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ABSTRACT

In this study, temporal change, over the last 30-40 years, in relative availability/ contribution of
different livestock feed resources to the total feeds available to livestock keepers were assessed
based on household perception. The study was conducted in the Tiyo District of Ethiopia in Arsi
Zone -as a typical representation of the mixed crop-livestock highland system of the country. The
results revealed that over the last 30-40 years relative availability/ contribution of communal and
private pasture lands have significantly declined. On the other hand; aftermath grazings as dry
season feeds; crop residues particularly wheat and barley as year round feeds, and flour and oil
mill/ agro-industrial by-products as year round supplementary feeds have significantly increased.
Nevertheless, the relative contribution of cultivated forage grasses, herbaceous legumes and
browses were low and remained unchanged over the study period. Thus the results suggest that
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years.

efforts on livestock feed resources development, better focus on local level strategies aimed at
maximizing productivity and quality of the increasing feed resources. The unchanged very low
contribution of cultivated forage crops also require new innovative systems of technology
generation, demonstration and dissemination over the approaches being followed for the last 30-40

Keywords: Feed resources; availability; relative contribution.

1. INTRODUCTION

Among most tropical countries, Ethiopia has
extensive areas of land classified as highland.
The highland plateaus and mountains above
1500 m constitute about 40% of the total land
mass; over 60% of the human and 70% of the
livestock population of the country [1]. In this
part, the major land use is extensive smallholder
mixed crop-livestock where the crop and the
livestock husbandry are highly interlinked [1].
The highland livestock production system is
based on feeding grazing resources which
mainly is composed of annual foraging on
natural pasture and forest lands. Substantial
amount of feeds are also derived increasingly
from crop residues, agro industrial by-products
and other non-farm and farm products [2,3,4].
The proportional  contribution of these
feeds; however, varies with location and season
[5,6].

Over the last decades the mixed crop-livestock
highlands of Ethiopia experienced rapid change
in land use/land cover mainly due to increase in
human population pressure and partly due to
climate change. In some parts, over the last
three decades, the area under crop cultivation
has expanded considerably by about 21%, while
that of grassland has contracted greatly by about
15% [6]. This has resulted in a considerable
change both in the type and the amount of feeds
available to the livestock keepers. A study
conducted in northern Ethiopia revealed that
availability and use of communal grazing lands,
private pastures, woodlots and forest areas as
feed sources has significantly declined over the
past decades and that this was accompanied by
an increase in availability and use of crop
residues [7]. At the same time, in some parts of
the eastern highlands, 33% of the land has
undergone transition since 1970’s, and this has
resulted in a significant decrease in the relative
contribution of feeds from grazing resources by
about 37%, and increase in crop residues and
agro industrial by-products by 30% and 5%,
respectively [6], and the total volume of available
feeds could meet only 64% of the livestock’'s

requirement [8]. As a result, feed shortage is the
major factor responsible for low productivity of
animals.

Nevertheless, previous studies have focused on
understanding the general trends and lacked
detailed account of temporal changes in relative
availability/ contribution of individual categories
of feeds under each of the major grazing, crop
residues, cultivated forages, agro industrial by-
products and other feeds from crop lands. On the
other hand, having detailed information on this is
vital to have firsthand information on the type(s)
of feed(s) that is (are) increasing or decreasing in
specific areas. Such information helps to identify
and plan site specific areas of focus for future
research and development undertakings under
the changing climate and land use/land cover.
Thus, taking the case of Tiyo District in Ethiopia,
this paper explored household perceptions on

temporal changes in relative availability/
contribution of the different feed resources from
grazing, crop residues, agro industrial by

products, cultivated forage crops and others in
the mixed crop-livestock system of the tropical
highland, and there by point out areas of future
intervention to bridge the gap in feed supply and
demand.

