
(Olkowski, 2009). Water with > 800 mg/L Na can cause diarrhoea and a decrease in milk
production in dairy cows (NRC, 1981). High level of Na, a major component in salt may
require adjustments of rations. Care should be taken when removing or reducing salt from
pig and dairy rations to ensure that it does not result in Cl deficiency. Salt may be reduced in
pig diets if the Na in the water exceeds 400 mg/L (Patience et al., 1989). The water sources
in the study area had Na concentration less than 200 mg/L as shown in Table 7.12.
7.4.8.9

Magnesium

MgSO 4 also known as Epsom salt is undesirable in water because of its laxative effect
(Olkowski, 2009). An upper limit of 300 to 400 mg/L has been suggested for dairy cows
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(Christensen et al., 1996). Mg level in water in the study area was considerably lower than
the standard limit as shown on Table 7.12.
7.4.8.10

Total phosphorus

Total P is a measure of both inorganic and organic forms of P (Olkowski, 2009). P may occur
as dissolved or particulate matter. It is an essential plant nutrient and is often the most
limiting nutrient to plant growth in fresh water. It is rarely found in significant concentrations
in surface water. It is generally reported in µg/L or mg/L. The total P concentration in lakes in
the study area was also affected by anthropogenic inputs. The level of P ranged between
58.28 and 197.27 mg/L (Table 7.12)

Table 7.12: Chemical composition of minerals in water samples
Sample site
1

P
(mg/L)
26.90

N
(mg/L)
7.39

K
(mg/L)
2.4

Ca
(mg/L)
20

Mg
(mg/L)
7.16

Cl
(ppm)
64.98

35.87

19.2

2.33

13.1

5.84

134.96

2

Godino dam
Mojo River I

3

Belbela pond I

80.70

4.15

2.69

13.9

4.68

49.98

4

Belbela River II

103.12

4.0

2.23

15

5.18

34.99

5

Wedecha dam

242.11

12.9

7.23

22.67

9.75

84.97

6

Keta pond

58.28

2.32

5.22

12.8

8.43

134.96

7

192.79

60.58

6.28

8.06

2.52

1054.67

112.09

13.93

5.13

21.55

7.92

184.94

990.84

73.6

4.4

10.69

4.36

224.93

10

Zekuala steel factory
pond
Oxford factory chemical
discharge
East African chemical
flow
Hora Lake

58.28

170.54

13.78

8.13

35.13

2889.10

11

Mojo River II

53.80

23.51

3.56

18.09

9.77

279.91

12

Tap water

44.83

5.32

2.77

15

17.04

234.93

13

Green Lake

197.27

97.84

63.21

7.13

5.01

6000.00

14

Cheleleka swamp

0.00

33.33

1.46

9.43

2.81

144.96

8
9
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However, since P is generally the most limiting nutrient in the soil, its input in fresh water
systems can cause extreme proliferation of algae growth. Inputs of P are the prime
contributing factors to eutrophication in most fresh water systems. A general guideline
regarding P and lake productivity shows that: <10 µg/L of P is considered oligotrophic; 10 to
25 µg/L of P is mesotrophic; and >25 µg/L of P is considered eutrophic (NRC, 1981). In the
current study, all water bodies were categorized as eutrophic as shown in Table 7.12.
Anthropogenic sources of P were sewage treatment plants, industrial effluent and farm
waste.

7.4.9

Microbial properties

There are many micro-organisms in water sources and most of them are quite harmless.
There are, however, certain organisms where caution must be taken. The green scum that
builds up in livestock drinking troughs and tanks is algae. It cannot grow without sunlight.
Some blue-green algae are toxic (EPA, 2004). Coli form counts below 50 micro-organisms
per ml of water are safe for cattle (Pond et al., 2005). Other possible contaminants include:
coccidia, staphylococcus, streptococcus, viruses, etc. Micro-organisms can enter a well that
does not have proper surface protection. A well is said to be situated improperly if the
drainage from livestock dung droppings, urine or cracked well casing allows bacteria to enter
the water supply (MoWR, 2002).
Signs of blue-green algae poisoning are diarrhoea, lack of coordination, labored breathing
and death. A suggested treatment for algae poisoning is large quantities of medical-grade
charcoal and mineral oil. Green Lake in the study area that was occasionally used for
watering livestock was full of blue-green algae. Further research should be considered on
the impact of water from the Green Lake on animal health and for environmentally
sustainable and economic use of the blue-green algae in the lake.
7.5

Conclusions and recommendations

Overall, there was an indication of a decline in water resources on per capita basis. The
major contributing factors were combined pressure of human and animal population on
natural resources that led to excessive deforestation, loss of biological diversity, overgrazing,
soil degradation and various forms of pollution and contamination. The global climate
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change also played a role in the decline in water resources due to the decrease in annual
precipitation and increasing temperature. Urbanization and economic growth increased the
demand for milk and meat, which required additional water use for each unit of increased
animal protein. The demand for milk and meat is expected to double in the next 20 years
with an annual projected growth rate of between 2.5 to 4%. Increasing milk and meat
production will require more water per unit of the product. This issue has raised concerns on
how to meet the water requirement of livestock based on future protein demand, population
growth, economic prosperity and climate change.

Livestock water intake was influenced by the type of species, breed and physiological state.
Under high temperature, water consumption increased by 2.1% for each ºC change in
temperature. Therefore, with increasing temperature livestock water requirement increased
at an increasing rate, which was a danger signal to smallholder farmers who live under
subsistence farming. However, it was understood that livestock drinking water does not have
significant share in total water resource depletion compared to water that is used for the
production of animal feed and sanitary services.

The results showed that livestock helps to sustain water resources in ecosystems by using
the little available water in the crop residues and metabolic water recharge from the
oxidation of feeds. The water recharged through the feeding of crop residues could have
been lost through evapo-transpiration, volatilization and trampling. However, if livestock
production were to be based solely on the use of crop residues it would have a negative
consequence on nutrient recycling. Growing of fodder legumes and the use of fodder as
supplements to crop residues would be the most practical and cost-effective method of
improving nutritional value of crop residues. Increasing land slope and grazing intensity
reduced water infiltration rate into soil and enhanced soil erosion through runoff. Therefore,
care must be taken when selecting ploughing methods based on land slopes and the use of
different feeding methods to reduce overgrazing.

It was also concluded that livestock also contributed to water recharge when manure was
used in the fields by increasing soil water retention capacity. Manure increased soil moisture
content by 10% both under medium and heavy grazing conditions. Therefore, livestock had
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a positive water balance role in ecosystems when manure was used for fertilization. Thus,
alternative water recharging mechanisms such as water recycling, effective soil and water
conservation, reforestation and appropriate water use have to be sought. Family planning
has to be considered to slow down human population growth. Overall, the water recharging
schemes have to integrate the planning and implementation of water resource with
community participation. Physico-chemical properties of water such as pH, total dissolved
solids, toxic compounds and bacteria were higher than standard limits and as a result water
quality was unsafe for human and livestock consumption. Therefore, development programmes
and environmental groups have to consider ways of maintaining the quality by protecting water
bodies, and at the same time improving the quality of water in water sources that are
contaminated by excessive nutrient load.
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CHAPTER 8:
LIVESTOCK, CLIMATE CHANGE AND TECNOLOGICAL OPTIONS

8.1

Introduction

Climate change has already influenced agricultural ecosystems in several regions of the
world (IPCC, 2007) where there is ample scientific and historical evidence of the effects.
History has shown that human beings are capable and have the capacity to adapt to
changing climates. However, in the last recent decades unexpected natural disasters have
become more frequent and their effects on natural ecosystems are remarkable (Easterling et
al., 2007). This has directly or indirectly affected existing agricultural production systems. In
addition to these disasters, societies are expected to change their life styles to realize more
income growth (World Bank, 2010). Thus, agricultural production systems will require
effective adaptive strategies to overcome gaps between demand and supply of food and
other societal needs (Easterling et al., 2007).

