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Welcoming Address 

 

Your Excellency, Professor Fekadu  Beyene, State Minister, Ministry of Agriculture  

Your Excellency, Head, Amhara Livestock Resource Development Agency 

Dr. Getachew Gebru   President of ESAP   and Executive Committee Members of ESAP 

Distinguished Participants,  

Ladies and Gentlemen, 

 

It gives me great pleasure to Welcome you all to the 26th Annual Conference of the Ethiopian society of 

Animal Production (ESAP) jointly organized by Amhara Agricultural Research Institute (ARARI),  Bahir 

Dar University, and the executive committee of ESAP under the theme “Transforming the Ethiopian 

Livestock sector” 

We are delighted that so many members of ESAP  representatives of national and international livestock 

research and development institution have come to this gathering to discuss and exchange experiences on 

pertinent issues in livestock research and development in Ethiopia. We are specifically pleased and 

honored by the presence of their excellences. Despite their busy schedule with their responsibilities at 

office. 

Your Excellences Distinguished Participants’ Ladies and Gentlemen: 

This annual conference is being held at a time when all Ethiopians are creating synergy with a new spirit 

of Ethiopiansm toward constructing prosperous, mosaic and a united nation. We believe that this positive 

energy has to be wisely and professionally translated, harnessed and utilized in every sphere professional 

societies to achieve the desired social economic benefits the nation. We have firm confidence that ESAP 

shall make best use of this opportunity in assisting the livestock sector of the country transform and make 

up for the backlog of the regrettable past in the sector. Amahara Region Agricultural Research Institute 

and Bahir Dar University feel happy and honored to organize this spectacular event at this point in the 

history of ESAP. 

Your Excellences Distinguished Participants’ Ladies and Gentlemen: 

The significance of this conference has been well noticed by several governmental organization, research 

and development partner the private sector and individuals in the profession have all offered technical, 

financial, logistical and moral supports towards successful organization of the conference. Accordingly, 

their expectations are also too high! 

I would like to take this opportunity to express my heartfelt thanks to all individuals and institution that 

have been working with us since the beginning of the planning stage and are still here today to enjoy the 

fruit of their Endeavour. 

Dear participants ladies and gentlemen, finally ,we all know that this conference could not have been 

made possible without the life breath you gave to make it a life and so fabulous.  

Thus I warmly Welcome you all again and Wish you pleasant stay here in Bahir Dar. 

 

Dr. Ermias Abate, Deputy Director General  

Amhara Region Agricultural Research Institute. 
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Opening Speech 

 

Honorable Guests, 

ESAP Members and Participants, 

Ladies and Gentlemen, 

 

On behalf of the Federal Democratic Republic of Ethiopia, Ministry of Agriculture and Livestock 

Resources and myself, I feel honored to be amongst you today to officiate the opening of the 26th 

Ethiopian society of Animal Production conference with a theme of “Transforming the Ethiopian 

Livestock Sector”   

 

The theme of the conference is in line with the government’s agenda of transformation of the sector. The 

desire for transformation has been well reflected in the Growth and Transformation plans (GTPI & 

GTPII). Even if, the midterm review and evaluation of GTPII indicates that we are behind in achieving 

the targets that had been set. This scenario is an awakening call for all stakeholders engaged in livestock 

in one way or another viz, the private sector and all other actors to make a concrete effort to realize the 

targets within the remaining time of GTP II. 

  

There is a huge task in front of all of us to transform the sector that include but not limited to improving 

the policy environment which should reflect the political will, genuine participation of the private sector, 

creating fair and sustainable market linkage for millions of small scale livestock keepers, and increasing 

the volume and quality of meat export. To be competitive, and increasing Ethiopia’s visibility in 

international markets the role of foreign companies that have not only experience but also reputation and 

using up to date technologies in processing is vital. In this regard the government is working and 

developing modality to attract investors that would play a catalytic role in transforming the sector. 

 

I do believe ESAP through its members can contribute a lot in to transform the sector. As seen on the 

program ESAP has selected pertinent topics for deliberations and discussion which are not only of 

academic interest but also have policy implications. The riddles of export market is of particular interest 

to the government, requires these minds put together efforts and suggest the way forward.  

 

I congratulate ESAP’s executive committee as well as the core events organizing committee at Bahirdar, 

for organizing such a great national event. The generosity of the Amhara Regional Agricultural Research 

Institute (ARARI) and Bahirdar University in sponsoring this conference is commendable.  

 

Finally, I wish you all very pleasant and fruitful deliberations and discussion. I declare that the conference 

is officially opened. 

Thank you! 

Professor, Fekadu Beyene, State Minister 

Ministry of Agriculture  
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The Science of Genomics and livestock Genetic Improvement 

Dirk-Jan de Koning1, Getinet Mekuriaw Tarekegn1,2, Ering Strandberg1 

1Department of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, PO Box 

7023, 75007 Uppsala, Sweden; 2Department of Animal Production and Technology, Bahir Dar 

University, Ethiopia 

Introduction 

Selective breeding has resulted in impressive increases in production levels and efficiency of livestock 

in the developed world in the course of about 40 years (reviewed by Van der Steen et al., 2005). With 

the advance of molecular marker techniques and the introduction of genomic selection, about ten years 

ago in dairy cattle, the genetic progress has once again doubled for many traits (García-Ruiz et al, 

2016). This is in stark contrast to the low-income countries where the benefits of modern livestock 

breeding have yet to bear fruit. In this review we will outline some of the background and requirements 

for using genomics in livestock selection and highlight some of challenges for low-income countries.  

Use of molecular genetics for breeding 

In some situations, we may know the actual mutation in the gene (QTL) affecting the trait of interest. 

In that case, we only have to genotype the selection candidates for the mutation and we know directly 

which animals have the favorable allele. Such gene-assisted selection (GAS) is, however, often not 

useful, mainly because mutations are known at best only for a few genes and they would normally not 

explain a large portion of the total additive genetic variance. If we want to apply GAS for the same 

mutation in another breed, we need to check whether the mutation is segregating in that breed and 

whether the effect of the mutation is the same.   

Even if we don’t know the causative mutation, we may be able to find nearby markers that follow the 

same inheritance pattern as the mutation. This approach to find these markers is called a genome-wide 

association study (GWAS). The principles are straightforward: 1) Genotype the target population for a 

large number of markers to cover the entire genome.  The number of markers should be large enough 

that any potential QTL in the genome is in sufficient linkage disequilibrium (LD) with at least one of 

the markers. Linkage disequilibrium is a measure that describes how well the genotype at a known 

locus predicts the genotype of a neighboring, but unobserved, locus.  The current markers of choice are 

single nucleotide polymorphisms (SNPs).  2) For each marker, test for an association between the 

marker genotype and the trait of interest. 3) If we have identified one or more significant SNPs or 

haplotypes in a GWAS we can also select directly on these in the population where we did the GWAS. 

This is called “linkage disequilibrium marker-assisted selection” (LD-MAS). In principle, LD-MAS is 

as simple as GAS but we may need to monitor the association over time; it could disappear as an effect 

of recombination. Using the same SNP or haplotype in another population will require a confirmation 

study. It is uncertain whether the QTL segregates in another population or whether the phase between 

the markers and the QTL is the same. 
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In general, MAS has not fulfilled the high (and unrealistic) expectations that were associated with it 

initially. One problem is the so-called Beavis effect, that the effects of markers that are significant are 

overestimated (Beavis, 1998). Another problem is that many (most) QTL with moderate and small 

effects were missed, owing to the strict (multiple-testing) significance thresholds.  

As an alternative to MAS, Meuwissen et al. (2001) suggested whole genome selection or ‘genomic 

selection’ (GS). The main difference with MAS is that GS is not concerned with the detection of 

individual QTL. Under GS tens of thousands of SNP markers, closely spaced across the genome such 

that most or all QTL are in linkage disequilibrium with at least one marker, are associated with 

phenotypic records. This is usually performed in a large population – often >1000 individuals 

representing a large number of families. In GS, effects for all SNPs are estimated jointly in a so-called 

reference population (or training population) that has both genome-wide SNP genotypes as well as 

phenotypes for the trait(s) of interest.  The selection candidates, who have only genotypes, get their 

genomic breeding values (GEBV) from their summed SNP effects using the prediction equations that 

were derived in the reference population (Figure 1). Because GS can estimate the Mendelian sampling 

term, it can separate the genetic merit of non-phenotyped full-sibs and predict the genetic merit of 

newborn individuals with greater accuracy than the traditional pedigree index. 

 

Figure 1. Illustration of the principles of genomic selection.  
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The first, and arguably simplest, model used for GS was the SNP-BLUP model. Writing the general 

equation for a mixed model as y = Xb + Zu +e, the vector u contains random effects of SNP markers, 

assumed to be sampled from (identical) normal distributions, each having a small effect (based on the 

infinitesimal model). The outcome is thus BLUP estimates of each SNP-effect, which can be summed 

together for a given individual (usually a young animal without own phenotype) to result in a genomic 

estimated breeding value (GEBV). Note that there is no significance testing of SNP-effects, rather all 

SNPs are used to predict the total breeding value.  

In the simple SNP-BLUP, all SNP-effects are potentially of equal size. This is unlikely to be true, and 

this shortcoming has been ameliorated in various Bayesian approaches, usually referred to as the 

Bayesian alphabet models: BayesA, BayesB, etc. In BayesB, for instance, SNP-effects are assumed to 

potentially come from two distributions, where a fraction is allowed to have no effect at all. A 

drawback with the Bayesian models is that they are more computer-demanding and time-consuming 

than ordinary mixed linear models.  