2. MATERIALS AND METHODS

2.1 Description of the Study Area

This study was conducted in Tiyo District of
the Arsi Zone, Ethiopia, located 175 km
south east of Addis Ababa. The District is
situated between 745’13”and 8?2'26"”N latitude,
and 38%6'6”’and 39°19'33”E longitude. The
area receives an annual rainfall of 1149 mm
with the largest amount of water during
June, July, August and September months
(Heavy rain season) and the small rain
during February, March, April and May months
(Light rain season). October, November,
December and January months (Dry season)
are dry months and serve as period of harvest for
the Heavy rain season sown crops. The District
is known for production of range of crops



including wheat, barley, faba bean, field pea,
sorghum, maize, tef, and others to varying
degrees [5,6].

2.2 Household Survey

Data on relative availability/ contribution of
different feed resources from grazing, crop
residue, agro industrial by product, cultivated
forage crop and others was collected through
household survey. Following discussions with
experts and elders on availability of various feed
resources, check lists were first prepared, and
used in group discussions with farmers.
Information was elicited on kinds of feeds
available under each of the grazing, crop
residue, agro industrial by product, cultivated
forage crop and others in the past (30-40 years
ago), at present (2011) and the perceived
trends. Based on feedback, semi-structured
guestionnaires were prepared on what was the
relative availability/contribution of the various
categories of feeds and tested with 10 randomly
selected farmers. The questionnaires were then
further refined and fully structured for the final
interview.

The ‘kebeles’ (the smallest administrative unit) in
the District were classified into three strata based
on local agro-ecological classification with the
help of District level experts. From each stratum
one kebele was randomly selected with the help
of development workers. Household heads older
than 50 years old (assumed to have rich local
knowledge) were identified as the study
population from whom 92 households were
randomly selected using Bartlett et al. [9]
equation and interviewed.

During the interview, each respondent was given
100 maize seeds to divide among the different
response options to show relative contribution of
each feed type under grazing, crop residue,
agro-industrial by-product, cultivated forage crop
and others to the total amount of feeds of each
category available to him/her both at present
(2011) and in the past (30-40 years ago). This
was done for the Major rainy, Small rainy and
Dry seasons, separately for each category of
feed.

2.3 Data Analysis

The different feed resource categories from
grazing, crop residue, agro industrial by product,
cultivated forage crop and others were
described, and households’ response on the
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relative availability/ contribution of each were
subjected to the general linear model (GLM)
procedure of SAS Institute (2002) to identify
significant differences among the different
categories of grazing, crop residue, agro
industrial by-product, cultivated forage crop and
others from croplands within a season or among
seasons, whereas paired T test was used to
identify mean differences between past (30-40
years ago) and present (2011). All significant
differences were separated at 5% probability
level.

3. RESULTS

As is evident from Table 1, in the study area, the
relative availability/contribution of the different
feed resources to the total volume of available
feeds varied among seasons, and between past
and present times. In the past, grazing was the
major feed available to livestock keeping
households. It used to account significantly more
of the total volume of feeds available both at
seasonal and annual levels. However, overtime,
the relative availability/contribution of grazing
resource has been significantly reduced, and at
present, crop residue has become significantly
more available and is the dominant feed
during the rain seasons and at annual level.
Similarly, at present, the relative availability/
contribution of agro-industrial by product has
significantly increased across all seasons and at
annual level. On the other hand, the seasonal
and annual availability/ contribution of cultivated
forage crop were minimal both at present and in
the past.

3.1 Grazing Resource

Farmers in the District identified communal
pasturelands, private pasturelands, fallowlands
and aftermath grazing as the major grazing
resources available to them both at present
and 30-40 years ago. However, as shown in
Table 2, the relative availability/ contribution of
these grazing resources have  shown
considerable variation among seasons and over
years. Inline of this, in the past, communal and
private pasture lands used to contribute
significantly more to the total feeds available
during Heavy rain and Light rain seasons, and
aftermath grazing shared the largest proportion
of feeds available during the Dry season. Though
presently too these grazing resources did
not show noticeable differences in relative
seasonal order of contribution to grazing
resources, their contribution to the total feeds



available to farmers have significantly
changed (Table 2). Over the last three to four
decades, the contributions of communal
pasturelands, private pasture lands, and
fallow lands have significantly declined.
More significant reduction in contribution of
communal and private pasture lands was
observed during Heavy rain and Light rain
seasons, and during Dry season in case of fallow
land grazing. On the other hand, the contribution
of aftermath grazing has significantly increased
as a major grazing resource available during Dry
season.

