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/ DISCOVERY

SCIENTIFIC SOCIETY

Identification and Utilization of
Potential Indigenous Fodder
Trees and Shrubs as Dry Period
Ruminant Feed in Bako-Tibe
district, West Shewa Zone,
Ethiopia

Dereje Keba!, Taye Tolemariam? Solomon Demeke?,

Demissu Hundie?”

ABSTRACT

Indigenous fodder trees and shrubs are important feed resources in Ethiopia
during the dry season. This study was conducted to assess and provide
comprehensive information on the availability, utilization, farmers’ perception
and chemical composition of these trees. Ten potential Indigenous fodder trees
and shrubs (5 trees and 5 shrubs) in the lowland and eight (5 trees and 3 shrubs)
in mid-altitude were identified and selected. The scores credited and preferences
by farmers to the selected traits varied significantly (P<0.001) among different
species. The mean CP content of IFTS was 17.9% within a range between 8.6-
26.9% for Carissa edulis and Acanthus polystachyus respectively, indicating that
these browse species were of high potential in feeding value as measured by CP
content. There was significant variation (P<0.001) between the browse species in
mean CP, NDF, ADF, ADL, EE and TT (Total tannin) contents. Moreover, there
was significant (P<0.01) difference between the browse species attributed to
altitudes in average NDF, ADF, and ADL contents.
significantly higher (P<0.01) CP and EE content than browse trees; whereas trees

Shrubs contained

contained significantly (P<0.05) higher mean NDEF. The correlation between
farmers perception of feed value scores of Indigenous fodder trees and shrubs
and the laboratory result of CP content was positive and significantly (P<0.05)
strong (r =0.60). However, there was no positive and strongly significant (>0.05)
correlation between farmers perception of feed value scores of IFTS and the
analytic result of ADF, ADL and TT content in both studied agro-ecologies. The
results obtained indicated that about 96.8 and 94. 3% of the lowland and mid-land
respondents respectively, feed the leaves and twigs/pods of the IFTS species
fresh. In conclusion, most of the fodder species identified in the study area are
potential feed resources for ruminant animal feeding during the dry period in
Ethiopia. Further animal evaluation for the promising and widely available
indigenous fodder trees and shrubs aimed at including into dry period ruminant

animal feeding system seems to be the future direction of research.
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1. INTRODUCTION

The contribution of livestock to global income from agriculture is estimated to be about 40% (Nabarro and Wannous, 2014). In
Ethiopia, agriculture contributes about 43.2% of the country's Gross Domestic Product (GDP) and provides about 85% of
employment opportunities (CSA, 2016). The livestock sub-sector was accountable for 13-16% of the total agricultural GDP
(Yayneshet, 2010). Moreover, livestock have an important contribution to crop production through provision of traction power and
manure in the crop-livestock mixed production system (Romney et al., 2003; Tilahun and Kirkby, 2004). Livestock are the leading
contributors to the livelihood of the rural community in Bako-Tibe district of West Shewa Zone. Nevertheless, the productivity of
the Ethiopian livestock is low mainly due to poor nutrition (among others) (Yeshitila et al., 2008; Daniel, 2018).

Feed resources in Ethiopia mainly comprises of natural and improved pastures, crop residues, forage crops, agro-industrial by-
products and non-conventional feeds (Tolera, 2012; CSA, 2015; Daniel, 2018). Natural pastures are seasonally available and
diminishing from time to time, resulting in serious feed shortage affecting production and productivity during dry period
(Solomon, 2004; Mesay et al., 2013). On the other hand, the available crop residues are low in metabolized energy and crude protein
(Devandra, 1991; Preston, 1995; Tingshuang et al., 2002). Thus, it is important to look for strategies of tackling feed shortages and
nutrient deficiencies particularly during the dry period.

Fodder trees and shrubs are widely available and play significant role in arid areas where moisture is limiting (Eshete, 2002).The
importance of browses is universal throughout the tropics, where they serves as leading feed resources, especially in the drier
regions and during dry season when natural pastures and green vegetation’s dry up and deteriorate both in quality and
productivity (Devendra, 1990). However, no exhaustive study has been conducted in Bako-Tibe district of West Shewa Zone on the
available fodder trees and shrubs from the point of view of their utilization. Therefore, this study was conducted with aim to assess
and provide inclusive information on the potential indigenous fodder trees and shrubs, their utilization and associations with

farmers’ preferences, and characterize their nutritive value.

2. MATERIALS AND METHODS

Description of the Study Area

This study was conducted in Bako-Tibe district of West Shewa Zone in the Oromia Regional State. The study district is located at
250Km West of Addis Ababa at an altitude of 1650m above sea level. The district receives mean annual rainfall of 1200 mm in a
bimodal distribution, 80% of which falls between May and September. The area has a mean relative humidity of 59% and minimum
and maximum temperature of 13.5 and 27°C, respectively. The study district had 32 Kebeles (Peasant Association) of which 28 were
rural. Topographically; plain lands (plateau) constituted about 60%, rugged terrain was 22%, mountains were 5% and, valleys
(gorges) covered 4.5% of the total area. Agro ecologically, lowland, midland and highland are accountable for about 50, 37.5and
12.5% of the total area of the district (BTDCSO, 2017). The low and mid-land make up the majority (about 90 %) of the total area of
the study area.

Selection of Participating Households

A total of three kebeles (two from the lowland and one from the midland) were selected using a stratified random sampling. Ninety-
nine households (sixty-four from the lowland and thirty-five from the mid-land) were randomly selected to participate in the
survey. Well prepared and pre-tested semi-structured questionnaires were used to collect primary data on the characteristics of the
respondents and animal feed resources available in the study area. Group discussions and key informants’ interview was also
conducted to generate all the necessary data on human and animal population, availability and type of fodder plants [Indigenous
Fodder Trees and Shrubs (IFTS)] commonly used for livestock feeding, including their utilization and ranking based on farmers’
preference trait scores. The sample size of the participating households was determined using a formula suggested by Yamane
(1967).

N
—_—
1+N(e?)

Where, n is sample size computed; N is the total households in the study area and e is the error term set at 0.1.
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Identification of Potential IFTS

A cross-sectional field survey aimed at observing the predominant IFTS was conducted between January and March. Criteria were
set for selection of IFTS based on focused group discussion with knowledgeable farmers and key informant farmers were requested
to list the most important and commonly used IFTS, including their characteristics and benefits based on farmers’ perception. Feed
value, biomass yield, ever greenness, multiple use, and compatibility scores were considered during the discussion. Feed value
preference scoring was done on a point scale from 1 (poor) to 4 (highly preferred) (Roothaert and Franzel, 2001; Abebe et al., 2008).
The ranking exercise was undertaken on an individual basis by selected farmers from both altitudes. Sample collections were done
for the most frequently selected trees and shrubs. Samples from different trees of the same species and location were treated as
replicates and three replicates per location were collected for each species. Samples of leave and twigs were taken at three heights
from bottom, middle and top of the plants, and pooled, air dried, ground with the use of Whilley mill and stored in air tight plastic

container until needed for chemical analysis.