An equivalent model to the simple SNP-BLUP is called GBLUP. Here the u vector instead consists of 

genomic breeding values directly, which are assumed to be ~ND (0, Ga2). The G-matrix replaces the 

A-matrix in ordinary pedigree-based genetic evaluation models and is calculated based on the SNP-

genotypes. The model being equivalent also means that it is possible to back-transform from GBLUP 

to get the estimated marker effects (as from SNP-BLUP). Individuals without phenotypes (i.e., 

selection candidates) could be inserted into the GBLUP equation via the G-matrix and thus get their 

GEBVs, or the back-transformed SNP-effects could be used.  

Even though genotyping costs have decreased dramatically over the last 5-10 years, still not all animals 

have genotypes, but they may have phenotypes that could contribute to improved accuracy. Originally, 

information from non-genotyped animals (giving rise to traditional EBVs) were blended with the direct 

genomic breeding values into a total GEBV. The development of single-step GBLUP combines the 

phenotypic information from all animals into a single GEBV, using also genotypic information. This 

approach also handles the problem that when selection was carried out on genomic breeding values, the 

traditional EBVs became biased (because the information selection was based on was not incorporated 

into the mixed model equations). That in turn would lead to that the combined GEBV would be biased. 

However, with ss-GBLUP, also information on selection based on genomic information is included (at 

least for the trait upon which strong selection is carried out).  

How does genomic selection work in developed countries? 

Genomic selection has been most widely and quickly applied to dairy cattle breeding. There are several 

reasons for this, but the sex-limited nature of almost all traits of interest and the long generation 

intervals, partly but not only as a result of the progeny testing structure, are probably the most 

important. As a result of this adoption of GS, in the Nordic countries Denmark, Finland and Sweden, 

participating in the joint genetic evaluation NAV, over 90% of all marketed bull semen is from 

“young” bulls, without own daughters (Hans Stålhammar, Viking Genetics, pers. comm.).  

In the early days of GS (which is not even ten years ago, first official GEBVs were published in 2009 

for US Holsteins), the reference population consisted solely of progeny tested bulls. The advantage was 
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that they had very precise “phenotypes”, consisting of records from, say, 100 daughters. However, 

within most countries the number of bulls (semen) available for genotyping was not enough to create a 

large enough reference population. This led to cooperation between groups of countries with exchange 

of genotypes and “phenotypes”. Ironically, the success of GS also led to a shortage of bulls with many 

daughters, which led to a need to genotype also cows for inclusion in the reference population. 

Although their phenotypes are less accurate, and more dependent on the heritability of the trait, the 

potential number of cows to genotype is much higher than ever the number of bulls. This strategy, 

however, depends on genotyping costs not being too high. In the Nordic NAV countries, this 

genotyping was done using a low-density chip (about 3-7 k) and was subsidized by the breeding 

company.  

In the beginning of GS, the main use of GEBVs was to pre-select bull calves for progeny testing and 

later to select bulls for use in breeding in general (when progeny testing has become less prominent or 

basically non-existent). However, with time early genotyping of heifer calves at farm level has become 

more prevalent, in order to decide the fate of the heifer. Early genotyping of females also gives the 

possibility of early selection of potential bull mothers, with a shortening also of that generation interval 

path.  

The main effect on the genetic response has been through a substantially shorter generation interval. In 

the US, the sires of male calves born in 2012 were 2.7 years younger than corresponding sires of males 

born in 2006 (from 7.1 to 4.4 years). For the path sire to daughter the change was 1.3 years. The 

decreases in the dam paths were smaller, 0.2 to 0.7 years (Hutchison et al., 2014). Taken altogether, 

this should translate into 30% higher annual genetic changes, all else equal. For the NAV countries for 

Holstein the transition to GS has led to more than doubling the annual genetic trend for yield (from 1.2 

index units per year during the period 2003-2013 to 2.6 thereafter). Unfortunately, the trends for 

functional traits have only increased slightly, e.g., for udder health from 1.2 to 1.4 units/year. For the 

red dairy cattle, the corresponding trends have been more modest, for yield from 1.3 to 1.7 units/year 

and for udder health from 0.5 to 0.9.  

How can genomic selection influence breeding in developing countries? 

Because traditional breeding programs rely heavily on recording of pedigree information it would seem 

that GS would be a feasible approach for breeding in developing countries. However, there are several 

challenges that need to be met before GS can be successfully applied. In the following, main focus will 

be on dairy production, either in cattle or small ruminants, because the sex-limited nature of most traits 

is especially challenging. 

Creating an informative reference population 

One of the most important prerequisites for a successful GS program is the creation of a reference 

population that gives accurate prediction of SNP effects, regardless of the model used. As mentioned 

previously, most reference populations in developed countries started from an already existing progeny 

testing situation, where genotyping of males with very accurate “phenotypes” could be done. 

Unfortunately, this approach is most commonly not possible follow in developing countries. Instead, 

one has to resort to collecting phenotypes and genotypes on single individuals. For dairy production 
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this would mean females, whereas for meat production both sexes could be of interest, at least for 

growth-related traits.  

 

The accuracy (correlation between true and predicted breeding values) as a function of heritability and 

number of individuals with phenotypes is shown in Figure 2. For a progeny testing situation in 

developed countries, it was not unreasonable to have a reliability for milk yield of 0.9 (say 100 

daughters, h2=0.3), which can be thought of as a trait with a heritability of 0.9. With 500 bulls with 

genotypes one could achieve an accuracy of GEBV of almost 0.6. To achieve the same accuracy with 

observations on individual cow (for the same trait, with h2=0.3) we would instead need about 1500 

cows. With really low heritability traits, we may realistically never reach that accuracy. 

 

 

Figure 2. Relation between accuracy of genomic breeding value and number of individuals with 

phenotypes for various heritability (effective population size = 100). Based on equation (6) in thesis of 

Daetwyler (p. 149). 

Another factor that influences the accuracy of GEBVs is the effective population size (Ne) (Figure 3). 

The smaller Ne the higher accuracy, all else being equal. The Ne is not something that can be modified, 

it can be considered a parameter of the population of interest. Using dairy cattle as an example, it has 

been found to be easier to get GEBVs of high accuracy in the Holstein breed compared with, for 

instance, Nordic Red dairy cattle (Su et al., 2012). Calculations from the French, Spanish and US 

Holstein populations (which are strongly interrelated) indicate an Ne of 50-100 (Leroy et al., 2013, 

Rodrigues-Ramilo et al., 2015, Kim & Kirkpatrick, 2009). The effective population size of the Nordic 

Red dairy cattle is not known, but the population is known to be an admixture of several 

subpopulations and can therefore be expected to more diverse. 
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Figure 3. Relation between accuracy of genomic breeding value and number of individuals with 

phenotypes for various effective population sizes (for a trait with heritability of 0.3). Based on equation 

(6) in thesis of Daetwyler (p. 149). 

The effective population size is basically a proxy measure of the linkage disequilibrium (LD). LD is 

the non-random association between two loci, in our case our main interest is the LD between marker 

and QTL. If the marker has alleles M and m and the QTL alleles Q and q with corresponding relative 

(haplotype) frequencies denoted by p, then LD can be measured by D = (pMQ pmq) - (pMq pmQ). If the 

haplotype frequencies are as expected according to their respective allele frequencies (e.g., pMQ= 

pMpQ), then we have linkage equilibrium. If D is not equal to zero (positive or negative) then we have 

LD. A more common measure of LD in genomic selection setting is r2 = D2/ (pM pm pQ pq), which can 

be interpreted as a squared correlation (the squaring avoids the sign issue and the division creates a 

value between 0 and 1). As an extreme example, let’s assume that pM = pm = pQ = pq =0.5 and that the 

marker allele M only occurs with Q (and then m only with q). D then becomes 0.5 x 0.5 - 0 = 0.25 and 

r2 = 0.0625/ (0.54) = 1.  

If we have a very strong LD between a given marker and the QTL, then it is easier to find that the 

marker allele M is associated with the QTL allele, say, Q, that gives the highest value of the trait. It 

also makes it safer to select for increased frequency of M in future generations, because there is a lower 

risk for that association to break up. With a higher density of the SNP-chip, i.e. with more SNPs, we 

are more likely to have one or more SNPs close to all of the QTL that influence the trait in question. 

The higher the density of the chip, the larger proportion of the total genetic variation can actually be 

picked up by the markers. Having said that, the general experience from dairy cattle is that increasing 

the density from 50K to 7-800K has led to only small increases in accuracy. The long-term effects of 

having higher density is unclear, perhaps it could lead to longer-lasting associations between markers 

and QTL.   
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Ensuring good predictive ability 

 

Achieving a high accuracy and good predictive ability of the GEBVs in the reference population is a 

good starting point, but what is even more important is that the predictive ability is high when using the 

SNP-effects in the target population, on the selection candidates. There are several issues that may 

affect that ability negatively. 

Measuring the correct traits 

One reason why traditional breeding program have been less successful in developing countries is that 

they rely heavily on good recording of identities, pedigree, and phenotypes. The potential good news 

with GS is that the complete pedigrees of animals that were used for traditional BLUP evaluations are 

no longer needed. Neither is phenotypic recording in the whole population strictly necessary for GS to 

function, as long as the genotyped animals in the reference population are phenotyped. However, the 

phenotypes measured in the reference population need to be those that are important for the 

commercial (target) population. What can go wrong here? 