Central Ethiopian highlands constitute one of the major food producing agro-ecologies in the
country. Farmers have been struggling to maintain their livelihoods by continuously trying to
produce food for subsistence. But the production systems have often become non-resilient
to climatic shocks, variability and climate change. As a result, famine and hunger have killed
millions of people and occasional flooding has also displaced thousands of them from their
homes (Meze-Hausken, 2004).

The poor living conditions of farmers in the highlands as a result of anthropogenic and
natural disasters demand the development and implementation of methodologies to address
issues of vulnerability to climate change (Deressa and Hassan, 2009). Research on climate
change in the highlands often targeted crop production decisions that were sensitive to
possible future climatic conditions (NMSA, 2001). Efforts have been made for assisting
farmers and policy makers in the crop sub-sector to improve their planning and make better
management decisions (Deressa and Hassan, 2009). Most of the past studies have been
oriented to finding agronomic practices that could reduce potential negative impacts of
climate change and variability on crop production e.g., sowing dates, cultivar characteristics,
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fertilizer use, etc. (FAO, 2000). However, little research has been conducted on the effect of
climate change and climate variability on the livestock component of mixed farming systems
in the highlands. Under mixed crop-livestock production systems, crops and livestock
production are integrated in the same farms. Thus, the farming systems in the cropped areas
include the use of animal draught power for traction, threshing and transport; and in turn
crop residues are used as animal feed and manure for fertilization (Hadera, 2001). Animals
are also utilized for meat, milk and hide production to generate income (Diao et al., 2005).

The crop-livestock mixed production systems in the current study area were characterized by
mild climatic conditions which were suited for growing a wide range of crops with occasional
rotation with cereals and pulses (IPMS, 2004). Crop residues were major sources of animal
feeds. These characteristics provided farmers with very high flexibility for modifying
management practices for better adaption to climate variability and climate change. On the
other hand, that same flexibility resulted in huge challenges since the tools to improve
planning and decision-making must consider a very wide range of possible activities, inputs,
market mixes and interactions.

This chapter reports about the assessment of the effect of climate change on livestock
production at smallholder level in the Ethiopian highlands by taking Adaa district as a case
study. It also presents forward adaptive management practices to improve the performance
of agricultural systems and decision-making in relation to climate change.
8.2
8.2.1

Research methodology
The study area

The study area was Adaa district which is ecologically in the high potential livestock and crop
production systems in Ethiopia (IPMS, 2004). Administratively, it is one of the 12 districts in
East Shoa zone, Oromia Regional State in Ethiopia and is located about 45 km southeast of
Addis Ababa. The area falls within longitude 38o51’ 43.63’’ to 39o04’ 58.59’’ E and latitude
8o46’ 16.20’’ to 8o59’ 16.38’’ N, on the western margin of the great East African Rift Valley.
The study area has a bimodal rainfall pattern, with the short rains occurring from March to
May and the main rains from June to September. Based on the long-term data, more than
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75% of the annual rainfall is received during the main rains, when cropping normally takes
place (Kahsay, 2004). The highest rainfall was recorded in 1966, when the annual rainfall
was 1287 mm, much higher than the average 890 mm. The short rains are sometimes
erratic but there is no cropping taking place during this period, except that it is important for
softening the soil to facilitate land preparation and also to promote the growth of pasture
grasses for livestock.

Sixty-year data (Kahsay, 2004) indicated that the average minimum and maximum air
temperature ranged from 8oC to 28.2oC, respectively. However, mean annual temperature is
18.5oC. Highest average temperatures were observed for March, April, May and June, while
October, November and December had the lowest average temperatures.

The agro-ecology in the district is best suited for diverse agricultural production. The district
is nationally popular for it excellent quality Teff. Wheat is the next abundant crop that grows
in the district. Pulses, especially chickpeas, grow in the bottomlands on residual moisture
and in rotation with cereals.

The general altitude in the district ranges from 1500 to > 2000 m above sea level. Two major
agro climatic zones were identified in the district (IPMS, 2004) as: (a) the mountain zone
located > 2000 m, covering 150 km2, (9%) of the area, and (b) the highland zone at an
elevation of 1500 to 2000 m extending > 1600 km2 which covers 91% of the area.
8.2.2

Meteorological data

Sixty-year meteorological data (1951-2009) for rainfall, temperature and relative humidity;
three decades of sunshine hours and two decades of wind speed, were obtained from the
Ethiopian National Meteorological Service Agency (NMSA). The weather data reported here
is based on information from Debrezeit Air Force weather station which is the oldest station
located within the study area. The meteorological data were compared by decades.
8.2.3

Socio-economic survey

As part of the study, 110 farmers who participated in extension programme provided by the
Ministry of Agriculture were selected for the survey. The reason for the selection was that
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these farmers were most likely to be able to provide information on climate change indicators
and adaptation in their location. The farmers were asked about their perception of climate
change, indicators for climate change and the adaption methods they have followed to
mitigate climate change. Structured questionnaires written in English were used as research
tools to collect data. Questionnaires were made simple by use of open-ended questions.
Interviews were conducted orally with household heads (either male or female) in their
homes. After collecting data, the first step was to transfer the data onto a spreadsheet using
the Statistical Package for Social Sciences, version 17.0.1 (SPSS, 2008).
8.2.4

Suitability analysis using DIVA-GIS

DIVA-GIS is a geographical information system that is used to analyze plant biodiversity
data. It was developed at the International Potato Center (CIP) to help curate gene bank
data. Additional support was subsequently obtained from IPGRI (DIVA-GIS website:
http://www.diva-gis.org).
DIVA-GIS implemented EcoCrop to predict the adaptation of crops over geographical areas
(White et al., 2001) that could also be used to estimate crop residue potential for future
livestock feed. Currently, only temperature and precipitation data are used to make this
prediction. To determine the suitability of a certain crop in a growing season, the following
temperature parameters were used:
KTMP:

absolute temperature that will kill the plant

TMIN:

minimum average temperature at which the plant grows

TOPMN:

minimum average temperature at which the plant will grow optimally

TOPMX:

maximum average temperature at which the plant will grow optimally

TMAX:

maximum average temperature at which the plant will cease to grow

To determine the suitability of rainfall in an area for particular crops, the following rainfall
parameters were used:
Rmin:

minimum rainfall (mm) during the growing season

Ropmin:

optimal minimum rainfall (mm) during the growing season

Ropmax:

optimal maximum rainfall (mm) during the growing season
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Rmax:

maximum rainfall (mm) during the growing season

EcoCrop module runs for both rainfall and temperature or separately. In the last case, the
minimum value of the two parameters for each growing season is used to compute
suitability. To run the module we selected a species in the select tab, searching for species
using options in filter by option. Then we selected the crop of interest by clicking on it. In the
parameters tab, we selected temperature and rainfall parameters from the EcoCrop
database and changed them as desired. In this case the temperature and rainfall were
predicted from three climate change models (CGM2, HaDCM3 and PCM) for 2050 and 2100
(Deressa and Hassan, 2009). Teff and wheat were the two selected crops to run the DIVGIS. These two crops were selected for their dominance in area coverage as well as
relevance as crop residues for livestock feeding in the highlands, and also due to the
agronomic and nutritional similarity of Teff with other grass species (Tareke, 2010).
8.2.5

Data analysis

Detailed statistical analysis of the data was done using SPSS (2008) version 17.0.1.
Weather data were analysed for decade means and tested for their significant differences
among decades.