Statistical Analysis

Qualitative data were analyzed using descriptive statistics. Testing for the relationships between farmers” assessment of IFTS feed
value scores and the relative assessments obtained from laboratory-based chemical analysis, Spearman’s rank correlation analysis
was performed independently for each agro-ecology using the General Linear Model (GLM) in SPSS version 20. A two-way analysis
of variance was carried out to see mean differences between altitudes, fodder trees and shrubs and their interaction for biomass

yield, farmers feed preference score values and chemical analyses.

The statistical model used for analysis of variance was the following;:

Yijk =+ ai + Bj + () ijk + eijk

Where,

Yijk= Response variables (estimated yield, chemical composition, farmers’ selection scores for IFTS)
p = overall mean

ad = altitude effect

Bj = effect of ith types of plant nature (trees vs shrubs)

(ap)ij = the interaction effect between the altitude and plant type

eijk = random error

3. RESULT AND DISCUSSION

Common Indigenous Fodder Trees and Shrubs (IFTS)

The list of fodder trees and shrubs selected by many of the respondents is presented in Table 1. About 80% of the listed IFTS were
common in both agro-ecologies; whereas the remaining 20% (Ficus palmata and Gardenia ternifolia) were common only in the
lowland altitude and not stated as common animal feed in the mid-land agro-ecology. The former shrub was particularly of a
riverine type that grows following the Gibe River basin remained to be a dominant browse for cattle during the severe dry season of
the year.

Five browse tree and three shrub species were common in both altitudes, but differ in the extent of availability. For example,
Cordia africana was more common in the lowland agro-ecology, while Carissa edulis and Acanthus polystachyus were relatively widely
available in the mid-land altitudes of the study area. The number of respondents indicating the browse species as animal feed
varied widely. Cordia africana was selected by all (100%) respondents of the lowland altitude while; Stereospermun kunthianum was
selected only by 31.3% of the respondents of the same agro-ecology. Vernonia amygdalina was selected by 100% of the respondents
of the mid-altitude, while Ficus vasta was picked up only by 34.3% of the respondents of mid- altitude. In the present study, Albizzia
schimperiana was less frequently listed as animal feed in both agro-ecologies and 15.6% of the lowland and 20% of the mid-land
respondents. The result elucidated that this browse species was comparatively less palatable and less visited. The difference in the
frequency of selecting the browse species as livestock feed might be associated with the difference in availability, palatability and
accessibility.

As indicated in Table 1, the results obtained tends to indicate that the use of diverse browse species as livestock feed seems to be

low in the study area, mainly due to the continuous and indiscriminate clearing of the browse species for the expansion of
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cultivated farmland, which might have ultimately resulted in the disappearance of most palatable species. For example, Carissa
edulis and Acanthus polystachyus were among the known browse shrubs known for their palatability and popularity in utilization as
feeds; unfortunately subjected to vanishing due to expansion of arable lands. Similar observations were reported from Horro and
Guduru districts (Kassahun, 2016) and the results of the current study is inconsistent with that of Yisehak and Geert (2013) who
reported an extensive use of fodder trees and shrubs in the lowland areas of the country. In addition to the use for livestock feeding,
the listed fodder trees and shrubs have multiple uses like fire wood, construction (housing, fence etc.), furniture, shade and
packaging (cord) as in the case of Ficus palmate (Table 1). Furthermore, Vernonia amygdalina has additional advantage of having
medicinal value and reported to have been used in the treatment of gastric burn. The results of this study is in agreement with that
of Yisehak and Geert, (2013); Kassahun, (2016), who reported a diverse traditional uses of indigenous trees and shrubs in different

of parts of the country.

Table 1. List of important trees and shrub species known as livestock feeds in the study area

Vernacular o . selected % of respondents
Scientific name Family name Partsused  Uses

Name by LL ML
Waddeessa Cordia Africana Bignoniaceae L &M 100 25 L+F 1,2,3,5,6,7
Eebicha Vernonia amygdalina Asteraceae L&M 96.8 100 L+P 1,2,3,4,6,
Luugoo Ficus palmate Moraceae LL 78.1 - L+P 1,2,3,,6,8
Laaftoo Acacia abyssinica Fabaceae L&M 37.5 65.6 L+P 1,2,3,5,6
Botoroo Stereospermum kunthianum Bignoniaceae L&M 31.3 219 L 1,2,3,6
Qilxuu Ficus vasta Moraceae L&M 70.3 34.4 L+F 1,2,3,6
Agamsa Carissa edulis Apocynaceae L&M 32.8 46.9 L+F 1,2,3,
Kosorruu Acanthus polystachyus Achantaceae L&M 37.5 43.8 L+pP 1,23
Gambeela Gardenia ternifolia Rubiaceae LL 21.9 - L+P 1,2,3,6
Mukarbaa Albizzias chimperiana Leguminosae L&M 28.1 31.3 L+P 1,2,3,5,6

L&M = used in the low and mid altitude area, LL = mostly in lowland, L=leaf, P=pod, F=fruit, 1=feed, 2=construction, 3=firewood, 4=

medicine, 5=charcoal, 6= shade.7=furniture, 8=packing (cord)

Farmers’ Preferable Trait Scores for IFTS

The result of score rates given to each species of IFTS according to the traits is presented in Table 2. The traits (parameters) targeted
to rate IFTS by farmers in the ranking exercise for each of the desired attributes were feed value, biomass, ever greenness and
potential to re-grow after defoliation, multiple uses and compatibility with other crops. Significant difference (P<0.001) was
observed for all the scores of selected traits of the browse species in both low and mid-lands of the study area. The results obtained
revealed that the mean subjective score attributes assigned to feed values of the selected browse species was 3.2and 3.1 for the
lowland and mid-land agro-ecology, respectively. The mean values obtained ranged between 2.1 and 3.7 in the lowlands and 2.2
and 3.6 in mid altitude. Significantly (P<0.001) lower value of 2.1 and 2.2 score was recorded for Albizzia schimperiana in the low and
midland, respectively. On the other side, significantly (P<0.001) higher score 3.7 and 3.6 value were recorded for Vernonia amygdalina
in the low and mid-land, respectively. The scores of this trait were similar (P>0.05) between the two altitudes of the study area. This
may reflect that farmers’ indigenous knowledge and experience in categorizing the IFTS in terms of feeding (nutritional) value was
similar across altitudes; may be due to wider chance of sharing experiences on the utilization of these feed resources. In fact, the
availability of most of the selected browses in both altitudes might probably be another contributing factor for the similarity of the
observed scores of this trait. Similar trends of farmers” native knowledge in categorizing feed value of browses to the present study
were previously reported for the northern and southern parts of Ethiopia (Abebe et al., 2008; Yisehak and Geert, 2013).