First of all, the reference animals need to be in one or several herds with good recording of identities 

and phenotypes. One obvious such facility might be research stations or herds affiliated with some 

governmental institution. This might also mean that the environment is better and less harsh than in the 

target population. For instance, the feeding might be better leading to a higher milk yield. Disease 

pressure might be different from the target population, and so on. This could result in a genotype by 

environment interaction between the reference population and the target population. If the genetic 

correlation between the trait measured in the reference population and that in the target population is 

0.8, there is directly a 20% loss of genetic improvement. This is a common issue also in developed 

countries, where, e.g., traits measured at testing stations or nucleus herds are imperfectly correlated 

with traits in the commercial population, and it would equally be a problem with a traditional nucleus 

breeding program in developing countries.   

Some traits are just difficult to measure. For some traits, such as some disease traits, the all-or-none 

character together with a large unpredictable environmental component will lead to low heritability. 

Fertility belongs to this category. Other traits are also difficult to measure because they take a long 

time to be completed, e.g., longevity itself. Drought tolerance is a trait that is difficult to define and 

therefore to measure but furthermore one might not be willing to subject the reference animals to 

severe drought conditions, actual or artificial, in order to measure the trait. Having said that, the 

reference animals are not necessarily breeding animals per se, unlike in a nucleus breeding scheme, 

and are therefore less valuable genetically. Nevertheless, if the reference population is consisting of 

animals owned by private farmers, then of course these animals are valuable for their livelihood.  

This will tend to that some traits are likely to get GEBVs with better accuracy than others. Having said 

that, the opportunity for having GEBVs with reasonable accuracy is better than what it was with 

pedigree-based EBVs, unless one resorted to progeny testing with long generation intervals as a 

consequence. However, in order to not get genetic response in easy-to-measure traits only it is 
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important to plan the construction of the reference population wisely, and allow for time to record also 

longevity and fertility traits, for instance. 

Is the target population the same as the reference population? 

Not only the environment of the reference population may differ from that of the target population, also 

the populations themselves might differ. The research stations or the herds chosen to act as reference 

population might have a different genetic material than the ordinary farmer. Perhaps the reference 

population herds have imported animals from another population with different genetic constitution. 

On the other hand, the target population may be more admixed or even crossbred. At worst, this might 

lead to that the marker associated to the good QTL allele in the reference population is linked to the 

bad allele in the target population. In any case, the expected response in the target population will be 

less than expected from the accuracy achieved in the reference population and the selection intensity. 

Updating the prediction equations 

Unfortunately, creating the reference population is not a one-time activity. Because GS relies on 

marker-QTL associations due to LD these can be changed with recombination and selection. Therefore, 

there is a need to more or less continually add new individuals to the reference population and 

possibly, after some years, to also remove the oldest animals from the estimation procedure.  

Need for governmental investment 

Creating a reference population is not something that can be done by individual farmers or even a 

group of farmers. It needs long-term funding and a secure infrastructure for saving the results of both 

phenotyping and genotyping. Furthermore, there is a need for skilled personnel and computer resources 

for carrying out the actual genomic evaluation, first to create the prediction equations and then to apply 

them to the selection candidates. The infrastructure for transporting the tissue samples (blood, hair, ear 

biopsy) in a safe way is also crucial. And as mentioned before, a unique identity system for the animals 

is needed to make sure the results of the genomic prediction are associated with the correct selection 

candidate.  

There will also be costs for the actual genotyping, firstly for the creation of the reference population 

but later for the genotyping of selection candidates. Because the immediate value of genotyping will 

not be clear to the farmers, the cost for that need to be at least subsidized. However, it should probably 

not be subsidized to individual (small-holder) farmer, where it will have little impact, but rather to 

larger cooperative efforts, such as community-based breeding programs.  

Possible use of genomic selection in a breeding program in developing countries 

The traditional breeding programs for dairy cattle in the developed countries have relied on artificial 

insemination (AI) and progeny testing. By dispersing young bull semen to farmers for testing of 

daughters, reliable EBVs could be estimated once the daughters had had their first lactation. Then the 

best bulls were used for widespread use. The introduction of GS has basically led to the abandonment 

of progeny testing and most semen comes from young bulls, of the same age as the young bulls 

previously used for progeny testing. These young bulls are selected based on GEBVs from the 
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population as a whole, either from known mating/births or from contracted herds that are interested in 

breeding and already have a high genetic level.  

Nucleus breeding programs 

The nucleus, most likely being led by a governmental institution or an NGO supported by government, 

could consist of a congregation of contracted herds that already have identity recording and possible 

also phenotype recording or have the ability and interest to create such a system. They would also be 

the core of the reference population. Ideally, this population would contain more than 1000 females in 

order to have a reasonable accuracy. Once GEBVs are available, the best bull calves could be selected 

for further use within the nucleus, resulting in short generation intervals. Depending on the species and 

overall replacement rates, young females could also be genotyped and the best kept for replacement. 

The remainder of female calves and perhaps the best half of the males could be sold to farmers. As the 

nucleus moves away from the general population genetically, a higher proportion of young males could 

be sold for breeding.  

The breeding goal (weighted combination of GEBVs for all traits) in the nucleus has to be determined 

and should hopefully be suitable for the conditions and interests of the farmers that are the intended 

beneficiaries. This would need a careful analysis of the needs and interests of these farmers, in order 

for the “products”, either young males or in some occasion’s semen, to be accepted by the farmers. If 

there are (very) separate breeding goals among the farmer groups (or regions), they could buy breeding 

animals according to their own breeding goal, i.e., ranking males for different total merit indexes in 

different regions. Nevertheless, the nucleus would follow a genetic trajectory according to the breeding 

goal used in the nucleus. If this goal is too different from the farmers’, eventually fewer and fewer 

breeding animals will be suitable for the farmers’ production environments.  

As always with a nucleus breeding program, the dissemination of the genetic material is of utmost 

importance. For animals with low reproductive capacity it might be necessary with a sub nucleus 

(multipliers) if AI is not feasible for the commercial tier. This creates a longer genetic lag from the 

nucleus to the commercial tier, however, otherwise enough males might not be available. It might be 

possible to make AI work from the nucleus to the multiplier herds; however, this also means an 

investment in technology and know-how for AI in the nucleus.  

Community-based breeding programs 

The same kind of “nucleus” as in the nucleus breeding program would be needed to set up the 

reference population. However, there would not be a dissemination of genes from the reference 

population (“nucleus”), rather there would only be dissemination of information, namely the ability to 

create GEBVs for the young animals in the farmer herds.  

A nice feature of CBBPs in a GS setting is that breeding animals could potentially be selected based on 

their own local breeding goal. For instance, if there is a market for milk, perhaps milk income becomes 

more important relative to other traits. Alternatively, if litter size is a limiting factor, more emphasis 

could be put on this trait. Because the genetic material comes from within the CBBP and only the 

prediction equations for each individual trait GEBV comes from the central unit (“nucleus” or 

reference population), the weighting of the individual traits can be done differently for each CBBP.  
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The most likely scenario in a CBBP would involve selection among the young males in the community 

based on their GEBVs, weighted together according to the local breeding goal. Depending on the 

availability of feed and market conditions etc. this would then leave it open to either slaughter the other 

males at a young age (to avoid using limited feed resources for them), selling them for finishing 

elsewhere or raising them on the farm (possibly as castrates). The solution could be different 

depending on the species.  

For sheep and goats with higher reproductive capacity than dairy cattle, it might also be possible to 

select among young females for replacement; for dairy cattle it is more likely that all female calves will 

be kept. However, the selection intensity on the young female side will be much lower than on the 

young male side, so it can be questioned whether it is worth the cost of genotyping. Perhaps the only 

selection on the female side will be culling of mature females not producing satisfactorily. Culling for 

low heritability traits is unlikely to give any genetic response, however, it might be warranted anyhow, 

to keep a well-functioning herd, avoid spreading of disease, etc. 

If it were possible to create some kind of simple recording system in the commercial tier, such that 

offspring averages could be calculated for the genotyped males, it might be possible to use this 

information to estimate GEBVs for traits such as litter size and (daughter) survival. These traits are 

otherwise difficult to get enough information on in the general reference population.  

More issues regarding GS in small ruminants can be found in Mrode et al. (2018) and about CBBP in 

Mueller et al. (2015).   

Using genomics to optimize crossbreeding 

As indicated above, establishing a reference population for full blown genomic selection is an arduous 

task that requires long terms external support. An added challenge is that crossbreeding between native 

and exotic breeds has been widely, but randomly, practiced to aim for hybrid vigor and thus increase 

production. Genotyping these crossbreds in their production environment, while measuring key 

phenotypes allow the identification of the different breed proportions in the crossbred animals. With 

sufficient data this can enable the prediction which combination of breeds, and in what proportion is 

best suited to different environments and management levels. This can give interim breeding advice 

and results while building up towards full blown genomic prediction. This approach is followed in the 

African Dairy Genetic Gains project (ADGG: https://africadgg.wordpress.com/) as well as the 

LIVEGene project at ILRI (https://www.ilri.org/livegene). 