3.2 Crop Residue

Farmers identified wheat, barley, tef, maize,
sorghum and pulses (faba bean and field pea)
as the major crops, residues of which is available
for livestock feeding (Table 3). The relative
availability/ contribution of these resources to the
total feeds available to livestock keeping
households; however, varied over years and
seasons. In the past, crop resides used to
contribute only 19% to the total annual feeds
available to livestock keeping households.
At that time, significantly more crop residues
were consumed during the Dry and the Light
rain seasons, and among crop residues,
barley and wheat used to contribute significantly
more residues to the total available
feeds. Over the years; however, the relative
availability/ contribution of crop residues to the
total available feeds have significantly increased
across all seasons. Wheat residue alone has
significantly increased by about 12.4%, for
Heavy rain season, 7.6% for Dry season and
21.8% for Light rain season and has become
the leading crop residue available to livestock
keepers.

3.3 Cultivated Forage Crop

Farmers in the District reported that they rarely
cultivate grasses, herbaceous legumes and
browses as livestock feeds. These crops
contribute very less to the total feeds available to
the farmers at any season, and remained almost
unchanged over the last three to four decades
(Table 4). Among cultivated forage crops,
grasses contribute relatively more to the total
feeds available to famers both at present and in
the past. Significantly more cultivated forage
crops were used during the Heavy rain season,
but without any practical effect on the available
feeds for animals.
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3.4 Agro-industrial by-Product

Farmers indicated that agro-industrial by
products from local flour mill and oil mill plants
like linseed cake, wheat bran middling, and
home brewery by products such as ‘Tela and
Areke Atela’ are the major by-products available
to the livestock keeping households. As shown in
Table 5, farmers hardly use agro-industrial by
products as a supplementary feeds in all
seasons, and no significant differences were
observed in relative availability/ contribution
among seasons. However, among others, home
brewery by-products accounted significantly
more in relative availability/ contribution in all
seasons. Over the last decades, significant
change in relative availability/ contribution of
home brewery by product was observed only
during Light rain season while, flour and oil mill
by products have shown significant increase in
all seasons.

3.5 Other Feeds from Cropland

Farmers in the study District also use other
sources grown on from lands-mainly crop lands.
These feed resources include thinnings and leaf
striping/tops from garden sown maize, and
weeds from land boundaries, as well as garden
and field grown crops (Table 6). On seasonal
basis, thinnings and weeds contribute
significantly more to the total feeds available
during Heavy rain season (both at the
present and in the past), and the relative
availability/ contribution of these feeds showed
significant increment by over 4% in the Heavy
rain season.

4. DISCUSSION
4.1 Grazing Resource

As perceived by farmers, over the study
period (30-40 years), the mixed crop-livestock
tropical highland system of the country-
represented by Tiyo District in this study-
experienced significant changes over years in
the intra seasonal relative availability/
contribution of the different grazing resources.
However, there was little or no change in the
seasonal relative availability/ contribution among
the grazing resources (communal or private
pastures, fallow and aftermath) to the total
volume of feeds available to the livestock
keepers. This implies that farmers, in the study
area, are experiencing marked changes in the



inter annual availability of grazing resources
relative to that of the intra seasonal changes.
Similar declining changes in availability of gazing
resources from communal grazing lands, private
pastures, woodlots and forest areas have also
been reported in other parts of the country [7,10].
The significant reduction in contribution of
communal pasture and private pasture lands as
major grazing resources of the Heavy rain and
the Light rain seasons might be linked to the
increased land cultivation (Light rain season)
and subsequent ground cover by field crops
(Heavy rain season). On the other hand, the
decline in contribution of fallow lands as
important grazing grounds of Heavy rain and
Dry seasons could be because of the
abandoning of the traditional fallow practices in
response to shortage of cultivable land. At the
same time, private pasture lands have become
significantly important over communal grazing
lands which might be due to land alienation and
fencing of small plots of land to conserve feeds
[11].