The average score biomass (amount of edible parts: leaf, twigs, pods and fruits) of the selected browse species of the lowland
was 2.6 ranging from 2.3 for Stereospermum kunthianum and Gardenia ternifolia to 3.4 recorded for Cordia africana. Similarly, the
average subjective biomass score attributes in the mid-land was 2.6 within a range of 2.2-3.2 for Stereospermum kunthianum and
Cordia africana, respectively. Respondents associated the biomass yield of browse species with size and abundance of browse trees
and shrubs. For example Cordia africana is among trees that grows larger and faster producing large biomass despite its leaf
shedding property for few weeks. From the point of view of the respondents, the issue of accessibility of the whole or edible plant
part is the factor determining the biomass obtained from the plants. The overall biomass score attribute recorded for browse trees
was higher (P<0.01) than those recorded for browse shrubs (Table 3).
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The results of growth, re-growth and ever-greenness traits of selected species are presented in Table 2. The result of the current
study showed that there was significant (P<0.01) difference among the selected browse species in these parameters. The mean
greenness and regrowth potential value of 3.1 was documented for the selected browse species in the lowland within a range of 2.3-
3.7 recorded for Vernonia amygdalina and Ficus palmata, respectively. Similarly, the mean greenness and regrowth potential of 3.0
was obtained from the selected browse species in mid-altitude ranging between 2.4-3.5 score for Vernonia amygdalina and Albizzia
schimperiana, respectively. There was no significant (P<0.05) difference between the agro-ecologies in the overall average growth, re-
growth and ever-greenness. In both agro-ecologies of the current study areas, the growth and re-growth/greenness potential values
was significantly (P<0.05) higher for browse trees than browse shrubs (Table 3).The results suggested that except for a riverine
shrub Ficus palmata, most of other browse shrubs suffer from dry weather and become less capable of regenerating thereby
appearing less green than most of the browse trees which could relatively withstand high temperature and evapo-transpiration,
and remain relatively green. This might be attributed to the long root of browse trees capable of going deep into the ground,
withdraw and store water better than shrubs. In addition, broad leaved trees like Ficus vasta have waxy leaves that conserve water

and maintain greenness during the dry season.

Table 2. Scores of different traits of IFTS by farmers of low and mid-land (scorel=low; score 4=high)

Ev/ greenness

Species Feed value Biomass Multiple use ~ Compatibility
& re-growth
Lowland
Cordia Africana 3.5b 3.42 2.8¢ 3.8 1.6°
Vernonia amygdalina 3.72 2.8¢ 2.34 2.8¢ 1.5°
Ficus palmate 3.4b 2.7¢ 3.72 3.14 1.3¢
Acacia abyssinica 3.4b 2.54 3.5 3.3¢ 222
Stereospermum kunthianum 2.9¢ 2.3¢ 2.9¢ 2.4t 1.4bc
Ficusvasta 3.0 2.6¢ 3.1b 3.14 1.4b¢
Carissa edulis 3.4b 2.44 3.5° 2.3f 1.5°
Acanthus polystachyus 3.5b 2.44 2.9¢ 2.28 1.3¢
Gardenia ternifolia 2.9¢ 2.3¢ 3.0¢ 2.4f 1.50
Albizziaschimperiana 2.14 3.0v 3.6° 3.5b 2.12
Mean 3.2+0.19 2.6+0.11 3.1+0.14 2.9+0.17 1.6+0.10
ot ot ot - -
Mid-land
Cordia Africana 3.2¢ 3.2a 2.7¢ 3.72 1.5¢
Vernonia amygdalina 3.6° 2.9v 2.4d 2.9¢ 1.6
Acacia abyssinica 3.3bc 2.6¢ 3.42 3.2v 2.32
Stereospermum kunthianum 2.94 2.2d 2.9v 2.44 1.5«
Ficusvasta 2.84 2.5¢ 3.0° 3.0 1.34
Carissa edulis 3.4b 2.3d 3.5 2.2¢ 1.44
Acanthus polystachyus 3.4° 2.34 2.8b¢ 2.1¢ 1.44
Albizziaschimperiana 2.2d 2.9v 3.52 3.6 2.1b
Mean 3.1+0.09 2.6+0.07 3.0+0.08 2.9+0.12 1.7+0.06
Significance L L L L *3%
LL VSML NS NS NS NS NS

LL =Lowland, ML=mid -land, * =P<0.05, **=P<0.01, **=P<0.001 Means within the same column with different superscripts are
significantly different (P<0.05).
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Table 3. Summary of the effect of altitude on subjective scores of selection characteristics for IFTS for the low and mid-land areas

(score 1=low; score 4=high)

. . Lowland Mid-land
Selection traits Mean
Trees Shrubs Trees Shrubs Agro  TvsS  Agro*Type

Feed value 3.0+0.15 3.4+0.16 2.9+0.16 3.5+0.19 3.1 NS ** NS
Biomass 2.8+0.15 2.5+0.16 2.7+0.17 2.5+0.19 2.6 NS ** NS
Regrow/greenness 3.2+0.16 3.0+0.17 3.1+0.16 2.9+0.2 3.1 NS * NS
Multiple use 3.2+0.18 2.6+0.18 3.2+0.2 2.4+0.2 2.9 NS ** NS
Compatibility 1.7+0.1 1.4+0.12 1.7+0.1 1.5+0.12 1.6 NS * NS

* =P <0.01, *=P<0.05, NS = non-significant, T= tree, S= shrub

The results of the multiple use score is also presented in Table 2. There was significant (P<0.01) difference between the selected
browse species in multiple use values in both agro-ecologies. Mean multiple use value 2.9 score was recorded from lowland agro-
ecology within a range of 2.2-3.8 documented for Acanthus polystachyus and Cordia africana, respectively. Similarly, the mean
multiple use score 2.9 was documented for midland agro-ecology within a range between 2.1-3.7 recorded for Acanthus polystachyus
and Cordia africana, respectively. There was no overall mean significant (P>0.01) difference in multiple use and score value recorded
among the two agro-ecologies. On the contrary, a multiple use scores values recorded for the tree species was significantly (P<0.01)
outweighed that of shrub species. This might be because of the many uses of tree species for purposes like construction, livestock
housing and crops shade; timber for various expensive household furniture and other purposes.

The highest compatibility score value of 2.2 and 2.3 was recorded for Acacia abyssinica in the lowland and mid-land, respectively.
On the contrary, the lowest score value of 1.3 was recorded for both Acanthus polystachyus and Ficus palmate in the lowland. The
same score (1.3) was recorded for Ficus vasta in the mid-land agro-ecology. The results of the current study indicated that the
compatibility scorevalues obtained are below the average for most of the species in both altitudes. However, there was significant
(P<0.01) difference between the tree and shrub species in both agro-ecologies. Similar results were reported earlier for these
parameters of fodder trees and shrubs (Abebeet al., 2008; Yisehak and Geert, 2013; Kassahun, 2016). In conclusion, farmers’
indigenous knowledge in valuing the traits was fairly exploited and the importance of the browse species as a feed resource (feed
value trait) in both altitudes is mostly limited to the dry season of the year.This account is similar with reported results of the study

conducted in Horro-Guduru areas of Ethiopia (Kassahun, 2016).

Potential Nutritive Value of the Selected IFTS

The results of the laboratory chemical analysis ofthe selected IFTS are presented in Tables4, 5 and 6. The overall average DM
content of the selected browse species was 95.2%. This value is close to the values reported by Beyene et al. (2010) and Megersa et al.
(2017) who reported 95.4 in Asossa Zone and 93.52% in Gambella Peoples Regional State, respectively. It is however, slightly higher
than the 91.4% reported by Kassahun (2016) in Horro-Guduru Wellega, and the 90.3% value reported by Shenkute et al. (2012). The
variations in dry matter observed might be linked to the differences in times of sampling, species of plants, and stage of harvest
(Gworgwor et al., 2006).