 

Risks associated with genomic selection 

One risk with GS breeding programs is that it might discourage farmers to collect phenotypes of their 

own animals, unless they are in the reference population. Phenotypic recording has many other 

advantages, apart from being the basis for traditional selection. The possibility of benchmarking, i.e., 

comparing your own performance to that of other farmers in the region or the country can be an 

incentive to change management, health, reproduction and feeding routines. The effect of these 

changes, including the effect of any breeding program, will not be possible to measure in the target 
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populations, if there is no recording. It has been recognized in the ADGG and LIVEGene projects that 

measuring phenotypes need to have immediate rewards for the farmers. For their efforts, farmers also 

get management advice via SMS up to three time a week.  

Breeding is a long-term endeavor, even in a successful GS program. There is a risk that overselling GS 

as a new fabulous tool that will solve all problems can backfire. Even if there is genetic improvement 

from the program, this will only affect the genetic part of the population. Most other sources of 

variation are perhaps unchanged or may even have deteriorated. The great success of breeding 

programs in the developed world have been partly due to the concurrent improvement of the 

environment. Genetics can improve traits like milk yield or growth only so far, animals also need more 

nutrients to produce more milk or grow more.  

A GS breeding program needs a long-term financial and administrative commitment, from 

governmental entities involved all the way to the farmers. If the upholding of the reference population 

with accompanying GEBV estimation is discontinued, the farmers in the commercial tier are left with 

nothing. If they have not initiated own recording, they have no possibility to continue with even simple 

selection based on own or relatives’ performance.  

 

Conclusions 

While to tools to implement genomic selection in low-income countries are available, the full 

development requires both long term investments from external benefactors and authorities as well as 

active participation at the smallholder level.  On top of that, all the layers including policy makers, 

funding bodies, universities, research institutes, extension services, and smallholders must be supported 

and engaged for many years.  
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Abstract  

The research designed to tackle existing knowledge gaps regarding the use of agrochemicals by the 

farming communities in Amhara Region and its impact on honeybees. The research also designed to 

raise awareness and understanding to various stakeholders regarding the negative effects of 

agrochemicals can have on honeybees. The research approaches include use of secondary and primary 

data. The primary data were collected through household survey, key informant interviews, focus 

group discussions and researchers’ observation. During the household survey, a total farmer 540 (270 

beekeepers and 270 non-beekeepers) were interviewed using semi-structured questionnaire. The 

contribution of beekeeping to the livelihoods of smallholder farmers is high in Amhara region. 

However, the majority (84%) of the beekeeper respondents stated that honeybee colony holding and 

productivity had decreased over the past years due to different reasons. Indiscriminate use of 

agrochemicals, lack of floral resources and pests and predators are the major limiting constraints. In 

the region honeybees have been killed due to the overuse and misuse of pesticides, fungicides and 

herbicides and the critical issues is both beekeepers and non-beekeepers have been using 

agrochemicals to control crop pests, diseases and weeds and in some areas, farmers used herbicides to 

destroy pasture land weeds. Both beekeepers and non-beekeeping respondents revealed that they are 

already aware of the negative effects of agrochemicals on honeybees. Nevertheless, the existing 

practice shows that applications of agrochemicals are continuing without attitudinal changes. The 

results also showed that farmers purchased agrochemicals from legal as well as illegal sellers without 

proper understanding on the expiry date. Farmers use agrochemicals in violation of the 

recommendations for safe use. The results showed that farmers didn’t have information about the 

apicultural resources development and protection (No. 660/2009) and regulation (No. 372/2016) 

proclamation to protect honeybees from the negative effects of agrochemicals. Furthermore, the results 

revealed that there was no bylaw used by the farming communities to protect honeybees from the 

negative effects of agrochemicals. Regarding the roles of the honeybees on the production and 

productivity of the grain and horticultural crops, 95.6% of beekeeping respondents and 97% of the 

non-beekeeping respondents didn’t know the significant roles of honeybees to pollinate grain and 
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horticultural crops. About, 97% of beekeeping respondents and 95.2% of the non-beekeeping 

respondents have never used or practiced IPM in their contexts. The stakeholders support and 

integration to minimize the negative effects of agrochemicals on honeybees is very minimal. The results 

also showed that the economic losses incurred due to agrochemical applications are quite big in the 

region. Thus, the indiscriminate use of agrochemicals is one of the major threats to transform the 

beekeeping sub-sector development. Therefore, very urgent interventions are mandatory by concerned 

and responsible stakeholders to fight system bottlenecks including insufficient knowledge base about 

the impact of agrochemicals, most of the agrochemicals available in the market are very dangerous, 

inadequate enforcement of policies and legal frame work and inadequate safety precautions and safety 

devices. The interventions should be implemented through a system wide, context-specific and 

integrated approach.  

Key words: Agrochemicals, Amhara region, beekeepers, honeybees, integrated approach, non-

beekeepers     

Introduction 

In Ethiopia beekeeping has significant contribution to improve the livelihoods of smallholder farmers 

as well as to the nation’s economy. According to MoARD (2007) report, Ethiopia has a production 

potential of 500,000 tons of honey and 50,000 tons of beeswax per annum.  Besides, beekeeping 

stabilizes and protects fragile environment and increase the production of agricultural food and cash 

crops through pollination services (Addi et al., 2006; Jacobs et al., 2006). These show that the 

contribution of beekeeping in poverty reduction, sustainable development and conservation of natural 

resources is very high.  

Amhara region possesses over one million honeybee colonies and the annual estimated production of 

honey and beeswax contributes more than 25% of the total national production (CSA, 2012). 

Beekeeping is a well-established practice in the farming communities of the region and it plays a 

significant role as source of cash income from sales of bees’ products such as honey and beeswax, 

providing nutrition, significant contribution for crop production through pollination, and provides 

employment opportunities. Despite great potential towards the contribution of improving the livelihood 

of subsistence farmers in the region, indiscriminate agrochemicals application is one of the main 

threats for beekeeping development (Ejigu et al., 2009; Tassew and Wurzinger, 2016).  

In developed countries, agrochemicals effect is known to cause disorder to the life of honeybee 

populations and also affects the production of various bee products and various intervention have 

implemented to minimize/avoid the effects of agrochemicals on bees (Greenpeace International, 2013). 

However, over recent years the indiscriminate application of agrochemicals to boost crop productivity 

and production has increased in Ethiopia in general and in Amhara region in particular. This is because, 

beekeeping almost practiced in the mixed farming systems and in this system, both beekeeper and non-

beekeeper farmers have been used agrochemicals to boost crop productivity and production (Ejigu et 

al., 2009; Begna, 2015; Tassew and Wurzinger, 2016). Smallholder farmers also use agrochemicals to 

control weeds on pasture lands (Tassew and Wurzinger, 2016). Moreover, such controversial 

agrochemicals as DDT and Malathion have respectively been extensively applied to control malaria 

carrying mosquitoes around human settlements and to control maize weevil in stored maize. Indeed, 
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the over-and-misuse of agrochemicals results in death of honeybee populations, contamination of bees’ 

products, decline of crop production and environmental contamination. These effect interns resulted in 

long term biodiversity degradation, food insecurity and human health problem.  

Therefore, these are the concern for the beekeepers, development and research organizations, and other 

relevant stakeholders. For instance, a national proclamation to regulate agrochemicals that harm 

honeybees are old enough to be proclaimed. However, the enforcement guidelines are not yet put in 

place. This calls collaborative effort and actions among different stakeholders in the beekeeping 

subsector development endeavour. Hence, in order to properly utilize agrochemicals without affecting 

honeybee populations and other pollinator insects, stakeholders’ collective actions are imperative. 

Therefore, the research was conducted to investigate the agrochemicals in use and its impact on 

honeybee populations thereby to undertake sensitization and planning workshop by inviting concerned 

stakeholders.  

Materials and Methods  

Description of the Study Areas 

The Amhara National Regional State is one of the regional states in the Federal Democratic Republic 

of Ethiopia which extends from 9° to 13° 45'N and 36° to 40° 30'E. It covers approximately 161,828.4 

Sq.km in area and is moderately compact in shape. Its coverage is 11% of the country’s total area. This 

land consists of three major geographical zones. These are the highlands (above 2,300 masl), the mid-

lands (1,500 to 2,300 masl) and lowlands (below 1,500 masl) accounting 20%, 44%, and 28% of the 

region’s total area coverage respectively (ANRS BOFED, 2011). 

The region has 11 administrative zones categorized into Western Amhara (East Gojjam, West Gojjam, 

Awi, Bahir-Dar, South Gondar and North Gondar administrative zones) and Eastern Amhara 

(Waghimra, North Wollo, South Wollo, Oromiya and North Shewa administrative zones). These zones 

are divided into a total of 113 districts and 3,216 kebeles. The region’s topography embraces plains, 

gorges, plateaus, hills and mountains. The altitude ranges from as low as 500 meters to 4,620 meters at 

the peak of Ras Dashen. The study was carried out in 15 districts of Amhara region and these districts 

were selected purposively based on their potential for beekeeping and crop production (Figure 1).  
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Figure 1: Map of the study areas  

Sampling Techniques and Sample Size  

A multistage stage sampling procedure was employed to select respondents for the survey work. 

Purposive sampling was employed to identify the study districts. For the household and informal 

survey, at first stage, nine districts (Awabel, Mecha, Dangila, Guangua, Bahir Dar Zzuria, Fogera, 

Libokemkem, Gondar Zuria and Chilga) were selected based on purposive sampling method according 

to beekeeping potentiality and intense of agrochemicals applications. were in the second stage, two 

rural kebeles from each district were selected using purposive sampling based on their relative 

beekeeping potential and agrochemicals use in the farming systems. In the third stage, the total 

population was stratified into two groups as beekeepers and non-beekeepers. A total 540 respondents 

(270 beekeepers and 270 non beekeepers) were interviewed using semi-structured questionnaire. In 

addition, data were through key informant interviews and focus group discussions from Burie, Kobo, 

Habru, Tehuledere, Efrata Gidim and Kewot districts 
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Data Sources and Methods of Data Collection  

 Data collection  

Primary data were collected through survey, key informants’ interview, focused group discussions 

(FGDs), researchers’ observation and laboratory analysis.  