4.2 Crop Residue

As in the case of grazing resources, the
availability and use of crop residues have also
shown substantial inter annual, but relatively less
inter seasonal changes. The observed increase
in availability of residues of all crops might be
related to the general increase in areas of crop
production [6,12]. In the study area, the relative
availability/ contribution of wheat residue has
shown marked upsurge in all seasons, and this
might be related to the impacts of the nearby
kulumssa research center which has developed
and released many high yielding and disease
resistant bread wheat varieties over the study
period [13]. In conjunction with this, the ongoing
global warming might have also opened up new
climatic areas of ideal wheat production in the
cooler highlands that once was dominated by
barley production [14,15]. Crop residues are
highly valued as livestock feeds during the Light
and Heavy rain seasons as these are the times
of a year when lands are brought under
cultivation, and livestock free movements are
restricted. These are also times when crop
residues are highly demanded for competing
interests between livestock feed and mud
house construction that contributes to raising
prices [5]. At the same time substantial quantities
of crop residues are also wasted being exposed
to rain induced decomposition at storage,
trampling over in fields and feeding grounds/
troughs.
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4.3 Cultivated Forage Crop

The present study has demonstrated that the
relative contribution of cultivated forage crops to
the total feeds available to the farming
households is very low and has not changed
over the last decades. This signifies that forage
crops technology adoption and diffusion is very
meager in spite of research and development
efforts since the Chilalo Agricultural Development
Unit (CADU) time- late in 1960's [16,17], and it is
in line with the reported very small contribution at
a national level [5,18,19]. Such very low level of
contribution is often attributable to the low level
of resource allocation to forage crops cultivation.
Farmers often give priority for food and cash
crops to be grown on the limited non expandable
land that is getting sliced and fragmented over
time. In many cases, forage crops cultivation is
exercised at plot level [20] either as part of
demonstration by research or extension
personals, and are not competitive enough to
demonstrate advantages over other competing
interests for which resources (land, labour and
cash) are allocated. According to Tefera et al.
[18] forage crops are cultivated by less than
0.01% of the Ethiopian farmers, and Negassa
[11] also in his studies of market access of dairy
farmers in the Arsi Zone found no improved
forage or pasture crop cultivated on farmers’
private grazing lands.

4.4 Agro-industrial by-Product

The availability and use of agro-industrial by-
products in all seasons have increased over the
last decades. The observed increase could be
related to the increase in flour mill and edible oil
mill processing plants in nearby areas [21,4], and
the corresponding increased awareness among
farmers on benefits of feeding agro-industrial by-
products [22]. Among others, cakes from edible
oil mill by-products have increased more by over
three percent, and that could be because of
relatively more production of linseed, and the use
of the less efficient mechanical pressing
method of oil extraction against the organic
solvent extraction by modern and big oil mills [5].
This is followed by wheat bran from bread wheat
flour milling plants and barley bran from
households own milling at small flour mills.

However, the supply of agro-industrial by-
products is lagging much behind farmers’
demand and unexpected price raises are

common problems as in other parts of the
country [4,5].
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Table 1. Relative contribution of different feed resources (%) to the total seasonal and annual feeds available to livestock keepers in the past
(30-40 years ago) and at present (2011) in Tiyo District, Arsi Zone, Ethiopia

Feed resource Heavy rain season Dry season Light rain season Annual

Past Present Change Past Present Change Past Present Change Past Present Change
Grazing 725%  27.7% -44.8* 67.8° 52.2° -15.6* 67.1° 16.7° -50.4* 69.1° 32.2° -36.9*
Crop residues 13.6°  43.3" 29.7* 235%  36.7° 13.2* 20.0° 64.9 44.9* 19.0° 483" 29.3*
Cultivated Forage Crop 0.8° 2.0° 1.2 0.4° 0.2° -0.2 0.5° 0.5° 0.0 0.6° 0.9° 0.3
Agro-Industrial by-product 4.6° 9.3°P 4.7% 7.7¢ 10.4° 2.7* 6.1¢ 12.3° 6.2* 6.1° 10.7° 4.5+
Other 8.5° 17.6° 9.2* 0.6° 0.5° -0.1 6.3° 5.6%¢ -0.7 5.1° 7.9° 2.8