Variables that were the most representative of the study area were

extracted from the socio-economic survey and computed for univariate analysis (effects of
climate change on livestock production, perceptions on climate change and factors that
influenced decisions to adapt to climate change).

Information on technology option for

livestock adaption to climate change was reviewed from secondary data.

8.3

Results and discussion

8.3.1
8.3.1.1

Weather data for the past sixty years (1951-2009)
Rainfall variability and trend

Precipitation in liquid and frozen form is one of the most important weather variables for
agricultural systems. Plants rely on water from precipitation to survive and to recharge the
soil. Periods of no precipitation result in drought, and periods of excess precipitation cause
floods (ASA, 2005). Both extremes have a major impact on agricultural crops, livestock and
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operations. However, many other natural and human factors can affect water availability
(Wilhite and Glantz, 1985) whether for the growth of crops, pastures or for household use.
The interconnectedness of changes in temperature, evapo-transpiration and other physical
factors such as soil fertility and vegetation cover affect water availability (Meze-Hausken,
2004).

The baseline climate data was developed using historical data of temperature and
precipitation from 1951- 2009 at Debrezeit Air Force Station. The data were obtained from
National Meteorological Agency of Ethiopia archives. Mean annual rainfall showed large
spatial and temporal variation. The Ethiopian National Meteorological Services Agency
(ENMS) defined 50 to 75% of a 30-year average as ‘below normal’ rainfall and designated it
as dry and 0 to 50% average rainfall as ‘much-below-normal’ rainfall (Meze-Hausken, 2004);
whereas an annual rainfall above the 30-year average was considered a wet year. The study
area experienced both dry and wet years over the last 60 years. NMSA (2007) reported that
1965, 1984 and 2001 were extremely dry years, while 1961, 1964, 1967, 1977, 1996 and
2007 were very wet years. Studies by NMSA showed that there is a link between El-Nino
and La-Nina phenomena and the occurrence of rain in Ethiopia (NMSA, 2001).

In the current study decade-based trend analysis of annual rainfall showed that rainfall
remained more or less constant when averaged over all decades. The LSD analysis showed
that from decade three there were no significant differences in rainfall amount between the
decades. However, there were significant differences between decades 1 and 2 and the
others decades (3, 4, 5 and 6). Generally speaking the rainfall has increased by 7.5% in the
past three decades with an increase of rainfall amount by 2% for each decade (Figure 8.1).
This is in agreement with MMSA (2001) findings which reported an increasing trend in
annual rainfall in the central Ethiopian highlands.
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Figure 8.1: Estimated monthly mean rainfall (mm) by decade
(Decade 1 = 1951-59, Decade 2 = 1960-69, Decade 3 = 1970-79,
Decade 4 = 1980-89, Decade 5 = 1990-99, Decade 6 = 2000-09).

8.3.1.2

Temperature variability and trend

The survival of crops, insects and animals is determined largely by the temperature microclimate (ASA, 2005). In agricultural systems, temperature is used as an indication of when
crops should be planted and how rapidly a plant or insect develops. The growing degree unit
(GDU) has been developed as one method of measuring the rate of plant development
(ASA, 2005). This unit is defined as: GDU = (T h + T l ) / 2-T b .
Where; T h

= the daily maximum temperature,

Tl

= the daily minimum temperature, and

Tb

= a base temperature below which a plant or insect is assumed not to grow.

The cumulative GDU is also referred to as thermal time. Crops may be classified according
to how many GDUs are required to reach maturity. Therefore, records on extreme
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temperature (absolute TMax and absolute TMin) are also important for agricultural
production. Ethiopia has experienced very warm years in 1957, 1958, 1973, 1987, 1995, and
2002, and very cool years in 1964, 1967, 1968, 1975, 1977, 1989 and 2003 (NMSA, 2007).
The average annual maximum temperature has increased by about 0.08oC for every decade
(Figure 8.2), which is close to the estimate by NMSA (2001) of 0.10oC overall.

Figure 8.2: Estimated monthly mean maximum temperature by decade
(Decade 1= 1951-59, Decade 2=1960-69, Decade 3=1970-79,
Decade 4 = 1980-89, Decade 5=1990-99, Decade 6= 2000-09)

Similarly, the average annual minimum temperature in the study area has increased by
about 0.08oC on average, totaling 0.5oC in the past six decades (Figure 8.3). It is interesting
to note that the average annual minimum temperature and the average annual maximum
temperature increased at the same rate. However, in both minimum and maximum
temperatures the LSD analysis shows that there were no significant differences in
temperature across most of the decades except decade six, in the case of maximum
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temperature, which indicated that maximum temperature increased significantly in the sixth
decade (2000-2009). For minimum temperature the significant level started in the 4th decade
(1980s). It was highest in the fifth decade (1990s) and then declined in the sixth decade.

Figure 8.3: Estimated monthly means minimum temperature by decade
(Decade 1 = 1951-59, Decade 2 = 1960-69, Decade 3 = 1970-79,
Decade 4 = 1980-89, Decade 5 = 1990-99, Decade 6 = 2000-09)

8.3.1.3

Relative humidity

Relative humidity, temperature and pressure are fundamental variables that characterize the
local state of the atmosphere (ASA, 2005). Within the realm of agriculture, relative humidity
measurements have a wide range of applications, including the prediction of plant disease
and livestock feed requirements (ASA, 2005). In the present study, there were no significant
differences in relative humidity across the decades from 1951-2009, as shown in Figure 8.4.
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Figure 8.4: Estimated monthly mean relative humidity by decade
(Decade 1 = 1951-59, Decade 2 = 1960-69, Decade 3 = 1970-79,
Decade 4 = 1980-89, Decade 5 = 1990-99, Decade 6 = 2000-09)

8.3.1.4

Sunshine hours

Solar radiation is the largest energy source and is able to change large quantities of liquid
water into vapor (ASA, 2005). The potential amount of radiation that can reach the
evaporating surface is determined by its location and the time of the year. Due to differences
in the position of the sun, the potential radiation differs at various latitudes and in different
seasons. The actual solar radiation reaching the evaporating surface depends on the
turbidity of the atmosphere and the presence of clouds which reflect and absorb most of the
radiation. When assessing the effect of solar radiation on evapo-transpiration, it shows that
not all available energy is used to vaporize water. Part of the solar energy is used to heat up
the atmosphere and the soil profile (ASA, 2005). In the current study, there were significant
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differences in sunshine hours in the last three decades. It increased from an average of 8.15
hours per day to 8.3 hours per day which contributed to an increase in evapo-transpiration
as shown in Figure 8.5.