The mean total ash content of browse species of the lowland was 9.4% with a range of 5.1-15% recorded for Albizzia schimperiana
and Ficus palmate, respectively (Table 4). Likewise, the mean total ash content of browse species of the mid altitude was 9.9% with
range of 7.5-13.6% recorded for Albizzia schimperiana and Vernonia amygdalina, respectively. There was significant (P<0.001)
difference in total ash content among the selected browse species in both study altitudes. There was no significant (P>0.05)
difference between the two agro-ecologies in mean total ash content; whereas there were wide variation (P<0.01) between trees and
shrubs in mean total ash content, the values of which was higher for shrubs (Table 6). The difference in mean total ash observed
among species may be associated with the difference in efficiency of individual species to absorb and retain minerals from the soil.
It might also be due to type of the soil they were growing on. The mean total ash content of the selected browse species (9.7%)
obtained from the current study is within the range of 8.39-14.11% of ash content of browse species reported from for Wolayita
Zone (Takele et al., 2014) and close to mean total ash content of 10.8% reported for IFTS harvested from Borena rangeland (Aster et
al., 2012). A mean total ash content of 9.62% was reported for the browses sampled from Gambella by Megersa et al. (2017). The
mean total ash content obtained in the current study was less than 13.6 % reported by Kassahun (2016). The results of the current
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study was in line with that of Muluken et al. (2015) who reported mean total ash content of 7-13% for IFTS in the Northeastern dry
regions of Ethiopia.

Crude protein content plays a leading role in determining the feeding value of fodder, though ADF, polyphenols like lignin and
tannin contents mayimpair its availability to the animal through lignification’s (Raj, 2006). The CP content varied significantly
(P<0.001) between 8.6% (Carissa edulis) and 26.6% (Acanthus polystachyus) in the lowland with mean value of 17.5% (Table 4).
Similarly, the CP content of the selected browse in the mid altitude, varied significantly (P<0.001) between 9.4% (Carissa edulis) and
26.9% (Acanthus polystachyus) with average value of 18.3%. The effect of altitude on the CP content of the browse species is shown in
Table 6.The result shows that there was no significant (P>0.05) difference in mean CP contents of the selected species attributed to
agro-ecology. On the contrary the CP content of the browse shrubs were significantly (P<0.05) higher than that of browse trees. The
higher CP content of the shrubs might be attributed to their location close to rivers, bearing adequate leaves and appearing green
even during the dry season of the year, which in turn is associated with better CP content. On the other hand, the selected trees
were broad leaved and located at a distance from the rivers (moisture) and subjected to partial drying and leaf shedding which in

turn might resulted in lower CP content.

Table 4 Chemical composition of the leaves of selected browse species from the lowland

. Composition (% DM)

List of IFTS DM Ash __ CP NDF___ ADF____ ADL __ EE T

Cordia Africana 97.3 8.9¢ 17.5¢ 80.32 43.84d 19.9f 2.4¢ 4.04
Vernonia amygdalina 97.3 124> 2530 49.3h 26.4i 22.1¢ 2.84 8.82
Ficus palmate 96.8 15.00  18.6¢ 56.6¢ 44.9¢ 31.5v 2.1¢ 3.94
Acacia abyssinica 97 .4 9.44 21.9¢ 68.4° 51.4> 12.5n 3.8° 7.1°
Stereospermum kunthianum 97.0 8.2¢ 13.9¢ 55.0f 40.8¢ 26.14 2.94 6.6¢
Ficus vasta 96.7 8.7¢ 11.8n 57.9d 35.58 20.3f 2.4e 3.84
Carissa edulis 96.8 6.2f 8.61 52.1g 26.0i 9.4i 8.9a 7.3b
Acanthus polystachyus 93.9 114 26.6° 62.0c 39.4f 29.1¢ 3.4¢ 6.4
Gardenia ternifolia 95.1 8.9¢ 13.38 63.0c 54.92 32.29 2.1¢ 8.6°
Albizzia schimperiana 97.8 5.18 17 4¢ 41.0f 29.7i 16.58 1.4f 7.8°
Mean 96.6 9.4 17.49 58.6 43.1 21.8 3.2 6.4

SE 0.31 0.03 0.99 0.07 0.025 0.033 0.019 0.13
Slg. * Exatd Exatd Exatd Eat Exatd Eat %%

Means within the same column with different superscripts are significantly different (P<0.05) DM= dry matter; CP = crude protein;
NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent lignin; TT = Total tannin; * = P<0.05; ** P<0.01;
*#*=P<0.001; NS = non-significant

Table 5 Chemical composition of the leaves of selected browse species from the mid-altitude

List of IFTS

DM Ash cp NDF ADF ADL  EE TT
Cordia Africana 952 9.8d 17.94 7242 38.22 17.2¢  2.6° 3.64
Vernonia amygdalina 94.92 13.62 25.8b 41.58 22.68 15.0¢  3.0d 8.37
Acacia abyssinica 94.5> 10.2¢ 22.3¢ 62.9° 31.4° 10.18  3.3c 6.9v
Stereospermum kunthianum 94.8>  9.7d 14.2¢ 51.74 27.34 185 3.1 6.2¢
Ficusvasta 93.8< 9.3 12.1f 49.9¢ 25.4¢ 13.1f  2.5¢ 3.74
Carissa edulis 94.2¢ 8.0f 9.48 47.6f 24.7* 9.1h 7.6 6.5¢
Acanthus polystachyus 9244 10.8° 26.92 56.0¢ 28.1¢ 1812 3.7° 6.1¢
Albizziaschimperiana 95.3= 7.5 18.0¢ 39.7h 28.3¢ 1584 1.9f 7.3b
Mean 94.4 9.9 18.3 52.7 28.2 14.6 3.4 6.1¢
SE 0.031  0.019 1.2 0.012 0.022 0.013  0.016 0.15
Sig. - - ot - - - - .

Means within the same column with different superscripts are significantly different (P<0.05) DM= dry matter; CP = crude protein;
NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent lignin; TT = Total tannin; * = P<0.05; ** P<0.01; NS =

non-significant
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Table 6. Nutritive value analysis of selected IFTS in the low and mid-land

. Lowland Mid altitude .
Composition Trees Shrubs Trees Shrubs Mean Agro Type Agro*Type
DM% 97.2+0.039 95.9+0.047 94.7+0.21 93.8+0.27 952  ** ** NS
Ash% 8.1+0.052 10.8+0.039 9.3+0.43 10.8+0.56 9.7 NS ** NS
CP% 16.5+0.72 18.44+0.84 16.9+0.76 20.7+0.91 179 NS * NS
NDF% 60.1+0.11 56.6+0.069 55.3+2.56 48.3+3.35 56.0  ** * NS
ADF% 40.2+0.033 41.1+0.039 30.1+£1.03 25.1+1.32 354 NS NS
ADL% 19.1+0.039 26.5+0.053 14.9+0.88 14.0+1.15 19.7  *** ** NS
EE 2.6+0.031 3.9+0.023 2.7+0.35 4.8+0.45 3.3 NS o NS
TT% 5.9+0.82 7.0£0.79 5.5+0.71 6.9+0.92 6.3 NS NS NS

DM= dry matter; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL =acid detergent lignin; EE, =
ether extract (crude fat); TT = total tannin; * = P<0.05, ** P<0.01; ***=P<0.001

Le Houérou (1980) indicated that tree species have the ability to remain green for a longer period due to their deep root systems
that enable them to draw water and nutrients from deep in the soil profile, which contributes positively to the CP content of the
foliage. The results of the current study was contrary to that of Kassahun (2016) who reported browse trees contain better CP than
browse shrubs. The overall mean CP content of 17.9%, reported from the current study is consistent with many studies and falls in
the ranges of 10.98-21.08% reported for selected IFTS of Bale rangeland (Aster et al., 2012); 10.8-21.08% and Gibe valley (Yisehak
and Geert, 2013). The current results were also in agreement with that of Kassahun, (2016), who reported CP content of 8.1-22.2% of
IFTS collected from Horro-Guduru District of Wellega. Crude protein content of 18.6-24.4% was reported by Aynalem and Taye
(2008) from south western Ethiopia. Shenkute et al. (2012) also reported close values from the mid- rift valley of Ethiopia. The crude
protein content recorded from the current study was slightly higher than that of Megersa ef al. (2017) who reported that no single
browse species contained >20% CP among the browse species sampled from Gambella. However, the CP obtained from the
present study well complies with the earlier conclusions that indicated most of the browse trees and shrubs contain more than 10%
crude protein (Dicko and Sikena, 1992).