Survey 

Semi-structured questionnaire was prepared to collect various information related to socio-economic 

characteristics of the households, beekeeping and crop production systems and its constraints, 

agrochemicals utilization and handling practices, current status of beekeeping with respect to 

agrochemicals use. The sampled respondents were interviewed by the researchers either in center area 

or house to house visit. Two types of questionnaires were prepared separately one for beekeepers’ 

respondents and the other for the non-beekeepers. The questionnaire was pre-tested to check its 

appropriateness and correctness of generating all the necessary information to meet all the stated 

objectives and was fine-tuned.  

 

Key informant interview 

Key informant interviews (KII) were held with beekeeping expert and researcher and livestock 

development practitioners and researcher. Open-ended questions used and the interviews done using 

the local language (Amharic) and their responses were recorded using a voice recorder. The interviews 

were done by the researchers with the help of a research assistant.   

Focus group discussions 

A total of 16 FGDs with farmers were carried out. The FGDs were also held with development 

practitioners and researchers. The aim of the FGDs was in order to gain greater insight into the topics 

covered and validated the data collected through the survey. Open-ended questions used and the 

discussion done using the local language. 

Observation 

During the survey data collection, the researchers visited the specific research sites and agrochemicals 

selling shops and several issues related to agrochemicals use and beekeeping practices were learnt by 

observation and informal discussion with people. Transect walks created opportunities for observation 

and informal discussion with people. Issues that emerged from observation and informal discussion 

with people were used to guide key informant interviews and focus group discussions.  

Secondary data collection 

Secondary data were collected from Ministry of Agriculture and Natural Resource, Bureau of 

Agriculture and Natural Resources, Amhara Region Livestock Resources and Development Promotion 
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Agency, Amhara Region Agricultural Research Institute (ARARI), zones and districts office of 

Agriculture and Natural Resources, and published and unpublished literature. 

Statistical Analysis 

The survey data were analyzed using SPSS software programs (SPSS, version 20). Most of the survey 

data obtained in this study were analyzed using descriptive statistics and the ranking of the use of 

income obtained from beekeeping and the different types of beekeeping constraints were done through 

index calculation. The data collected from key informant interviews and FGDs were subjected to 

content analysis.  

Results and Discussion 

Socio-Economic Characteristics of the Respondents 

Of the total respondents, 98.7% and 97.4% of beekeepers and non-beekeepers were males. Similar 

findings were reported by many authors (Assemu et al., 2013; Dereje et al., 2016) who indicated that 

agricultural activities in general and beekeeping in particular are mainly duties of males and females 

are mainly engaged in house duties. 

The majority (87% beekeepers and 88.9% non-beekeepers) of the respondents were in the age range of 

14-60 years old. This ascertains the above truth that states beekeeping can be practiced without age 

limitation. Moreover, the evident number of beekeepers in the range of 14-60 years age indicates still 

beekeeping is playing great roles as means of job and income generation. At the same time, the 

involvement young people in beekeeping activity is an opportunity for subsector future expansion and 

development to serve as sole business. The results concur with the findings of (Tewodros et al., 2015; 

Dereje et al., 2016; Sintayehu and Tibebe, 2016) who stated that beekeeping learnt through generation 

and practiced by all economically active ages groups (15-65yrs).  

The majority of the beekeepers as well as non-beekeepers were under gone through basic to grade 12 

educational levels (Table 1). This shows that education in farmers household is very important to 

identify their problems of agricultural activities and seek appropriate solutions on time and thereby 

improve the productivity and production of their agriculture activities. Similar results also reported by 

Kerealem (2005) who stated that educational level of the farming households may have significant 

importance in identifying and determining the type of beekeeping development and extension services.  

Regarding family size, the beekeeper’s respondents had an average size of 5.53±1.5 persons per family, 

while the non-beekeepers had an average size of 5.82±1.76 (Table 7) which is in line with the national 

average of six persons per household.  
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Table 1: Household characteristics of the respondents   

Variables Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Sex of 

respondent 

Male 267 98.9 263 97.4 

Female 3 1.1 7 2.6 

Age of the 

respondent 

Below 14 0 0 0 0 

14–60 235 87 240 88.9 

>60 35 13 30 11.1 

Education level 

of the 

respondent 

Illiterate 60 22.2 90 33.3 

Basic education 140 51.9 110 40.8 

Grade 1-4 40 14.8 50 18.5 

Grade 5-8 20 7.4 10 3.7 

Grade 9-12 10 3.7 10 3.7 

Family size 5.53±1.5 5.82±1.76 

N = number of respondents 

 

Land holding 

The average land holding of the beekeepers was found to be 1.43, 0.24 and 0.26 hectares for crop land, 

pasture land forest, respectively (Table 2). Similarly, non-beekeeping respondents also possess an 

average of 1.48, 0.22 and 0.25 hectares for crop land, pasture land forest, respectively. Thus, the results 

could explain that the land owned by both beekeepers and non-beekeepers is small enough and 

inadequate to produce sufficient agricultural products that could sustain the livelihood of farmers in the 

region.   

As an option to this context, the involvement of farmers in beekeeping activities might be considered 

as one of the strategies to support their livelihoods as beekeeping could be conducted in a very small 

area without computing with other agricultural activities and could bring an additional income to the 

family.  

Table 2: Land holding of the respondents 

 Landholding (ha) Farming category 

Beekeepers (n = 270 ) Non-beekeepers (n = 270) 

Crop land 1.43±1.27 1.48±1.31 

Grazing land  0.24±0.15 0.22±0.13 

Forest 0.26±0.21 0.25±0.20 

N = number of respondents 

Farming System 

As indicated in Table 3, all the beekeeping and non-beekeeping respondents in the study area were 

practicing a mixed farming system. Farmers have noted that they are practicing a mixed farming 

system as a means of risk aversion. In particular, as an integral part of the mixed farming system, 

beekeeping plays a substantial role in the household food security in the study area. This is because, it 
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could meet the urgent financial needs, dietary requirements, loan repayments, as a buffer in the case of 

crop failure and also for social and cultural function. In the mixed farming system, many farmers 

combine crop production, livestock production and beekeeping in order to exploit the potential benefits 

from the different sub-systems (Tassew and Wurzinger, 2016). 

Table 3: Farming systems of the respondents   

Farming systems  Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Livestock  - - - - 

Crop  - - - - 

Beekeeping  - -   

Livetock and crop - - 270 100 

Livestock, crop and beekeeping 270 100 - - 

N = number of respondents 

 

Beekeeping Practices of the Respondents 

Purpose of beekeeping and use of income from beekeeping 

As a matter of fact, beekeepers in the region do practice a mixed farming system like the other farming 

community. The farming community has been observed to obtain cash income from the sale of its 

agricultural products. In this study, beekeepers were using cash incomes from the sale of hive products 

and honeybee colonies to fulfil their needs. The results showed that the majority of the beekeeping 

respondents were keeping the honey bee colonies as an income and food source for their families 

(Table 4). Similar findings stated that beekeeping is one of the agricultural activities that assist farmers 

to diversify income sources and provide food such as honey for household consumption (Kerealem, 

2005; Alemu, 2015; Begna, 2015). 

Table 4: Purpose of keeping honeybee colonies 

Purpose N Percent 

As income source 38 14 

Home consumption  16 6 

Both (as an income and home consumption) 216 80 

N = number of respondents 

As shown in Table 5, beekeepers used the income obtained from beekeeping to buy crop inputs as the 

first priority followed by to buy livestock. The beekeeping respondents use the income obtained from 

beekeeping to buy food grain as a third priority. Furthermore, the beekeepers lastly used the income 

obtained from beekeeping to buy cloth and build a house. 
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Table 5: Use of the income obtained from beekeeping 

Use of income from beekeeping 1st 2nd 3rd 4th 5th Index Overall Rank 

To buy crop inputs 180 60 30 0 0 0.24 1 

To buy livestock  101 80 37 33 19 0.21 2 

To buy food grain 44 31 23 59 13 0.16 3 

To buy cloth 28 19 33 27 25 0.13 4 

To build a house 24 8 20 20 33 0.11 5 

 

Honeybee colony holding and honey yield  

Based on the levels of technology and management practices used by the beekeepers, three beekeeping 

production methods were identified: traditional, transitional (top-bar hive) and modern (movable frame 

hive) honeybee production systems. The average honeybee colony holding per household were 5.4, 1.8 

and 2.6 in traditional, transitional and movable frame hives, respectively (Table 6). Similarly, the 

results showed that the average honey yield obtained from traditional, transitional and movable frame 

hives were 5.73, 11.4 and 17.6, respectively. 