Figure 8.5: Estimated monthly mean sunshine hours by decade
(Decade 4 = 1980-89, Decade 5 = 1990-99, Decade 6 = 2000-09)

8.3.1.5

Wind speed

Agriculturists are interested in wind speed and direction, as these data are used to
determine the location of different farm buildings relative to each other, and the design of
wind breaks that protect the homestead and livestock during the winter (ASA, 2005). Real
time wind speed and direction information is critical for the spraying of crops and for pest
control. Wind currents transport pollen that ensures the fertilization of self-pollinated crops.
Wind provides ventilation in livestock buildings, cool animals in summer and disperse odor.
Light wind speed tends to move odor along the surface with little mixing, resulting in the
concentration of the odor and discomfort. Strong wind tends to be more turbulent and the
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odor is mixed and carried up and away from the surface. In this case there is not much of a
problem. However, strong wind can damage crops and farm structures. Wind also transports
insects and disease germs that affect crops. Wind also speeds up the rate of evapotranspiration. The wind speed in the study area showed significant differences between
decades and showed a decline in the last two decades, which was estimated at 1.6% as
shown on Figure 8.6.

Figure 8.6: Estimated monthly mean wind speed by decade
(Decade 5 = 1990-99, Decade 6 = 2000-09)
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8.3.2

Future climate change scenarios

In this study temperature and rainfall were changed based on future climate change
predictions for Ethiopia in 2050 and 2100 (Deressa and Hassan, 2009). Predicted values
of temperature and rainfall were taken from three climate change models (CGM2,
HaDCM3 and PCM). The predicted values for the scenario analysis were taken from
Colorado University (Strzepek and McCluskey, 2006; cited in Deressa and Hassan,
2009). Table 8.1 shows the predicted values of temperature and rainfall from the three
models for 2050 and 2100. As can be observed from this table, all the models forecasted
increasing temperature levels for 2050 and 2100. With respect to rainfall, while the CGM2
predicted decreasing rainfall for 2050 and 2100, both HaDCM3 and PCM predicted
increasing rainfall over these years.

Table 8.1: Climate predictions by SRES models for 2050 and 2100
Temperature (oC)

Model

Precipitation (mm)

Current

2050

2100

Current

2050

2100

CGM2

21.25

24.51

29.26

767.7

647.5

502.7

HADCM3

21.25

25.07

30.66

767.7

835.3

934.6

PCM

21.25

23.50

26.69

767.7

808.3

856.7

Source: Deressa and Hassan (2009)

8.3.3 Current crop production conditions
Vulnerability assessment in the agricultural sector was accomplished for wheat and Teff,
since these two crops were among the five major crops growing in Ethiopia. Teff is a C 4 plant
(Ketema, 1997), and it is intermediate between a tropical and temperate grass. Teff is
adapted to environments ranging from drought stress to waterlogged soil conditions and
diverse soil types (Ketema, 1997). Teff production has been reported at altitudes as low as
the sea level and up to 3 000 m above sea level. Under the current conditions, Teff is
suitable in most areas of the country covering different agro-ecological areas (Figure 8.7). In
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Ethiopia Teff occupies >2.8 million hectares annually, which is 25 to 30% of the total area
covered by cereals (CSA, 2010). It is a staple food for about 50 million Ethiopians who make
60% of the population. The quality of crop residues from Teff is equivalent to grass species
like Rhodes grass (Alemayehu, 1997), hence the crop residues from Teff are important
animal feeds.

Figure 8.7: Current suitable areas for Teff and wheat production
Source: DIVA-GIS website (http://www.diva-gis.org).

Figure 8.7 shows the current potential Teff and wheat growing areas in Ethiopia. Wheat is
one of the five top crops grown in the country. Ethiopia is the second largest grower of wheat
in sub-Saharan Africa. About 900 000 ha of bread and durum wheat are cultivated annually,
primarily as highland rain-fed crop. Rainfall and minimum temperature are the key
determinants of potential wheat areas. Minimum rainfall of at least 350 mm and a minimum
temperature between 6 to 11ºC are required during the wettest quarter of three months of
growing period (White et al., 2001).
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8.3.4
8.3.4.1

Future geographic coverage of Teff and wheat
Potential wheat production areas

Water deficit and warm night temperatures are the key factors limiting bread wheat
production in Ethiopia (White et al., 2001). Potential new areas for bread wheat production
were identified by assuming that technologies could be developed to allow wheat to be
grown in drier or warmer environments to increase the yield (White et al., 2001). In the three
climate change models (CGM2, HaDCM3 and PCM) it was estimated that areas
suitable for wheat would expand to the east, north and west by 2050 and 2100 (Figure 8.8).
In the three models, the unsuitable areas for wheat are mainly located on the marginal
lowlands on the eastern parts of the country.
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Figure 8.8: Forecast of areas suitable for wheat production in 2050-2100
Source: DIVA-GIS website (http://www.diva-gis.org).
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8.3.4.2

Potential Teff production areas

Teff and other C 4 species like maize, sorghum and millet have an evolutionary advantage of
a photosynthetic pathway over C 3 species such as wheat and cool season grasses
(Stallknecht, 1997; Wondimu and Tekabe, 2001). The C 4 pathway allows more efficient use
of water use and faster photosynthesis under high heat and light conditions than C 3 species
(Stallknecht, 1997). Through DIV-GIS analysis the distribution of Teff in relation to climate
change indicated that the generally suitable areas for Teff will shrink slightly in 2050 than
2100 under all models (Figure 8.9). Areas that are marginally suitable will expand more
than those that are currently not suited, which indicates the possibility of producing Teff
under climate change scenarios for higher temperature. The most affected zones are the
eastern lowlands in Afar and Somali Regional States of Ethiopia. The highlands will remain
suitable for Teff under all climate change models. Teff, maize and sorghum will produce best
during periods of maximum heat unit accumulation.
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Figure 8.9: Forecast of areas suitable for Teff production in 2050 - 2100
Source: DIVA-GIS website (http://www.diva-gis.org).

8.3.5

Effects of climate change on livestock

Livestock production in the study area was dominated by crop production land use pattern,
where crop residues contributed about 85% of the feed requirement (Alemu, 2002). From the
climate change suitability analysis it was found that the Teff and wheat producing areas will
expand with the change in temperature and precipitation for the coming 100 years or so.
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In the lowlands, climate change is likely to impact on the amount and quality of forage
produced in rangelands, which will reduce the reliability of production and the natural
resource base on which livestock depends for browse and water (NMSA, 2001). Although
there will be some direct effects on livestock, the majority of influences will be through
changes in plant growth and the timing, quantity and quality of forage and crop residues
available.
8.3.5.1

Global warming

Global warming is the result of increased GHGs destroying the ozone layer and warming of
the earth (IPCC, 2007). It was predicted that the global temperature would rise by 0.2ºC
every decade (IPCC, 2007), and by 2100, the temperature would have increased by 6.4oC.
This would be an equivalent of a two degree shift in latitude towards the tropics.

However, from the current study the 60-year data showed that temperature has risen by
0.08ºC per decade, indicating that geographic patterns have shown differences in global
warming. Although there are differences in geographic positions, the effects of GHGs are
borderless, meaning that even if no GHG entered the atmosphere from certain locations,
global warming would continue to affect locations that emit less GHG (IPCC, 2007).

The level of CO 2 rose sharply in the last decade (FAO, 1996). It is estimated that by 2100,
CO 2 level will be triple the pre-industrial times (IPCC, 2007). The rising CO 2 level has a
major effect on plant growth. Positively, greater resource efficiency will increase plant growth
(FAO, 1996). FAO (2002) also reported that the loss of moisture will cause greater fixation of
CO 2 per molecule of water lost, which will improve water efficiency. Therefore, increased
CO 2 has a positive effect on plant biomass yield, water use efficiency and effective use of
some nutrients.