According to Sampaio et al. (2010), increasing the dietary CP concentration close to 8 - 10% of DM was found to optimize the use
of low-quality tropical forages by rumen microbes, leading to sufficient forage intake. Ranjhnan (2001), also showed that intake of
forages is limited when CP content is less than 10%, and at CP content of < 6.5% results in drop of forage intake; whereas at CP
content of 13%, the rumen microbes were found to establish well. Luckily enough, the overall average CP content of all IFTS
considered in the current study was higher than the minimum CP required for optimum rumen bacteria. This seems to qualify the
possibility of using locally available IFTS as an alternative plant protein sources to improve the nutritive values of poor quality
feed resource during the dry season. According to Raj and Kumar (2006), and Kazemi et al. (2012), feeds containing > 20% CP are
valued as feed of high quality standard and those with CP content of <8% are considered to be of poorer quality. The mean CP
content of selected browse species like Acanthus polystachyus, V. amygdalina, Acacia abyssinica and Ficus palmata is higher than 19%.

The mean NDF content of the selected species of the lowland altitude was 58.6% with a range of 41.0- 80.3% forAlbizzia
schimperiana and Cordia Africana respectively. The mean NDF content of the selected IFTS of the mid altitude was 52.7% with a range
of 39.7-72.4% for Albizzia schimperiana and Cordia Africana, respectively. The Mean ADF content of the IFTS collected from the
lowland and mid-altitude was43.1 and 28.2%, respectively. It ranges from 26.0% (Carissa edulis) to 54.9% (Gardenia ternifolia) in the
lowland; and from 22.6% (Vernonia amygdalina) to 38.2% (Cordia Africana) in the mid-land altitude. The average ADL content of the
selected IFTS was 21.8% for the lowland and 14.6% for the mid-land.The mean ADL content of the selected IFTS ranges from 9.4%
(Carissa edulis) to 32.2 %(Gardenia ternifolia) in the lowland; while it ranges from 9.1% (Carissa edulis) to 18.5% (Stereospermum
kunthianum) in the mid-altitude. The fiber fraction of forages plays an important physiological and physical role in livestock feeding.
It is the major source of energy and stimulates rumen function (Graham and Aman, 1991). It was reported that forage quality
depends on the type and composition of fibers in the feed (Van Soest, 1994). Both the in the agro-ecologies and types of browse
species significantly (P<0.05) influenced the fiber content (NDF) of the browse species in this study. Relatively higher NDF and ADF
contents were recorded for the browse species selected from the lowland. Similarly relatively higher NDF and ADF content were
recorded for browse trees than from browse shrubs in both low and midland (P<0.01). The concentration of ADL was higher for
browse shrubs than for trees in the low land, but comparable for trees and shrubs in the mid-land.

The mean 56, 35.4 and 19.7% of NDF, ADF and ADL was recorded from the current study, respectively, the values of which
were in agreement with that of Megersa et al. (2017) who reported 56.4 and 37.7% of NDF and ADF respectively from selected IFTS

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page]. 04


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500983/#B31

DISCOVERY | RESEARCH ARTICLE

in Gambella. The same source indicated that the NDF values obtained from the selected browse species of Gambella fall in between
43.5% (A. leiocarpus) and 87.0% (G. tenax). Shenkute et al. (2012) reported close values of ADF and ADL to that of the current study.
The fiber components of the present study are higher than that of Aster ef al., 2012; Muluken et al., 2015 and Kassahun, 2016) and
lower than 61.7% NDF and 41.7% ADF reported by Diriba et al., (2013). However, the mean ADL content recorded from the current
study was higher than 9.9% reported by the latter source.

Variations in fiber contents may be associated with species difference and the environment, where the browse species grow. As
stated by Norton (1994), forages with relatively lower NDF content (20-35%) are commonly categorized as forages of high
digestibility. Since the mean NDF contents of the selected browses of this study were beyond the specified range (moderate), they
may not be superior in digestibility, but could fairly be categorized under as moderately digestible. On the other hand, Kellems and
Church (1998) concluded that roughages with less than 40% ADF are categorized as of high quality feeds; and those with greater
than 40% as poor quality. Even, in case the forages contain lower than 31%, they can be regarded as superior quality (Kazemi et al.,
2012). Therefore, with reference to ADF content, many of the selected browse species particularly those from the mid altitude fall
within the category of <40%. The ADL portion, known to be resistant to digestion, forms complexes with the cellulose and hemi-
cellulose fractions and hinders exposure of these fairly digestible cell wall components to microbial enzymes. In similar studies, Raj
and Kumar (2006) demonstrated that forages with ADL content of less than 10% are categorized as quality, 10-19% as moderate and
more than 20 % as low quality ones. According to the result of this study, about 40% of the selected browse species of the lowland
altitude could be categorized as moderate quality, whereas all the selected species of the mid-altitude (exception Carissa edulis),
could characteristically fall within quality forage.

The average tannin content of the selected browse species was 6.4% with a range of 3.8-8.8% recorded for Ficus vasta and V.
amygdalina in the lowland respectively. The mean tannin content of the mid-land selected browse species was 6.1% with a range of
3.6-8.3% recorded for C. Africana and V. amygdalina, respectively. The browse species varied significantly (P<0.001) in their tannin
content in both altitudes. Yet, the tannin content of browse trees was not significantly (P>0.05) different from browse shrubs; also
with no significant influence of altitude. The overall mean tannin content of the browse species obtained from the current study
(6.3%) is slightly higher than the report of Yisehak and Geert (2013) and close to the value reported by Kassahun (2016) who
reported 2.8 and 5.8% from Gibe basin and Horo Guduru, respectively. Such differences may result from differences in plant
species, temperature, moisture and light as it was stated that high temperatures, water stress, extreme light intensities and poor soil
quality increase the tannin content of plants (Rhoades, 1979; Van Soest, 1994). Tannin content also depends on the edible plant
parts. For example, tannins are more abundant in new leaves and flowers (which are more likely to be eaten by herbivores (Van
Soest, 1994; Alvarez del Pino et al., 2001).