Table 6: Honeybee colony holding and honey yield 

Hive types Number of honeybee colonies Honey yield/hive/year 

Traditional 5.4 5.73 

Transitional (top-bar) 1.8 11.8 

Modern (movable frame 2.6 17.6 

N = number of respondents 

 

Beekeepers perception on trends of honeybee colony holding and productivity   

Majority (84%) of the beekeeper respondents stated that honeybee colony holding and productivity had 

decreased over the past years due to different reasons. Indiscriminate use of agrochemicals, lack of 

floral resources and pests and predators are the major limiting constraints (Table 7). On the other hand, 

13 % and 3 % of the respondents declared that honeybee colony holding and productivity showed 

increase and constant trends, respectively (Figure 2). Different scholars reported that agrochemicals 

application, lack of bee forage and honeybee pests and predators are the major bottle necks for 

beekeeping development in different parts of Ethiopia (Kerealem, 2005; Alemu, 2015; Tassew and 

Wurzinger, 2016; Zewdie, 2017, Gebercherkos, 2018). 
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Figure 2: Trends of honeybee colony holding and productivity in the past five years 

 

Table 7: Major reasons for decrease in honeybee colony holding and productivity 

Reasons  1st 2nd 3rd 4th 5th Index Overall Rank 

Lack of floral resources 89 84 48 35 14 0.19 2 

Agrochemicals  223 47 0 0 0 0.22 1 

Pests & predators 34 51 26 39 9 0.18 3 

Diseases  19 16 37 26 23 0.14 4 

Drought 8 24 27 23 30 0.12 5 

 

Agrochemicals Utilization  

Agrochemicals that are in use for crop protection were found to be the ones that kill honeybees. 

Accordingly, the majority of beekeepers and all non-beekeepers’ respondents have confirmed that they 

have been using different type of agrochemicals to control crop pests, diseases and weeds (Table 8). 

The results showed that only very few farmers have been using agrochemicals to control pasture land 

weeds. Based on the keen interest to know how far their colonies from the crop and pasture lands, the 

results revealed that the majority of the respondents do have crop and pasture lands which are less than 

1 km. This is clearly categorized as a potential foraging distance to honeybee colonies in which the 

honeybees fly to a distance of two to three miles from their hive to find sources of food (nectar and 

pollen). Under such practices, it is realized that the honeybee colonies could be potentially affected by 

agrochemicals applications. 
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Decreasing, 84

Percentage, No 
change, 3

Increasing

Decreasing

No change



Ethiopian Society of Animal Production 2018 

 

23 
 

Table 8: Agrochemicals utilization practices of farmers  

Variables  Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Do you use agrochemicals to control crop 

pests, diseases and weeds? 

    

Yes 264 97.8 270 100 

No 6 2.2 - - 

Distance of colonies placement from crop 

fields  

    

Less than 1 Km 235 87 230 85.1 

In the range of 1-5 Km 30 11.1 32 11.9 

Greater than 5 KM 5 1.9 8 3 

Do you use agrochemicals to control pasture 

land weeds? 

    

Yes 5 1.9 10 3.7 

No 265 98.1 260 96.3 

Distance of colonies placement from pasture 

land  

    

Less than 1 Km 254 94.1 248 91.9 

In the range of 1-5 Km 16 5.9 22 8.1 

Greater than 5 KM - - - - 

N = number of respondents 

Insecticides and fungicides used by farmers   

With regard to insecticides and fungicides use, beekeepers, non-beekeepers, livestock and beekeeping 

development practitioners, livestock and beekeeping researchers described that various type of 

insecticides and fungicides are in use in the farming systems (Table 9). They also mentioned that 

farmers repeatedly spray in one cropping season the same or different types of insecticides without 

discussing neighbours. The researchers made also visit to some local insecticides and fungicides shops 

and registered different brands of insecticides and fungicides. Insecticides like Malathion, Dimethoate 

40% EC, Perfecto 175 SC, Pritacet 10 EC, Ethiosulfan 35% EC, gain 20 SL, and fungicides like Agro-

laxyl MZ-63.5 WP, Noble 25 WP, Mancozeb 80%WP etc are among the pictured once. Similar 

findings revealed that different types of insecticides and fungicides are in use for crop protection in 

Amhara region (Alemu 2015; Begna, 2015; Tassew and Wurzinger, 2016; Bizuayehu, 2017; Zewdie, 

2017).  

Table 9: List of pesticides and fungicides used by farmers 

Trade names Active ingredients 

(AI) 

Type of pests 

/diseases  

Types of grain & horticulture  Stage of crop during 

the application 

Profit 72% EC Profenofos Leaf hoppers, 

onion thrips 

Tomato, Cabbage, Onion Any time as pest occur 

Malathion 50% Malathion  Aphids, arm 

worm, plusia 

Tomato, Cabbage, Onion, Teff, 

millet, wheat, barley, Guwaya chat, 

mango, avocado, orange 

Any time as pest occur  
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Trade names Active ingredients 

(AI) 

Type of pests 

/diseases  

Types of grain & horticulture  Stage of crop during 

the application 

Gain 20 SL Imidacloprid 20% Aphids Potatoes, Tomato Any time as pest occur 

Nimbecidine  Azadirachtin 0.03% 

EC 

Thrips  Tomato, Cabbage, Onion Any time as pest occur  

Pritacet 10 EC Acetamiprid 10% Aphids Cotton Any time as pest occur 

Datrate 5% EC Lambada-

cyhalothrin 5% EC 

Stalk Borrer Maize, sorghum  Any time as pest occur 

Deltarin 25 EC Deltamethrin 2.5% African 

bollworm 

Chickpea, Guwaya Any time as pest occur 

Agro-lambacine 

super 315 EC 

Profenofos 30% + 

Lambda cyhalotrine 

1.5% 

African 

bollworm 

Guwaya, Cotton Any time as pest occur 

Ethiosulfan 35% 

EC 

Endosulfan  Bollworm Guwaya, Tomato, Cabbage, Onion Any time as pest occur 

Tricel 48% EC Chloropyratose 48% Termite Pepper Any time as pest occur 

Diazion60% EC Diazion Stock borer, 

cut worm, soil 

born pests, 

army worm,  

On all crop types including mango, 

avocado, orange 

Any time as pest occur 

Ethiozinon 60% 

EC 

Diazinon Stock borer, 

cut worm, soil 

born pests, 

army worm,  

On all crop types including mango, 

avocado, orange 

Any time as pest occur 

Actellic 2% dust Pirimiphos-methyl For the 

control of 

storage pests 

on cereals and 

pulses. 

Sorghum, maize, Green Mung, 

Guwaya 

Any time as pest occur 

Roger Dimethoate 40% EC For the 

control 

horticultural 

pests 

Cabbage, Onion, mango, avocado, 

orange 

Any time as pest occur 

Karate 5 EC Lambda-cyhalothrin For different 

pests 

Cabbage, Onion, Green Mung, 

Guwaya, Maize, Tobacco 

 

Phenetratite50% Phenetratite50% Aphids, arm 

worm, plusia 

Teff, millet, wheat, barley Any time as pest occur 

Daconil Daconil Coffee 

diseases 

Teff, millet, barley, coffee Any time as disease 

occur 

Diasnol Diasnol Arm worm & 

plusia 

Teff, millet and barley Any time as pest occur 

Megaban Plus Chlorpyriphos-ethyl 

48% w/v 

Aphids, arm 

worm, plusia 

Guwaya, cabbage, Onion Any time as pest occur 

Thionex 35 EC Endosulfan Thrips, ball 

worm 

Guwaya, cabbage, Onion Any time as pest occur 

Agrothoate40% Dimethoate 40% Aphids, army 

worm, trips, 

ballworms 

Millet, corn, sorghum, wheat, Barley, 

onion, bean, pea, cabbages, potato, 

mango, avocado, orange 

Any time as pest occur 

Diamog 40% EC Dimethoate Stock borer, 

cut worm 

Pulses, vegetables, potato Any time as pest occur 

DDT DDT For various Chat, mango, avocado, orange Any time as pest occur 
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Trade names Active ingredients 

(AI) 

Type of pests 

/diseases  

Types of grain & horticulture  Stage of crop during 

the application 

pests 

Tilt 250 EC Propiconazole For the 

control of 

fungal 

diseases  

Wheat, Tomato, Cabbage, Onion, 

Barley 

Any time as fungus 

occur 

Noble 25 WP Triadimefon For the 

control of 

stem rust & 

smut  

Wheat, sugar cane Any time as pest occur 

Bathion  640 ULV Fenthion For the 

control of 

Quelea birds. 

Sorghum, maize Any time as birds 

occur 

Mancozeb 80%WP Mancozeb For the 

control fungal 

diseases 

Tomato, Onion, Pepper, Chick pea, 

Cabbage, Lettuce, Tobacco 

Any time as fungus 

occur 

Ridomil Metalaxyl 40 g/kg + 

Mancozeb 640 g/kg 

For the 

control fungal 

diseases 

Tomato, Onion, Pepper, Lettuce, 

Cabbage 

Any time as fungus 

occur 

Natura Propicnozole 

250gm/l 

For the 

control fungal 

diseases 

Tomato, Onion Any time as fungus 

occur 

Agro-laxyl MZ-

63.5 WP 

Metalaxyl 759/kg + 

Mancozeb 

560gm/kg 

Early and late 

blights, leaf 

spot 

Tomato, potato  Any time as fungus 

occur 

 

 

 

Herbicides used by farmers  

The finding of the current showed that different types of herbicides have been used by both beekeepers 

and non-beekeepers (Table 10). The majority of the farmers use different herbicides to control crop 

weeds. Livestock development agents and district livestock experts realized that farmers are using 

herbicides at different cropping calendar. Farmers and development practitioners sated that 

conservation agriculture rarely practiced and farmers usually use roundup for conservation agriculture. 