Unlike the effects of increased CO 2 on the atmosphere, the effects of rising temperature will
mostly be negative and offset the positive effects of CO 2 on plant growth although the direct
impact will vary in space and time (IPCC, 2007). It may be of benefit to some areas in high
altitudes, since it will be possible to grow new crops where it was impossible to do so before
due to environmental limitations. This evidence supports the idea that climate change and
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variability impact assessment and adaptation has to be done at local level due to variability
in global ecology and resilience capacity (FAO, 1996).

Vegetation will become more lignified with low digestibility, inferior energy and protein
content due to increased temperature; and as a result forage quality will be substantially
poorer (NMSA, 2001). The establishment of crops will likely be difficult with little moisture
content and will probably need to be planted earlier or require greater inputs, which will
increase production costs. There will be greater induced heat stress for livestock. Water
demand will become critical based on the location of livestock systems as has been seen
recently with the spread of the tick-borne diseases and the expansion of pests and animal
diseases (FAO, 1996; Sutherst et al., 1996).
8.3.6 Farmers’ perception about climate change
Farmers in the study area were asked about the accessibility to communal resources for all
community members. They listed and ranked the resources as shown in Table 8.2. The
highly accessed resources were water, wood and grasses. These resources are mainly used
to sustain life of the rural community and their livestock. The resources were said to be
highly depleted due to lack of management and communal ownership. Some of the
resources like grass for roofing of houses, wild fruits and medicinal plants were depleted and
their accessibility was limited because they were not available all the time. As human and
livestock population increase, more pressure is put on all resources.
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Table 8.2: Communal resources accessed by communities
Communal resource type

Rank

1

Water for household use

1

2

Wood for household energy use

2

3

Wood for construction

3

4

Water for livestock use

4

5

Communal grazing

5

6

Charcoal making for income generation

6

7

Medicinal plants

7

8

Ritual trees and plants

8

9

Wild fruits

9

10

Grass for roofing

10

Respondents listed detritus and decomposers such as earthworms, millipedes, army worms,
fiddler crabs, termites, ants, wood beetles, snails and birds, which existed during the time of
their forefathers and the important role they had in decomposing and forming humus.
Respondents described the status of detritus and decomposers as decreasing (39%); under
threat (20%), endangered (50%) or have disappeared (5%). Some respondents (15%)
believed that the presence of detritus and decomposers was a sign of good harvest; while
others (10%) said it was an indication of good agro-ecological balance and (50%) said it was
an indication of good soil.

Weather indicators for climate change were described as the change in patterns of rainfall,
temperature and sunshine intensity. Some respondents (40%) mentioned erratic, unseasonal and torrential rains that cause floods. Others (35%) mentioned the high
temperature which caused difficulty in breathing, increased water consumption and faster
growth rate for crops more than ever. People have changed their life styles such as light
clothing and no fire is required to warm up people and animals. Light intensity has also
increased as reported by 25% of the respondents who said that it has caused darkening of
people’s faces and early wilting of plants. All respondents agreed that indigenous trees and
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wild animals were endangered or have disappeared due to the increase in the area
cultivated and greater livestock population.
8.3.7 Farmers’ adaptation measures to climate change
Some farmers (25%) considered climate change as God’s punishment for their sins. These
farmers believed that the climate will become normal upon God’s forbearance and
forgiveness of human sins. About 75% of them believed that anthropogenic factors
contributed to climate change. In the current study it was found that lack of land for
cultivation was the major obstacle to farmers’ adaptation to climate change. They needed
land to practice different land rehabilitation practices such as conservation tillage, fallowing,
intercropping and fencing. Other major issues identified by farmers were lack of information,
financial credit, labor, water, and good soils. In the past three decades farmers adopted
crops like chickpea and vetch expanding the acreage by three folds as these crops can
survive on residual moisture and grow in crop rotations with cereals.

Other potential adaptation measures listed by farmers to cope with adverse impacts of
climate change on crop production and crop residue were:
•

Improving and changing management practices and techniques such as planting
date, seeding rate, fertilizer application rate, etc.;

•

Change in crop regions;

•

Proper use of climate information for land use planning and early warning systems,
etc.;

•

Promoting irrigation agriculture;

•

Enhancing erosion control and reforestation;

•

Adopting suitable crop varieties and developing new ones that have food and feed
value.

8.3.8

Livestock related technology options for adaptation

In the short term, improved management by intensifying "best practice" will mitigate the
effects of climate change. This can be done by improving the quality of fodder production
and feeding patterns, balanced stocking rate to match feed production, specialized and
intensive animal rearing, mechanization of crop production to reduce dependence on
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livestock traction power, release crop varieties that have high food and feed value, better
forage management based on agro-ecological suitability of specific forage and seasonal
forecasting (Alemayehu, 2005). Improved herd management to include disease and pest
management and monitoring as well as husbandry and welfare. The practices mentioned
above provide immediate benefits regardless of climate change.

In the long term, adoption will be the key to success in coping with climate change.
Vulnerability to climate change can be reduced by preparing, evaluating and implementing
adaption strategies that reduce the risks of negative impacts whilst promoting advantages of
new opportunities. Looking at new alternatives available and improving what already exists
such as infrastructure, climate-ready breeds, and varieties of feed which will be better
adapted to survive in that climate (IPCC, 2007). Civil society, non-governmental
organizations, private sector and governments need to work with communities to implement
proposed systems and provide support to farmers.

In cases where the effects of climate change may be inevitable or proposed options
unviable, other options should be considered such as changing land uses. Extra support is
required for these transitions to successfully occur. Sound policies will help to reduce
disputes in dealing with GHGs, drought, water and pollution; to encourage development,
evaluation and adoption of effective strategies to climate change (FAO, 1996). In addition, it
is vital to ensure that communities have ongoing social, economic and environmental
wellbeing for effective natural resource management.

The focus on options for livestock technology innovations is therefore, on livestock
production, input supply and marketing in order to satisfy a growing demand without
damaging the environment. Initiatives like pasture development, breed improvement,
marketing, chemical treatment of crop residues, urea-molasses blocks, commercialization of
green forage production will be considered as options for the reduction of the use of natural
resources per unit of products. Adaptive measures for livestock-ecosystem balance should
also include the integration of land degradation with forage development. The following
technology options for livestock development for adaptation to climate change are
elaborated.
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8.3.8.1

Natural pasture rehabilitation

There are a number of valuable wild grasses, legumes and browse plants in Ethiopia
because of the diverse climate. The highlands are rich in pasture species, especially
legumes. Herbaceous legumes tend to increase with increasing altitude. There is a wide
diversity of annual and perennial Trifolium species and annual Medicago in the highlands,
particularly >2,000 m. At lower altitudes annual legumes are less abundant, but there are a
number of browsing species.

According to Alemayehu (1997) despite the fact that research on indigenous species
improvement has been minimal, most trials gave positive results. To improve the vegetation
composition and the nutritional value of degraded pastures, research on oversowing with
legumes and grasses has indicated that vetches (Vicia dasycarpa and V. atropurpurea) and
local clovers (Trifolium sp.) were successful in the highlands. In mid-altitudes, the perennial
Desmodium uncinatum has shown superior establishment with Rhodes grass (Chloris
gayana) and Siratro (Macroptilium atropurpureum). Research and development testing over
the last two decades identified promising forages that are suitable for pasture rehabilitation
in a wide range of agro-ecological zones.