As per previous investigations, It would appear that the consumption of plant species with high CT contents ( > 50 g kg-1 of
DM), significantly reduces voluntary feed intake and depress performance, while medium or low consumption (< 50 g kg-1 DM)
seems not to affect feed consumption (Barry and Manley, 1984; Waghorn ef al., 1994a). A reduction in palatability could be caused
through a reaction between the tannins and the salivary mucoproteins, or through a direct reaction with the taste receptors,
provoking an astringent sensation (Mc Leod, 1974). Normally, up to 90g kg tannin is safe for goats. According to the results of the
current study, the tannin content of all the analyzed species is below 9%, indicating that they are suitable for supplementary feeding
in the diet of goats. The common and widely available species like C. africana and F. palmata, contain less than 5% tannin showing
they could contribute towards supplementing sheep and cattle feeds. The tannin content recorded for most browse species in the
current study is not too far from the optimum value recommended and may not as such reflect deleterious effect on the
performance of ruminant animals. Tannin may also play useful role by altering site of digestion of (increasing bypass) protein
enhancing protein availability in the lower gut of ruminants (Mueller, 2005).

The results of this study indicated a considerable variation in nutrient composition of the IFTS studied. There was significant
(P<0.01) difference between the browse species in mean ash, CP, NDF, ADF, ADL and total tannin contents, in both low and mid-
land agro ecologies. The variation in chemical composition may be associated with species, plant part, stage of maturity, climate
(temperature, precipitation) and soil conditions (Solomon, 2001; Aster et al., 2012). The concentration of the fiber (NDF and ADF)
and crude protein in the most edible parts of the indigenous fodder trees and shrubs shows that these plants are potential feed

resources for ruminant animals.

Association of Farmers’ Perception of Feed Value & Laboratory Analytical Data

The results of the correlation between laboratory analytical data and farmers’ perception of nutritive value are presented in Table 7.
The comparison mainly considered crude protein, fibers (NDF, ADF and ADL) and tannin contents of each species of IFTS studied
to describe fodder quality (Abebe et al., 2008). The correlations between farmers feed value score and laboratory CP values were
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positive in both agro ecologies. The correlation result was positive and strong (r=0.62; P<0.05) in the lowland and (r=39; P<0.05) in
mid altitude with farmers’ feed value score. The overall farmers’ feed value score displayed strong and significant (r=0.60; P<0.05)
correlation with laboratory CP content. The positive relationship of farmers’ feed value score with the CP content of IFTS in both
agro-ecologies indicates that farmers use their indigenous knowledge in the identification of IFTS with good CP content and

supplement animal diets during those dry seasons when the quality and quantity of feeds drop.

Table 7. Correlation between farmers' feed value scores and individual laboratory indicators of nutritive value

. Farmers feed Laboratory parameters
Altitude
value score CP NDF ADF ADL Tannin
Lowland 1 0.62" 0.24 0.06 0.08 -0.08
Mid altitude 1 0.39" 0.10 -0.41 -0.23 0.14
Overall 1 0.60 0.23 0.03 0.07 -0.04
*Significant at P<0.05

Farmers feed value ranking score assigned to browse species displayed positive correlation (r=0.23; P>0.05) with NDF content in
both altitudes. Mean ADF content of selected browse species was positively but weakly correlated with farmers’ perception of feed
value score in the lowland, but negatively correlated in mid-altitude. The correlations recorded in both altitudes were not
significant (P>0.05). The ADL content of the selected species showed positive correlation (P>0.05) with farmers perception of feed
value score for the lowland while it was negative in the mid-land (P>0.05). Tannin content showed negative correlation with
perception of farmers feed value score in the lowland and positive in the midland both of which were non-significant (P>0.05). The
correlation analysis may show that as farmer’s perception of feed value score increases, the fiber content (mainly ADF and ADL) of
the selected species somehow showed decreasing trend. This indicates farmers’ traditional observation is consistent with the
laboratory result and follows the general principles that fiber is often used as a negative index of nutritive value in predicting the
total digestible nutrient (TDN) and net energy (Van Soest, 1988).

Feeding Systems of Fodder Trees and Shrubs

The results of the study conducted on feeding system of IFTS are presented in Table 8. The results obtained showed that, the parts
utilized, methods and styles of feeding browse plants were similar in both low and mid-lands. In the lowland, the practice of
feeding both leaves and pods/fruits is common and this was reported to have been practiced by all the respondents. In the mid-
altitude, feeding both leaves and pods/fruits was indicated by 74.3% of the respondents. About 90.9% of the respondents of the
study areas were reported to feed both leaves and pods to their animals. About 25.7% of the mid-altitude reported to rely on
feeding of the leaves alone. No respondent of both agro-ecologies, reported to have used pods exclusively in feeding. The full
utilization of both leaves and pods/fruits at a time seems to be higher for the lowland than the mid-altitude; mainly due to species
like Ficus pamata and Cordia Africana which adequately bear edible fruits/pods are common in the lowland than in the mid-altitude.
However, because of availability and better palatability, leaves are the most important browse partsutilized most. This trend is in
agreement with the results of the previous studies conducted by Hassen et al. (2010) and Jamala ef al. ( 2013) who observed that
parts of the browse species utilized by livestock were leaves, pods, twigs and flowers out of which leaves were the plant parts
mostly utilized by livestock. Fodder is harvested in the natural environments through selective cutting of edible parts, pruning of
shrubs and trees which are suitable for livestock and pollarding of tree crowns. Similar observation was reported by Osemeobo
(2006).In contrast to the current finding, good experience of drying tree and shrub leaves and storing as hay for dry season feeding
was reported in Nigeria (Jamala et al., 2013).

Table 8. Plant parts used, feeding mode and forms of indigenous fodder trees and shrubs

Activities Lowland N (%) Mid -land N (%) Overall N (%)
A. parts used

leaf alone - 9 (25.7) 99.1)

Pods alone - - -

Both leaves and pods 64 (100.0) 26 (74.3) 90 (90.9)
B. Methods of feeding

Partial drying(wilting) 2(3.1) 2(5.7) 4(4.0)
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Supplying fresh 62 (96.8) 33(94.3) 95(95.9)
Complete drying - - -

C. Feeding styles
Mixed with other feeds 12 (18.7) 7 (20.0) 19 (19.2)
Sole 52 (81.3) 25 (71.4) 77 (77.8)
Both - 3(8.6) 3 (3.0)

N =number of respondents

While IFTS are mostly fed fresh without treatment, some of these plants may contain anti-nutritional factors; and Rhamchandra
et al. (2019) indicated that the effect of anti-nutritional compounds could be reduced by wilting or drying or mixing of the edible
parts with other feedsat feeding. Only 3.1% of the lowland and 5.7% of the mid-land respondents reported to have the experience
of wilting leaves and pods of IFTS before feeding. About 96.8 and 94.3% of the lowland and mid-land respondents respectively,
reported to have used these plant materials as fresh as possible without treatment. There was no experience of drying and
conserving of feed resources in both low and mid-land. About 18.7 % (lowland) and 20.0% of the mid-land respondents reported
that they mix the fodders with other feeds prior to feeding. In recent study, it was observed that parts of the browse species utilized
by livestock (ruminants) were leaves, pods, twigs and flowers. In all browses, leaves were the plant parts mostly utilized by
livestock because of abundance and palatability. However, other sources indicated that tannin-rich leaves could safely be fed to
livestock combined with other feeds like concentrates because of their high tannin content (Raghavan, 1990; Alagbe et al. 2020).