Different alphabetical letters in a column indicate values that are significantly different from each other, and the star (*) indicates significantly changed value between past and at present

Table 2. Relative contribution of different grazing resources (%) to the total seasonal and annual feeds available to livestock keepers in the past
(30-40 years ago) and at present (2011) in Tiyo District, Arsi Zone, Ethiopia

Grazing Resource Heavy rain season Dry season Light rain season Annual

Past Present Change Past Present Change Past Present Change Past Present Change
Communal pasture ~ 27.8°  4.5° -23.3* 15.5° 2.1° -13.4* 335" 3.3° -25.9* 25.6" 3.3° -22.3*
Private pasture 35.5% 18.0% -15.5* 13.6° 6.1° -7.5% 28.3 9.8* -18.5* 25.1% 11.3° -13.8*
Fallow land 9.9° 3.5° -6.4* 9.0¢ 2.0¢ -7+ 1.1° 0.3¢ -0.8 6.7¢ 1.9D -4.7*
Aftermath 1.3° 1.7° +0.4 29.7* 42.0" +12.3* 4.2° 3.3° -0.9 11.7° 15.7* 3.9*

Different alphabetical letters in a column indicate values that are significantly different from each other , and the star (*) indicates significantly changed value between past and at present

Table 3. Relative contribution of different crop residues (%) to the total seasonal and annual feeds available to livestock keepers in the past (30-40
years ago) and at present (2011) in Tiyo District, Arsi Zone, Ethiopia

Crop Residue Heavy rain season Dry season Light rain season Annual
Past Present  Change Past Present Change Past Present Change Past Present Change

Sorghum 0.3° 1.65 +1.3* 1.55%¢ 1.8° +0.3 0.4° 1.7¢ +1.3* 0.7° 1.7% 1.0
Maize 0.3° 3.2 +2.9* 1.8° 2.8%° +1.0* 0.8° 4.0° +3.2* 1.0°° 3.3° 2.4*
Tef 2.9° 7.2° +4.3* 2.7° 3.0¢ +0.3 3.9¢ 9.8° +6.0* 3.2° 6.7¢ 3.5%
Wheat 4.9" 17.3* +12.4% 6.5" 14.1* +7.6% 5.9° 27.7" +21.8* 58" 19.7% 13.9*
Barley 4.8 10.28 +5.4* 7.9% 10.18 +2.2% 7.9% 15.3% +7.9* 6.9 12.0° 5.2%
Pulse 0.4° 3.8° +3.4* 3.1%¢ 4.9° +1.8* 1.1° 5.8° +4.7* 1.5° 4.8° 3.3*

Different alphabetical letters in a column indicate values that are significantly different from each other, and the star (*) indicates significantly changed value between past and at present
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Table 4. Relative contribution of different cultivated forage crops (%) to the total seasonal and annual feeds available to livestock keepers in the
past (30-40 years ago) and at present (2011) in Tiyo District, Arsi Zone, Ethiopia

Cultivated forage crop Heavy rain season Dry season Light rain season Annual

Past Present Change Past Present Change Past Present Change Past Present Change
Grass 0.4* 1.4% +1.0 0.0 0.0 0.0 05" 02 -0.3 03" 05" 0.2
Herbaceous legume 0.0° 0.3° +0.3 0.0 0.0 0.0 0.0° 0.1 +0.1 0.0 0.1° 0.1
Browses /fodder tree 01®° 03° +0.2 0.4 0.1 -0.3 00° 02 +0.2 03" o02° -0.1

Different alphabetical letters in a column indicate values that are significantly different from each other, and the star (*) indicates significantly changed value between past and at present