Weeds are a major problem in both perennial and annual pastures and forage crops; and
unless they are controlled, productivity would be low. In Ethiopia weed control by herbicides,
machine mowing, topping and hand weeding have been tried. Hand weeding was the best
method. Since family and hired labour is plentiful and cheap, there is an opportunity to use it
for weed control, and so there is a considerable opportunity to foster the development of
improved pasture and forage crops on a large scale without major weed infestation
problems.
8.3.8.2

Sown pastures and forages

Climate and land availability provide a good opportunity for forage production. In Ethiopia,
most improved tropical species can be grown in the lowlands (1500-2000 m) and temperate
species can be grown from elevations of > 2100 m up to 3000 m (Alemayehu, 1997). For
introduced and improved forages, yield is higher than the naturally occurring swards and has
higher nutritional value. In addition, the length of the productive season is longer for
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cultivated pastures than for natural pastures which provide an opportunity for dairy and beef
cattle fattening and to develop and use pasture and forage on a large scale (Alemayehu,
1997).

Greater use of leguminous fodder trees and shrubs assists in increasing soil fertility,
controlling soil erosion and providing firewood and timber. These legumes are well adapted
to the current edaphic and grazing conditions, and they can be readily integrated into
farming systems, because they retain their feed value in the dry season and show great
success in higher potential areas of the country. Pasture establishment is relatively difficult in
the highlands compared to the humid, warmer and lower areas, because of soils and
climate. In the wet season, water logging, relatively low soil temperature and reduced long
and short radiation limit the establishment and subsequent growth of pasture in the
highlands. In these areas, perennial pastures are usually sown during the short rains (March
and April) but annual forages are usually sown in June (Alemayehu, 2005).

Conventional methods of establishing pasture are tedious and labour demanding, especially
in the highlands. Better ways are the low-cost methods such as backyard, undersowing and
oversowing, which are more attractive to farmers. These strategies provide farmers with
proper use of land for the cultivation of crop/pasture and forage/trees, and the products can
be used for food, feed and firewood, respectively. Some perennial grasses can be planted
vegetatively, e.g. Festuca arundinacea, Phalaris arundinacea and Setaria sphacelata which
are well adapted to waterlogged conditions.

There is also considerable opportunity for the use of fodder tree legumes in agroforestry.
Woody legumes provide a fodder hedge planted around the backyard, firewood, wood for
construction of houses and farm equipment, wind breaks, for ceremonial purposes and for
stabilizing bands and gullies. The current promotion of fodder tree legumes in the national
agroforestry system is a good opportunity for the extension of a forage programme within
farming systems. It contributes to environmental protection, natural resource management
and food security (Alemayehu, 1997).
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8.3.8.3

Intercropping

At the time of this study, arable farming was expanding at the expense of traditional or
communal grazing lands. This has put pressure on grazing resources resulting in inadequate
feed resources for livestock both in terms of quality and quantity (Diriba et al., 2001). Under
these conditions, development of integrated forage-cereal-livestock systems could
accommodate and improve both crop and livestock production systems.

Integration of forage legumes into the cereal based cropping systems is one of the
alternative strategies towards that goal (Mohamed-Saleem, 1985). This approach also
enhances efficient utilization of land, labor and other inputs (Lulseged et al., 1987). Forage
legumes enhance soil fertility as they fix N (Diriba et al., 2001) and improve cereal yields
when used as green manure (Abebe, 1998). This strategy also improves the yield and
nutritive value of harvested crop residues that can be used as important feed resources
particularly after grain harvest (Mohamed-Saleem, 1985).
8.3.8.4

Intensification of commercialized forage production

The potential DM yield of Napier grass surpasses that of other tropical grasses (Getenet et
al., 2002), which is the reason for its popularity among dairy farmers in Kenya, who have
maximized production per unit area of land. Berhanu (2006) found that CH 4 production from
cattle fed on grass hay was higher (185.7 ± 13.6 g.d-1) than that produced by cattle fed on
both Teff straw and supplemented with concentrate mixture (141.8 ± 13.6 g.d-1); and Napier
grass (124.1 ± 13.6 g.d-1). It is therefore suggested that the potential of Napier grass for
tropical ruminant feeding is higher in terms of the feed quality and reduction of CH 4 pollution.
In urban and peri-urban areas, the cost of milk production is high. Livestock feed, particularly
roughage, which is the most important factor, hampers livestock productivity in general and
milk production in particular (Yoseph et al., 1999). Rural-urban linkage is an important
strategy to improve the supply of roughage to urban dairy farmers; since rural farmers have
a considerable amount of irrigable land for forage production like Napier grass.
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8.3.8.5

Physical and chemical treatment of crop residues

Physical treatment of crop residues by chopping had multi-advantages of reducing wastage;
increasing intake and digestion thereby increasing feed efficiency (Kessler et al., 1998). In
highland areas farmers fed Teff and wheat straw (IPMS, 2004). As cereal straws comprised
more than 80 - 90% of the roughages in central highlands, it was of great importance to
explore the potential improvement in livestock production through practical and low-cost
systems of treating fibrous feed resources physically or chemically. The digestibility of straw
is low (40-50%), thus, it does not give much energy to the animals when fed alone. Urea
treatment of straw increased the digestibility of crop residues by 50 to 60% (Habib et al.,
1991; O'Donovan, 1997), and animals ate 10 to 20% more of the treated straw. Therefore,
alternative ways of improving livestock feeds to satisfy the growing demand of animal
products without disturbing the environment should be sought, but with efficient utilization of
available resources.
8 3.8.6

Community-based livestock breed improvement

High cost of purchasing animals of improved breeds – even when they are easily available is one of the challenges facing the development of the dairy sector in Ethiopia. In addition,
artificial insemination (AI) services are not proceeding as efficient as expected. Therefore,
facilitating the provision of improved breeds in community-based breeding programmes such
as Bull stations was considered a potential solution for the supply of improved breeds (IPMS,
2004).

In Ethiopia, AI services have been provided by the government institutions alone (IPMS,
2004). These institutions are based in towns; as a result AI technology has not benefited
rural framers compared to urban and peri-urban dairy owners. To alleviate the difficulty of
providing AI services in rural areas, private AI service delivery systems in rural areas have to
be developed. In addition, other technological interventions like estrous synchronization,
sexed semen and embryo transfer could be used to increase the reproductive efficiency of
livestock.
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8.3.8.7

Establishment of proper livestock herd structure

Yoseph et al. (2002) reported that in urban and peri-urban dairy farms, the proportion of
cows was 50% out of which 36% were lactating cows. The national average of cows in a
herd was 42% (Azage and Alemu, 1997). The reason for the high proportion of cows in periurban and urban dairy farms (Yoseph et al., 2002) was market orientation targeted to
produce more milk to meet the high demand by keeping more cows, since the sale of milk
was the major source of income for urban and peri-urban farms. Oxen were widely
considered the most important domestic animals in the highlands, because oxen performed
nearly all the traction functions for cultivation.