Generally, the importance of browse species increases with increasing aridity and feed shortage, during dry seasons. This is in
line with Jamala ef al. (2013) and; Megersa ef al. (2017), who additionally reported that the browses are important for goats during
both wet and dry seasons. The use of these feed resources for cattle and sheep is limited almost to the dry season when grasses dry
out and drop in quality and quantity. Similar observation was reported by Dicko and Sikena (1992), who indicated that fodder trees
and shrubs supply goats and camels with the bulk of their nutrient requirement and complement the diet of cattle and sheep with

protein, vitamins and minerals in which most of the crop residue are deficient during the dry season.

4. CONCLUSION

The assessment made on indigenous fodder trees and shrubs (IFTS) has exploited the native knowledge of farmers in setting
multiples of preference criteria besides the use of the species for livestock feeding. The selected IFTS have multiples of uses in
addition to their feed value. Although trees are able in maintaining greenness throughout the dry season and hence, capable of
supporting livestock feeding, shrubs which grow following riverbanks also appear green during the dry season too and therefore,
they were equally important as fodder trees. Because of their long root to enable them draw water deep from the ground, and since
some broad leaved trees also have waxy leaves to conserve moisture to stay green; trees were found better in score values of
biomass and greenness than shrubs.

The correlation between the farmers” native knowledge and laboratory analysis appears to be promising to combine it in a
comprehensive approach of assessing and selecting, and adopting the fodder species of particularly multiple advantages that well
satisfy the interests of the people in the area. The experience of drying and storing the edible parts of the browses for times of feed
shortage was poor. Therefore, it could be suggested that the practice of fodder conservation needs to be promoted, and this would
enable livestock keepers to preserve the adequately available browses of the wet season for the dearth period of the year which

might also enable researchers to evaluate these feed resources on animal performance.

Funding
This study has not received any external funding.

Conflicts of interests

The authors declare that there are no conflicts of interests.

Data and materials availability
All data associated with this study are present in the paper.

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page107



DISCOVERY | RESEARCH ARTICLE

REFERENCES AND NOTES

1. Abebe M, Oosting SJ, Fernandez- RS, Van der Zijpp AJ
(2008). Multipurpose  fodder trees in the Ethiopian
highlands: Farmers preference and relationship of

10.

11.

indigenous knowledge of feed value with laboratory
indicators. Agricultural Systems 96:184-194.

Alagbe JO, Shittu MD, David AA. (2020). Albizia lebbeck stem
bark aqueous extract as alternative to antibiotic feed
additives in broiler chicks diets: performance and nutrient
retention. Drug Discovery, 14(34), 265-275

Alvarez Del Pino MC, Frutos P, Hervds G, Gémez A,
Giraldez FJ, Mantecon, AR (2001). Efecto del contenido de
taninos en la degradaciénruminal in vitro de variosérganos
de especiesarbustivas. ITEA, Prod Anim 22, 355-357

Aster Abebe, AdugnaTolera,
Adney, Lars Olav Eik, (2012).

nutritive value of some browses and grass species in Borana

QysteinHoland, Tormod

Seasonal variation in

rangeland, Southern Ethiopia. Tropical and Subtropical
Agroecosystems, 15 (2012): 261 - 271.

Aynalem Haile, Taye Tolemariam, (2008). The feed values of
indigenous multipurpose trees for sheep in Ethiopia: The
case of Vernoniaamygdalina, Buddlejapolystachya and
Maesalanceolata® Jimma University, College of Agriculture
and Veterinary Medicine, P.O. Box. 307, Jimma, Ethiopia.
International Livestock Research Institute, P.O.Box 5689,
Addis Ababa,
Research for Development.

Barry TN, Manley TR (1984). The role of condensed tannins

in the nutritional value of Lotus pedunculatus for sheep. 2.

Ethiopia a.haile@cgiar.org. Livestock

Quantitative digestion of carbohydrates and proteins. Brit |
Nutr 51, 493-504.

Beyene T, Teshome N, Ayana A (2010). Effects of farming
systems on floristic composition, yield and nutrient content
of forages at the natural pasture of Assosa zone (Western
Ethiopia). Tropical and Subtropical Agro-Ecosystems pp:
583-592.

BTDCSO (BakoTibe district Civil Service Office), (2017).
Bako-Tibe district annual report (unpublished).

CSA (Central Statistical Authority), (2015). Agricultural
sample survey agricultural sample survey livestock and
livestock characteristics (private peasant holdings), Ethiopia
CSA (Central Statistical Authority), (2016). Agricultural
sample survey. Livestock and livestock characteristics
(private peasant holdings), Ethiopia.

Daniel Wana (2018). Potential Use of Crop Residues as
Livestock Feed Resources in Ethiopia Oromia Agricultural
Research Institute, Adami Tulu Agricultural Research
Center Batu, Ziway, Ethiopia

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

.Devendra C (1991). Shrubs and tree fodders for farm

animals Proceedings of a workshop in Denpasar, Indonesia,
24-29 July 1989.

Dicko MS and Sikena LK (1992). Fodder Trees and Shrubs in
Range and Farming Systems in Dry Tropical Africa

Diriba G, M. Hailemariam, Mengistu A, Tolera A (2013).
Nutritive Value of Selected Browse and Herbaceous Forage
Legumes Adapted to Medium Altitude Subhumid Areas of
Western Oromia, Ethiopia. Global Veterinaria 11 (6): 809-
816, 2013.

Eshete G (2002). An assessment of feed resources, their
management andimpact on Livestock productivity in the
Ginchi watershed area. MSc Thesis, Alemaya University,
Ethiopia p: 171.

Graham H, Aman P (1991). Nutritional aspects of dietary
fibres. Animal Feed Science and Technology. Volume 32,
Issues 1-3, Pages 143-158

Gworgwor ZA, Mbahi TF, Mbaya YP (2006). Semi-arid trees
and shrub fodders as livestock feed in North Eastern
Nigeria: A Review. Nigeria ] Agr 8: 263-271.

Hassen A, Ebro, A. Kurtu M, Treydte, AC, (2010). Livestock
feed resources utilization and management as influenced by
altitude in the Central Highlands of Ethiopia. Livestock
Research for Rural Development. Volume 22, No. 229.
September 10, 2012,
http://www Irrd.org/lrrd22/12/hass22229.htm
Jamala GY, Tarimbuka IL Moris D, Mahai S (2013). The
Scope and Potentials of Fodder Trees and Shrubs in Agro-

Retrieved from

forestry. Adamawa State College of Agriculture, Ganye,
Nigeria

Kassahun Gurmessa (2016). Feed Resources Assessment in
Horro and Guduru Districts and Noug Seed Cake
Replacement Value of Vernonia Amygdalina Leaves in the
Diet of Lactating Horro Cows, PhD Dissertation, Jimma
University, Jimma.

Kazemi M, Tahmasbi AM, Naserian. AA, Valizadeh R,
Moheghi MM (2012). Potential nutritive value of some
forage species used as ruminants feed in Iran. African
Journal of Biotechnology, 11: 12110-12117.

Kellems RO, Church DC (1998). Livestock Feeds &
Feeding.(4th edition.). Prentice-Hall, Inc., New Jersey, USA,
pp: 573

McLeod MN (1974). Plant tannins - Their role in forage
quality. NutrAbst Rev 44, 803-812.