Table 5. Relative contribution of different agro industrial by-products (%) to the total seasonal and annual feeds available to livestock keepers in
the past (30-40 years ago) and at present (2011) in Tiyo District, Arsi Zone, Ethiopia

Agro-industrial by-product Heavy rain season Dry season Light rain season Annual

Past Present Change Past Present Change Past Present Change Past Present Change
Flour mill by-products 0.0° 0.4¢ +0.4* 03% 1.2° +0.8* 0.1° 0.8¢ +0.7* 0.1° 0.8° 0.7*
Oil mill by -products 0.1° 3.2° +3.1* 1.4 38" +2.5% 0.6° 4.7° +4.2% 0.7° 3.9% 3.3*
Home brewery by-products  5.1* 57" +0.6 6.0" 54" -0.6 5.5" 6.8" +1.3% 5.9 6.0* 0.1

Different alphabetical letters in a column indicate values that are significantly different from each other, and the star (*) indicates significantly changed value between past and at present

Table 6. Relative contribution of other feeds from croplands (%) to the total seasonal and annual feeds available to livestock keepers in the past
(30-40 years ago) and at present (2011) in Tiyo District, Arsi Zone, Ethiopia

Other feeds from crop lands Heavy rain season Dry season Light rain season Annual

Past Present Change Past Present Change Past Present Change Past Present Change
Thinnings 53 94% +4.1* 0.0 0.1 +0.1 37t 27 11 3.0* 4.0 1.0
Leaf strippings 0.1° 0.2° +0.1 0.3 0.1 -0.2 0.1®8 0.2 +0.1 0.2B 0.1° 0.0
Weeds 31®° 81t +5.0* 0.3 0.4 +0.1 258 28" +0.3 200 38 1.8

Different alphabetical letters in a column indicate values that are significantly different from each other, and the star (*) indicates significantly changed value between past and at present



4.5 Other Feeds from Cropland

Thinnings and leaf stripings from back yard
or field grown maize mainly as green corn
and sorghum crops as well as weeds from
mostly hand weeded faba bean fields, and
others are also available to households as
feeds. However, during the survey work,
farmers expressed that increased availability

of these group of feeds is constrained
by farmers’ better crop  management
practices. Repeated land cultivation without

resting to restore soil seed banks and the
increased application of herbicides are
decreasing availability of weeds and weed
species of economic importance as livestock
feeds. On the other hand, the ongoing
global warming and associated increase
in temperature of the District [6] could
increase suitability and area of production of
maize and sorghum, thereby increasing potential
availability of thinnings and leaf strippings from
these crops.

5. CONCLUSION AND RECOMMENDA-
TION

From the results of the present study it is
apparent that over the study period, livestock
feed resources are in a dynamic state of
change in relative availability/ contribution to the
total amounts of feeds available to livestock
keeping households. Among grazing resources,
relative  contributions of the communal
and private grazing lands have significantly
declined in all seasons with increase in
relative availability/ contribution of the aftermath
grazings in the Dry season. Relative
contribution/use of crop residues have also
significantly increased with major surge in the
Heavy rain season, and the bulk of residues
come from wheat followed by barley. Cultivated
forage grasses, herbaceous legumes and
browses contribute very meager and has not
changed over the study period. The relative
availability/ contribution of agro industrial by-
products from flour and oil mills have increased
in all seasons. The relative availability/
contribution of the other feeds from crop lands,
including weeds and thinnings have also
increased and become important feeds available
to livestock keepers in the Heavy rain season.
Thus to bridge the gap in feed supply and
demand, the results of the present study suggest
that future research and development efforts on
livestock feed resources, better focus on
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devising local level strategies aimed at
maximizing productivity and quality of the
increasing crop residues, agro industrial by-
products and other feeds from crop lands. The
unchanged very low contributions of cultivated
forage crops also require new innovative
integrated approaches of forage technology
generation, demonstration and dissemination
that challenge the systems in place over the
last 30-40 years. Future research and
development efforts should also better focus on
improving the quantity and quality of the
categories of feeds which are on increasing scale
on farmers’ level.
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