Similar findings also reported that farmers use different types of herbicides to control crop weeds in 

Amhara region (Alemu, 2015; Begna, 2015; Sintayehu and Tibebe, 2016, Tassew and Wurzinger, 

2016; Bizuayehu, 2017; Zewdie, 2017).  
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Table 10: List of herbicides in use 

Trade names Active ingredients 

(AI) 

Nature of weeds Types of grain & 

horticulture 

Stage of crop during 

the application 

Agro- 2,4-D 

amine 720g/l A.E 

2,4-D 720 g/l A. E Crop weeds  Millet, corn, sorghum, 

wheat, Teff, Barley, 

rice 

During flowering 

time, at the time of 

germination, and 30 

to 35 days after 

seeding  

Zura 2,4-D 720 g/l A. E Broad leafed weeds Millet, corn, sorghum, 

wheat, Teff, Barley 

35-40 days after 

planting 

Roundup  Glyphosphate 48% Any weeds Any crop Before sowing   

Glycel Glyphosphate 48% Broad leaf weeds   Millet, corn, sorghum, 

wheat, Teff, Barley 

Pre-emergence 

Glymax Glyphosphate 48% Sedges, grasses and 

broad-leaved weeds  

Millet, corn, sorghum, 

wheat, Teff, Barley e 

Pre-emergence 

Trustsate 360 SL Glyphosphate 48% Annual & perennial 

grasses & broad-

leaved weeds 

Millet, corn, sorghum, 

wheat, Teff, Barley e 

Pre-emergency 

Linkosate 48 SL Glyphosate-isopropyl 

ammonium 

Annual & perennial 

weeds 

Millet, corn, sorghum, 

wheat, Teff, Barley 

Pre-emergence 

Primagram S-metolachlor 290 g/l 

+ atrazine 370 g/l 

Broad leaf and grass 

weeds 

Millet, corn, sorghum, 

wheat, Teff, Barley 

Pre-emergence 

Pallas 45 OD Pyroxsulam Grass and broad leaf 

weeds  

Millet, corn, sorghum, 

wheat, Teff, Barley 

Pre-emergence  

Butrazine 48 SC butachlor + Atrazine Annual and perennial 

broadleaf & grasses 

weeds  

Millet, corn, sorghum, 

wheat, Teff, Barley 

Pre-emergence 

 

Agrochemicals mixing practices  

During FGD discussion and key informant interviews, farmers and development practitioners 

described that farmers mix different type of agrochemicals (Table 11). Instead of using singular type of 

agrichemical, famers tend to mix more two types insecticides and also mix insecticides with 

fungicides. The reasons for mix   different types of agrochemicals include to save time and energy, for 

synergy effect and to minimize the cost of knapsack rent. However, farmers did not recognize that this 

kind of mixing of products could be less effective and cause adverse effects to their health, honeybees 

or the environment. These kinds of misuses cause a lot of hardship to them and others in the long run. 

Moreover, such practices may lead to pests and diseases resistance to agrochemicals application. 

Farmers also do not have no any clear knowledge on the ratio of the mixes rather individual based. 

Ngowi et al. (2007) reported that interactions among insecticides, fungicides and water mineral content 

can influence the efficacy (more toxic, less efficient, neutralized or resistant) of pesticides against 

fungal pathogens and insect mortality, while some mixtures induced phytotoxicity on tomato, onion 

and cabbage. Previous findings showed that mixing of different agrochemicals by smallholder farmers 
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is a very common practices in different parts of Ethiopia (Tassew and Wurzinger, 2016; Belay et al., 

2017; Zewdie, 2017; Gebrecherkos, 2018).  

Table 11: Farmers’ agrochemicals mixing practices  

Agrochemicals combination Types of agrochemicals  

Endosulfan + diazinon + malathion Three insecticides 

Endosulfan + diazinon Two insecticides  

Malathion + Diazinon  Two insecticides 

Malathion + Mancozeb Insecticide + Fungicide 

Mancozeb + chlorothaloni Two fungicides  

Ridomil +profit Fungicide + Insecticide 

Mancozeb +profit Fungicide + Insecticide 

Glycel + 2, 4-D Two herbicides  

Roundup + 2, 4-D Two herbicides 

 

Time of Agrochemicals Applications  

As shown in Table 12, the majority of interviewed beekeeping respondents were applying the 

agrochemicals on their crops in the morning (50%) and any late afternoon (25.2%) periods in which the 

honeybee colonies are becoming active for foraging. Similarly, the majority of interviewed non-

beekeeping respondents were applying agrochemicals in the morning (58%) and any time convenient 

(23%) for them. Thus, the results could explain how much the time of agrochemicals applications risky 

to honeybees. The results were found to be in line with the findings of various scholars who indicated 

that farmers apply agrochemicals at different time and overlap with active honeybees foraging period 

(Begna, 2015; Dawit et al., 2016; Sintayehu and Tibebe, 2016; Bizuayehu, 2017; Zewdie, 2017). The 

results also showed that all the respondents spray the different agrochemicals.   

 

Table 12: Time of agrochemicals application, mode of application and its sources  

Variables  Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Time of application     

Morning 135 50 157 58 

Late afternoon  68 25.2 35 13 

Night 21 7.8 16 6 

Any time 46 17 62 23 

Mode of application     

Dust 270 100 270 100 

Spray - - - - 

Source of agrochemicals     

Government - - - - 

Traders 228 84.4 216 80 

Cooperatives  42 15.6 54 20 

N = number of respondents 
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Sources of Agrochemicals and Buying Practices  

The major sources of agrochemicals for both beekeepers and non-beekeepers are traders (Table 20). 

Moreover, livestock development agents and district livestock experts realized that nowadays farmers 

have been purchasing agrochemicals from open market, shops, veterinary pharmacies in very small 

amount and farmers also engaged in retailing agrochemicals. They also highlighted that the role of 

cooperatives in supplying agrochemicals is very less as the cooperatives are inaccessible to most 

farmers and do not supply all the needed agrochemicals as the cooperatives are not confident enough 

whether they able to sale out if they have wide range of agrochemicals in large volume. Similar 

findings revealed that farmers buy different type of agrochemicals form the local market in smaller 

quantities (Begna, 2015; Belay et al., 2017; Zewdie, 2017; Gebrecherkos, 2018). 

During the FGDs, farmers also stated that they usually buy agrochemicals in small quantities either 

from open market or shops. They didn’t check the expiry date of the agrochemicals and indeed, they 

trust agrochemicals sellers and lack knowledge on the importance of expiry date of agrochemicals. 

Similar findings were also reported that farmers usually purchase the agrochemicals they need from 

open market, from both licensed and unlicensed vendors (Fikre et al., 2016; Belay et al., 2017). 

Frequency of Agrochemicals Spray 

About 29.6% of the beekeeper’s respondents apply only once, 27.4% twice, 31.9% three times and 

12.6% apply up to four times (Table 13). Similarly, 23.3% non-beekeepers’ respondents apply only 

once, 28.5% twice, 34.4% three times and 13.7% apply up to four times. During the FGDs, both 

beekeepers and non-beekeepers sated that repeated spray of agrochemicals on a single crop is very 

common. Livestock developments also described that in most irrigated areas such as Mecha and Fogera 

districts farmers spray insecticides up to 6-8 times on a single crop at one cropping season. Moreover, 

district livestock experts and livestock development stated that farmers frequently used pesticides to 

control “Chat” pests. Other findings also reported that farmers frequently spray agrochemicals on a 

single crop at one cropping season (Begna, 2015; Belay et al., 2017; Zewdie, 2017; Gebrecherkos, 

2018). 

Table 13: Frequency of agrochemicals spray 

Frequency of spray Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Once 80 29.6 63 23.3 

Twice  74 27.4 77 28.5 

Three times  86 31.9 93 34.4 

Four times 30 12.6 37 13.7 

N = number of respondents 
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Season of Agrochemicals Applications 

The study showed that different kinds of agrochemicals have been used during the rainy and dry 

seasons (Table 14). Both beekeepers and non-beekeepers’ respondents follow similar season of 

agrochemicals applications. The most common months of agrochemicals application include June-

September, November-December and March-April.  

Table 14: Stage of crop when agrochemical is used 

Crop stages Months of application 

Jan Feb Mar Apr M Jun Jul Aug Sep Oct Nov Dec 

Pre-sowing and pre-emergence (herbicides)             

Before flowering (insecticides, fungicides, herbicides)             

Before flowering and at fruiting (insecticides, 

fungicides) 

            

Whenever pests/diseases occur (insecticides, fungicides)             

 

Perceived Effects of Agrochemicals on Honeybees and Honey  

The results showed that all the respondents confirmed that the agrochemicals have been killing 

honeybees (Figure3, Table 15). Similarly, all agricultural development practitioners, livestock and 

beekeeping researchers also witness that the life of honeybees are at risk due mis-and-over uses of 

different type of agrochemicals. Very surprisingly, only 2.7% of beekeeping respondents practice 

means of protection of honeybees from the negative effects of agrochemicals (Table 15). This 

condition, deadly sure will worsen the effects of agrochemicals application on honeybee populations.  

Table 15: Farmers perception on the negative effects of agrochemicals on honeybees and honey quality 

Variables  Beekeepers 

(N = 270) 

Non-beekeepers  

(N = 270) 

N % N % 

Do you think that agrochemicals have effects on 

honeybees? 