Mengistu A, Asebe, G (2017). Nutritional
Characterization of Selected Fodder Species in Abol and

Megersa E.

Lare Districts of Gambella Region, Ethiopia, Department of

Animal Science, Gambella Agricultural, Technical and

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page108


mailto:a.haile@cgiar.org
https://www.sciencedirect.com/science/article/pii/037784019190018N#!
https://www.sciencedirect.com/science/journal/03778401
https://www.sciencedirect.com/science/journal/03778401/32/1
https://www.sciencedirect.com/science/journal/03778401/32/1

DISCOVERY | RESEARCH ARTICLE

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Vocational Training College, Department of Tropical
Animal Production and Health, College of Veterinary
Addis

Department of Animal Science, Ethiopia

Medicine and Agriculture, Ababa University,
Mesay Yami, Bedada Begna, Teklemedihin Teklewold,
(2013). Enhancing the productivity of livestock production
in highland of Ethiopia: Implication for improved on farm
feeding strategies and utilization. International Journal of
Livestock Production. 2013;1(1):015-029. D0i:10.5897/1JLP201
2.0145

Mueller HI (2005). Tannins in animal health and nutrition-
opportunities for temperate and tropical regions. In:
M.R.P. (Ed.),

Symposium on integrating livestock-crop systems to meet

Wanapat, Proceedings of International
the challenges of globalisation. 1, KhonKaen, Thailand. pp.
448-450.

Muluken G, Animut G, Assefa G, (2015).

composition and in vitro organic matter digestibility of

Chemical

major indigenous fodder trees and shrubs in Northeastern
dry lands of Ethiopia Wollo University, P.O.Box-1145,
Dessie, Ethiopiamarkosethio@yahoo.com Haramaya
University, P.O.Box-138, Diredawa, Ethiopia. Ethiopian
Institute of Agricultural Research, P.O.Box-2003, Addis
Ababa, Ethiopia

Nabarro D, Wannous C (2014). The potential contribution of
livestock to food and nutrition security: the application of
the One Health approach in livestock policy and practice.
Norton BW (1994). The nutritive value of tree legumes In:
Gutteridge, R.G. and Shelton, H.M. (eds.) Forage Tree
Legumes in Tropical Agriculture. CAB International,
Wallingford, UK, pp. 177-91

Osemeobo GJ (2006). Natural Resources Management and in
situ Plant Genetic Conservation in Nigerian Arid Zones
International Plant Genetic Resources Institute Kenya,
144pp

Preston TR (1995). Feed resources for ruminants. In:
Tropical animal feeding, A manual for research workers of
the Food and Agriculture Organization of the United
Nations Rome, 1995. ISBN 92-5-103758-2

Raghavan GV (1990). Availability and use of Shrubs and
tree fodders in India. Shrubs and Tree fodder for Farm
Animals.

Ranjhan SK (2001). Animal Nutrition in the Tropics. 5th
Revised ed. Vikas Publishing House Pvt. Ltd. Masjid Road,
jangpura, New Delhi, India

Rhamchandra R, R. Doneria, Gendley MK (2019). Anti-
nutritional Factors in Feed and Fodder used for Livestock
and Poultry Feeding. Department of Animal Nutrition,
C.V.Sc, Durg, C.G, India.

Rhoades DF (1979). Evolution of plant chemical defence

against herbivores. In: Herbivores: their interactions with

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

secondary plant metabolites (Rosenthal G.A. and Janzen
D.H., eds.). Academic Press, NY, USA, pp. 3-54.

Roothaert RL, Franzel S (2001). Farmers’ preference and use
of local fodder trees and shrubs in Kenya. Agro-forestry
systems.52: 239.

Sampaio C, Detmann B, Paulino E, Valadares MF, Filho SC,
de Souza MA, Lazzarini I, (2010). Intake and digestibility in
cattle fed low-quality tropical forage and supplemented
with nitrogenous compounds. Trop. Anim. Health Prod. 42,
1471-1479. 10.1007/s11250-010-9581-7

Shenkute B, A. Hassen, T. Assafa, N. Amen, A. Ebro (2012).
Identification and Nutritive value of potential fodder trees
and shrubs in the mid rift Valley of Ethiopia. The Journal of
Animal & Plant Sciences, 22(4): pp1126-1132

Solomon Bogale (2004). Assessment of livestock production
systems and feed resource base in SinanaDinsho District of
Bale highlands, Southeast Oromia. MSc Thesis, Haramaya
University, Haramaya, Ethiopia. 2004

SPSS  (Statistical
Versionl6.0, SPSS Inc., USA.

Takele G, Nigatu L, Animut G (2014). Invitro and In sacco
Dry Matter Degradability of Some Indigenous Multi-

Package for Social Sciences), 2006

Purpose Fodder Trees of Wolayta Zone, Southern Ethiopia.
International Journal of Livestock Research, Vol 4(2), 64-73
Tilahun A, Kirkby R (2004). Guidelines for Integration of
Legume Cover Crops into the Farming Systems of East
African Highlands. Pp 43 - 64. In: Bationo, A., 2004. 14.
Managing nutrient cycles to sustain soil fertility in Sub-
Saharan Africa. Academic science publishers. 608 pp.
Tingshuang G, Sanchez MD, Yu GP (2002). Composition,
nutritive value and upgrading of crop residues. Animal
Production Based on Crop Residues - Chinese Experiences.
FAO Animal Production and Health Paper 149. ISSN 0254-
6019.

Tolera A, Yami A, Alemu D (2012). Livestock feed resources
in Ethiopia: Challenges, Opportunities and the need for
transformation. Ethiopia Animal Feed Industry Association,
Addis Ababa, Ethiopia.

Van Soest P] (1988). Effect of Environment and Quality of
Fiber on the Nutritive Value of Crop residues. In: Reed J D,
Capper B S and Neate P ] H (eds), Plant breeding Van Soest
PJ. (ed.) (1994). Nutritional ecology of the ruminant, 2nd ed.
Cornell Univ Press. Ithaca, NY, USA.476 p.

Waghorn G.C., Shelton L.D., Mcnabb W.C., (1994a). Effects
of condensed tannins in Lotus pedunculatus on its Tannins
and ruminant nutrition 201 nutritive value for sheep. 1.
Non-nitrogenous aspects. ] AgrSci 123, 99-107.

Yamane T (1967). Statistics, An Introductory Analysis, 2nd
Ed., New York: Harper and Row.

Yayneshet T (2010). Ethiopia Sanitary & Phytosanitary
Standards and Livestock and Meat Marketing Program

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Pagel 09


mailto:markosethio@yahoo.com

DISCOVERY | RESEARCH ARTICLE

(SPS-LMM) Texas A&M University System:Feed Resources
Availability in Tigray Region, northern Ethiopia, for
Production of Export Quality Meat and Livestock.

49. Yeshitila, A., Tessema Z; Azage T (2008). Availability of
livestock feed resources in AlabaWoreda, Southern
Ethiopia. In: Proceedings of the 16th annual conference of
the Ethiopian Society of Animal Production (ESAP) held in
Addis Ababa, Ethiopia, October 8 to 10, 2008.

50. Yisehak K. and Geert J., (2013). Evaluation of nutritive value
of leaves of tropical tanniferous trees and shrubs. Livestock

Research for Rural Development 25 (2).

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page]. 10