The great reliance on oxen for draught purposes in many highland areas has led to an
extraordinary difference in the cattle herd composition between the highlands and pastoral
lowland areas, and also in different zones in highland regions. Male cattle outnumbered
female cattle, or were nearly of the same proportion, in the highlands (Halderman, 2004).
Herd structure is important for economic analysis and recommendation of off-take rate. The
maintenance of the right proportion of productive animals in each herd has an implication on
grazing pressure and hence on land degradation. It is necessary to reduce the calving
interval from the current 580 days to 365 days and to decrease mortality in order to improve
the productive and reproductive performance of animals (Azage and Alemu, 1997).
8.3.8.8

Manure management

One of the contributions from livestock is the provision of manure, which is a recyclable
organic matter in a mixed crop-livestock farming system; that also adds macro and trace
minerals in to the soil, and improves soil texture, moisture holding capacity, water infiltration
and soil aeration. Improved moisture holding capacity reduces runoff and prevents crusting
of the soil surface (Tesfaye et al., 2004). Small quantities of organic materials can bring
about marked improvements in the CEC of soils. However, in the highlands, the livestock
population is low and alternative sources of energy so limited that people cannot afford to
use livestock dung as organic fertilizer. Instead, the resource-poor people use dung for fuel
and/or sell dried dung for extra income (Halderman, 2004).
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Tesfaye et al. (2004) reported that although farmers in central highlands practice different
manure storage methods, some of them clean the barn every day and add fresh dung to a
pile stored for over an average period of 240.3 ± 96.44 days. Others put dung in the open
either in the backyard or outside the fence beside the main gate, which is the most prevalent
method practiced by 72% of the farmers. Lekasi et al. (1998) reported that manure stored in
the open is of poor quality and environmentally unsafe. Despite its valuable use as fertilizer,
manure can also be regarded as a waste and a source of air and water pollution in places
where there is over production, or when it is improperly used and stored (Brandjes et al.,
1996). Therefore, improved manure management is important for sustainable resource
utilization.
8 3.8.9

Marketing

Although the country is rich in livestock resources, inadequate market infrastructure, virtual
absence of market information system, absence of market oriented livestock production
system, inadequate number of exporting firms with low level of capacities, inadequate
knowledge of international trade, low level of quarantine facilities and procedures,
prevalence of various animal diseases, repeated bans, excessive cross-border illegal trade
and stiff competitions, etc. are the major challenges that hinder the smooth livestock trade in
Ethiopia (Belachew and Jemberu, 2003). The development of effective and efficient livestock
marketing system is essential to improving and sustaining the livelihoods of livestock
producers in Ethiopia, and to promoting environmentally sound natural resource
management systems (Halderman, 2004).
8.4

Conclusions

From the sixty-year meteorological data (1951-2009) there was an established increase in
rainfall by 2% per annum; and maximum and minimum temperatures by 0.08oC per decade,
which amounted to a cumulative temperature increase of 0.5oC in the last decade. The
increase in precipitation and temperature favoured the adaption of lowland crops like maize
and sorghum to highland agro-ecology. Climate prediction models forecasted that most of
the highlands in Ethiopia will remain suitable for cereals like wheat and Teff for the next 50 to
100 years. However, the perception of farmers indicated that they feel more heat and warm
weather than they have experienced before. They reported that rainfall is now more erratic
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or comes late and stops earlier before plants completed their vegetative growth. Therefore,
future research on climate change at local level should consider community perceptions,
plus intensity of weather data such as frequency and duration of rainfall and relate it with
crop water requirements. The research should also give direction on what crop varieties to
grow, when to sow, when to harvest and transport, based on the changing climate.

In order to continue to thrive in the future, livestock industries need to anticipate climate
change and uncertainties in order to develop adaption strategies. For climate adaption to
occur, people need to be aware that climate change is a reality; what the practical impacts
will be; and how it will affect businesses. Effective communication will benefit all vulnerable
groups and decision makers in adapting to climate change. It is necessary to motivate
farmers to change farming practices to adapt to climate change and to use the opportunity
to their advantage. Adaptation to climate change has to be accepted and that the uncertainty
in climate change should be recognized as unavoidable. It is therefore equally important to
ensure that legislation and policies reflect such experiences and incorporate this and other
new knowledge into improving adaptive responses over time.
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CHAPTER 9:
CONCLUSIONS AND RECOMMENDATIONS

9.1

Conclusions

Livestock sector response to the challenges of environmental change requires formulation of
appropriate adaptation and mitigation options. The projected trend of population growth
indicates that livestock population will increase tremendously over the next few years and
may create conducive conditions for further increase in greenhouse gas emissions.
Environment and livestock production systems have multidimensional interactions and
challenges because livestock production systems are affected by environmental changes
and at the same time they are contributors to the phenomenon.

The use of draught animal power for ploughing, threshing and transport saved tremendous
carbon emissions compared to mechanized agriculture. And in addition to carbon release
into the atmosphere, mechanized farm operations break down the soil structure to fine
particles which contribute to more soil erosion by wind and rain. Mechanization also released
carbon monoxide, carbon dioxide and other greenhouse gases from fuel combustion. Hence,
draught animal ploughing was a positive farm operation when considered from an
environmental point of view.

When comparing the different land uses, grazing was found to have the highest SOC
content followed by undisturbed ecology. Grazing lands that were either degraded or fenced
off, had high SOC content because of the ability of livestock to add dung and urine to the soil
while grazing and their ability of moving organic materials from place to place. As result, it is
possible to argue that top layer of grazing lands might get degraded physically but not
chemically. The results of this study showed that although livestock was blamed for
degrading soil structure and vegetation, this was compensated by adding organic carbon
into the soil through dung and urine. In contrasting the different carbon inputs added into the
soil, it was found that animal waste and farmyard manure made the highest contribution.
This implied that for most of carbon the inputs, livestock products and by-products had a
greater place in the carbon sink.
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The results showed that different crop and soil management practices increased grain and
straw yield in vertisols. Particular combination of leguminous forages with cereal crops
improved soil carbon and yield by 40%, while row intercropping of forage legumes with
cereals boosted the yield by 30%; and forage grass and legumes mixed cropping improved
yield by 40%. All the reviewed literature indicated high biomass production for both the
cereal grains and the straw.

Although it was assumed that manure was predominantly used for fertilizer, the bulk of it was
actually used as cooking fuel. There was a significant difference in crop response to manure
application. Vegetables produced higher yields with manure than chemical fertilizers.
Cereals responded more to chemical fertilizers better than to manure. Therefore, combining
manure and chemical fertilizers was the best option for the sustainability of crop production
in the area.

Some of the limitations to the use of manure as an organic fertilizer were: inadequate
manure production, high labour cost, bulkiness, and high transport cost and weed
infestation. Manure management systems in the study area were affected by livestock
husbandry practices. Only crossbred cattle (5%) were zero-grazed and manure was stored
as slurry. Indigenous cattle grazed out in the fields during the day and at night were kept in
kraals near homesteads.

There was a substantial loss of nutrients during the day when animals were grazing in the
fields through leaching and trampling of dung and urine patches. Indoor or zero grazing of
livestock could reduce nutrient losses. The use of manure as fuel in the study area had no
significant effect on CO 2 emissions at household or local level, but had a negative impact on
soil carbon storage and soil fertility.

Recently, a new dietary strategy for ruminants was proposed in the developed countries to
reduce CH 4 emissions by manipulating ruminal fermentation directly by inhibiting
methanogens and protozoa or by diverting hydrogen ions away from methanogens.
Heavy metals occur naturally in the earth's crust and their anthropogenic release into the
environment causes contamination problems. In the present study, the heavy metal load in
176

the soil was below the hazard level. Although their impact was negligible, this study revealed
that contributors of heavy metals could be categorized as factory effluents and animal waste.
The role of natural resources such as sediments, rocks and soil particles were insignificant.
Anthropogenic factors such as tillage type affected trace mineral concentration to a less
extent, and only increased with increasing plough depth.

Results showed that crops like Teff had higher Fe, Cu, Zn, Mn and other micro-nutrients
content in their grains because they extracted minerals from the soil. Soil texture had an
impact on the mobility of trace minerals, where sandy loam caused a significant nutrient
migration to the lower profile due to the porosity of the texture. Discharge of effluents from
factories should take into consideration the characteristics of dump sites such as soil texture,
organic matter content, soil pH, acidity, waste composition and the concentration of heavy
metals. Organic sources were found to be very useful in enhancing macro and micro
nutrients availability to plants. In the present study, organic carbon in the soil was very low
and could have slowed the availability of trace minerals to plants.

There was an indication of a decline in water resources on per capita basis. The major
contributing factors for the decline in water resources were combined pressure of human
and animal population on natural resources that led to excessive deforestation, loss of
biological diversity, overgrazing, soil degradation and various forms of pollution and
contamination. The global climate change has also played a role in the decline of water
resources due to the decrease in annual precipitation and rising temperature. Urbanization
and economic growth increased the demand for milk and meat, which required additional
water use for each unit of animal protein produced. The demand for milk and meat is
expected to double over the next 20 years with an annual growth rate of between 2.5 to 4%.
Increasing milk and meat production will require more water per unit of the product. This
issue has raised concerns of how to meet livestock water requirement based on future
human protein demand, population growth, economic prosperity, and climate change.

The intake of water by livestock was influenced by species, breed and physiological state.
Under high temperature scenario, water consumption increased by 2.1% for each degree
change in temperature. Therefore, with increasing temperature livestock water requirement
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increased at an increasing rate, which was a danger signal for smallholder farmers who
engaged in subsistence farming. However, it was understood that livestock drinking water
had an insignificant share of the total water resource depletion compared to water used for
feed production and sanitary services.

Livestock sustained water resources in ecosystems by using the little available water in crop
residues and metabolic water recharge from the oxidation of feeds. The water recharged
through the feeding on crop residues could have been lost through evapo-transpiration,
volatilization and trampling. However, if livestock production were based solely on the use of
crop residues it would have had a negative consequence on nutrient recycling. Growing
fodder legumes and the use of fodder as supplements to crop residues was the most
practical and cost-effective method of improving nutritional value of crop residues. Increasing
land slope and grazing intensity reduced water infiltration rate into soil and enhanced soil
erosion through runoff. Therefore, care has to be taken when selecting ploughing methods
based on land slopes and to use different feeding methods to reduce overgrazing.

Livestock contributed to water recharge by increasing soil water retention capacity when
manure was used in the fields. Manure increased soil moisture content by 10% both under
medium and heavy grazing conditions. Therefore, livestock had a positive water balance role
in ecosystems when manure was used for fertilization. Physico-chemical properties such as
pH, total dissolved solids, toxic compounds and bacteria have to be below safe limits to
maintain the standards of water quality safe for human and livestock consumption.

Sixty-year meteorological data (1951-2009) showed that there was an increasing trend in
annual rainfall by 2% per annum and increasing maximum and minimum temperature by
0.08oC per decade. On the average, temperature increased by 0.5oC in the last decade.
There was anticipation that increased precipitation and temperature could favour some of
the lowland crops like maize and sorghum to adapt to highland agro-ecologies. Climate
prediction models forecasted that most of the highlands in Ethiopia will remain suitable for
cereals like wheat and Teff for the next 50 to 100 years. However, the perception of farmers
indicated that they have experienced more heat and warm weather than ever before. They

178

reported erratic rainfall that come late and stop earlier before crops completed their
vegetative growth.

For livestock industries to continue to thrive in the future, farmers need to anticipate these
changes, be prepared for uncertainty and develop adaption strategies now. And for adaption
to occur, people need to be aware that climate change is real; what the practical impacts
would be; and how it would affect businesses in the future. Effective communication is
required to help all vulnerable groups and decision-makers to change farming practices and
adapt to climate change.

9.2

Recommendations

It is important to study future effects of livestock on the environment based on different
technological adaptation options and scenarios that were found suitable to smallholder
farmers. Genetic improvement programmes should search for livestock breeds that are
adapted to harsh environments that could allow for selection within and between
breeds/species for particular environmental conditions. Livestock feed and forage research
should seek for programmes that can reduce gas emissions, adapt to harsh environments
and also be highly productive per unit of animal product. The use of draught animal power by
smallholder farmers for ploughing, threshing and transport should be encourage because it
saves tremendous carbon emissions compared to mechanized agriculture.

Livestock played a crucial role in the drainage of water from vertisol soils by pulling broad
bed makers for better aeration and nutrient uptake by plants. As a result, improved SOC
contributed to the increase in grain and straw yields that led to increased milk and meat
production. Therefore, livestock and feedstuffs were key players in improving the soil texture
and SOC under smallholder farm management. Livestock production could be considered
one of the major agricultural production systems in soil carbon storage. Similarly, livestock
production also played an important role in maintaining the eco-system balance through
nutrient recycling.

For improved yields and balanced eco-systems manure burning has to be replaced with
other alternative energy sources such as bio-gas and kerosene. The largest carbon
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equivalent emissions were from CH 4 (72.6%), N 2 O (24%) and CO 2 (3.4%) which indicated
the need to improve livestock and manure management systems under smallholder
agriculture. Existing mitigation strategies for CH 4 emissions for dairy farming, which includes
the use of high quality forages and increased use of grains, are recommended management
practices. In general, change in feeding systems; breed selection, good animal husbandry
and improved take-off were also identified as viable options for the reduction of greenhouse
gas emissions.

The type of land use had an effect on the level of heavy metal concentration in the soil,
particularly Fe which was lower in cultivated soils than uncultivated sites. Therefore,
research on essential trace mineral concentration in cereal growing in the highlands is
important for the purpose of increasing the yield. The addition of organic matter in the soil is
vital for trace elements and general soil fertility improvement. Nutrient recycling through
manure application, allowing crop residue to decay on fields, fallowing and rotational
cropping has to be practiced to rehabilitate the soil trace mineral content. Minimum and zero
tillage have to be practiced to build up trace elements as well.

Alternative water recharging mechanisms such as water recycling, effective soil and water
conservation, reforestation and appropriate water use have to be sought for. Family planning
has to be integrated with water resource use and management programmes. In addition, the
water recharging schemes have to integrate the planning and implementation of water
resource with community participation.

In the current study, the concentrations of some of the chemicals in the water bodies were well
above the standard limits. Therefore, development programmes and environmental groups
have to find ways of maintaining the protected water bodies and improvising the quality of those
water bodies that are contaminated by excessive chemical load. Future research on climate
change at the local level should consider community perceptions, intensity of weather data
such as frequency, beginning and ending of rainfall, and relate it with crop water
requirements. The research should give directions on what crop varieties to grow, when to
sow or harvest and transport, based on the changing climate. Adaptation to climate change
has to be accepted and that the uncertainty in climate change should be recognized as
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unavoidable. It is, therefore, equally important to ensure that legislation and policies reflect
such experiences and incorporate this and other new knowledge into improving adaptive
responses over time.
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