    

Yes 270 100 270 100 

No - - - - 

Did you practice protection measure of honeybees 

from the negative effects of agrochemicals? 

    

Yes  10 2.7 - - 

No 260 96.3 270 100 

Do you think that agrochemicals have effects on the 

quality of honey? 

    

Yes 24 8.9 - - 

No  246 91.1 270 100 
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Figure 3: Agrochemicals poisoned dead honeybees found in different places 

 

Different scholars also reported that use of agrochemicals brought about a significant colony loss in the 

region (Lowore, 2013; Begna, 2015; Zewdie, 2017; Gebrecherkos, 2017). According the research 

reports of ARARI (Unpublished), the reason for the honeybees’ colony massive death in Amhara 

region is due to mis-and-over uses of agrochemicals and the highest colony massive death was 

happened during the month of June to August and September to November. The results also showed 

that the majority of the respondents didn’t know the agrochemicals negative effects on the quality of 

honey. Livestock and beekeeping development practitioners described the impact of agrochemicals on 

honeybees: 

‘‘Due to agrochemicals nowadays the death of honeybees is increasing from time to time in different 

parts of the region. They also explained that due to agrochemicals, the honeybees didn’t return to the 

hive after their foraging trip.’’ (FGD, February 2018) 

Information on Proclamations and Bylaw  

The results revealed that all the respondents didn’t have information about the apicultural resources 

development and protection (No. 660/2009) and regulation (No. 372/2016) proclamation to protect 

honeybees from the negative effects of agrochemicals (Table 16). Furthermore, the results revealed that 

there was no bylaw used by the farming communities to protect honeybees from the negative effects of 

agrochemicals. However, the farming communities responded positively the importance of the 

proclamations. But livestock and beekeeping development practitioners and researchers emphasized to 

teach both beekeepers and non-beekeepers on the importance of honeybees and the negative effects of 

agrochemicals on honeybees, environment and human health.    
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Table 16: Information on proclamations and bylaw to protect honeybees from the negative effects of 

agrochemicals 

           Variables  Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Do you have information about the apicultural 

resource’s development and protection (No. 

660/2009) and regulation (No. 372/2016) 

proclamation to protect honeybees from the 

negative effects of agrochemicals? 

    

Yes - - - - 

No 270 100 270 100 

Do you have bylaw to protect honeybees from 

the negative effects of agrochemicals? 

    

Yes - - - - 

No 270 100 270 100 

Did you think such proclamations are need?     

Yes 270 100 270 100 

No - - - - 

N = number of respondents 

Role of Honeybees for Crop Production and Integrated Pest Management Practices  

Regarding the roles of the honeybees on the production and productivity of the grain and horticultural 

crops, 95.6% of beekeeping respondents and 97% of the non-beekeeping respondents didn’t know the 

significant roles of honeybees to pollinate grain and horticultural crops (Table 17).  

Even if, Integrated Pest Management (IPM) is a tested technology in the control of crop pests in the 

country and globally, it is understood from the results that the maximum number of beekeeping 

respondents (94.8%) and 93% of the non-beekeeping respondents didn’t know IPM (Table 17). During 

the FGDs, beekeepers, non-beekeepers, both crop and livestock experts also revealed that nowadays 

IPM has not been used by farmers as an alternative to synthetic agrochemicals. Livestock development 

practitioners explained the use of agrochemicals in the farming communities: 

‘‘The promotion of agrochemicals in relation to increasing crop productivity has however 

made a complete shift in the region. Moreover, nowadays most farmers didn’t see the 

importance of consulting extension workers before using agrochemicals for different 

purposes.’’ (FGD with region livestock experts, April 2018) 

Furthermore, 97% of beekeeping respondents and 95.2% of the non-beekeeping respondents have 

never used or practiced IPM in their contexts. This showed that mechanisms should be designed to 

educate farmers on the importance of IPM and to consider agrochemicals use as last options. Other 

findings also showed IPM is not used by farmers before using agrochemicals (Begna, 2015; Zewdie, 

2017; Gebrecherkos, 2018). 
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Table 17: Farmers perception on the role of honeybees for pollination services and IPM 

Variables  Beekeepers (N = 270) Non-beekeepers (N = 270) 

N % N % 

Do you think that honeybees have a role on 

crop production? 

    

Yes 12 4.4 8 3 

No 258 95.6 262 97 

Do you know IPM?     

Yes 14 5.2 19 7 

No 256 94.8 251 93 

Have you ever applied IPM?     

Yes 8 3 13 4.8 

No 262 97 257 95.2 

N = number of respondents 

Handling of Agrochemicals and Containers  

The results revealed that, the majority of respondents didn’t have access for skill training how to 

handle and use agrochemicals. Farmers usually store agrochemicals anywhere in the house. Farmers 

and development practitioners described that farmers throw empty agrochemical containers anywhere 

in the farm or around residence. However, most of the disposal measures for agrochemicals packaging 

come with significant environment and health risks, as usually around 2% of the agrochemicals still 

remains in the empty packaging (Briassoulis et al., 2014). Similar findings showed that common way 

of disposing empty agrochemical containers include throwing in the field and irrigation canals or rivers 

(Belay et al., 2017).  

Farmers didn't use protective cloths while spraying agrochemicals. The reasons outlined by farmers 

why they did not use protective clothe while spraying agrochemicals are most of farmers don't feel that 

protective cloths are important, while others had no idea about importance of protective clothes. 

Farmers also highlighted that they didn’t get any advice from agrochemicals sellers about how to use 

agrochemicals. Livestock and beekeeping experts and researchers and crop experts also witnessed that 

farmers didn’t received any instructions from agrochemical suppliers. Similar findings revealed that 

farmers didn’t care about the proper handling of agrochemicals and disposal of used containers (Begna, 

2015; Belay et al., 2017; Zewdie, 2017; Gebrecherkos, 2018). 

Stakeholders Support and Integration to Minimize the Impact of Agrochemicals 

With regard to stakeholder’s support and integration, all development practitioners and researchers 

highlighted that the understanding and advice given to farmers on the use of agrochemicals so as to 

minimize the negative effect of agrochemicals on honeybees are very limited. The issue is one of the 

critical factors that have hindered not only beekeeping development but also grain and horticulture 

production in Ethiopia. Scholars also argue that the weakness stems partially from the absence of 

sound linkage policies in the agricultural knowledge generation and transfer systems (Lemma et al., 

2008; Tegegne et al., 2010; Dessie et al., 2013). 
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Economic Losses Incurred due to Agrochemicals Application 

Data has been collected from beekeepers on the number of honeybee colonies died, and absconded due 

to agrochemicals application. Hence, while estimating the economic losses incurred due to 

agrochemicals application 800 ETB was taken as average selling price of a single honeybee colony. As 

shown in Table 18, the economic losses incurred due to agrochemical applications are quite big.  

To this fact Begna (2015) estimated a financial loss of 5,461,942 ETB /$273,097/ from beekeeping due 

to agrochemicals applications in Mecha, Dangila and Guangua districts of Amhara region. Alemu 

(2015) also estimated a financial loss of 834, 910 ETB from beekeeping due to agrochemicals 

applications in South Wollo and Waghimra Zones of Amhara Region. Similarly, Zewdie (2017) 

estimated a financial loss of 226,548 ETB from beekeeping due to agrochemicals applications in 

Chilga district of Amhara Region. 

Table 18: Losses incurred due to agrochemicals applications  

Honeybee colonies Number of honeybee 

colonies 

Estimated selling price of 

one honeybee colony 

Total economic losses (ETB/USD) 

Dead  6300 800 5,040, 000/$184, 683 / 

Absconded  8100 800 6,480,000/$237, 450 / 

Total   11,520,000/$422,133 / 

 

Implications in Impairing Beekeeping Transformation   

Nowadays there are high interest and practices to transform the beekeeping sub-sector in Ethiopia. But 

the heath of honeybees’ population is at risk due to indiscriminate of use agrochemicals both by 

beekeepers and non-beekeepers. Hence, death of honeybees would be detrimental effects to the 

livelihoods of smallholder farmers in Amhara region. Furthermore, peas, beans, soya beans, tomatoes, 

avocado, and mango are the important grain and horticultural crops and these crops need honeybees for 

pollination services. This means that without honeybees, there would be a significant shortage of 

grains, vegetables and fruits because of the lack of pollination services by honeybees. Study also 

showed that the decline in honeybee population has a significant threat to food production in many 

parts of the world (Potts et al., 2010; Bianco et al., 2014). This is because of the strong dependence of 

a large of grain and horticultural crops production on pollination by honeybees (Klein et al., 2007; 

Bradbear, 2009.). Similarly, improved forage for livestock such as alfalfa needs honeybees for 

pollination services. This means that without honeybees, the use of improved forage such as alfalfa 

would be difficult.  

Conclusion and Recommendations  

The results of this study revealed that beekeeping has been contributing to the livelihoods of 

smallholder farmers in Amhara region, mainly through provision of nutritional product for home 

consumption and income source from the sales of hive products and honeybee colonies. The trends in 

the past five-ten years, however, showed that honeybee colony holding and productivity had decreased 

due to indiscriminate use of agrochemicals, among others.  
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Both beekeepers and non-beekeeper farmers have been using different type of agrochemicals to control 

crop pests, diseases and weeds and in some areas, farmers used herbicides to destroy pasture land 

weeds. Farmers also stated that they are already aware of the negative effects of agrochemicals on 

honeybees. Nevertheless, the existing practice shows that applications of agrochemicals are continuing 

without attitudinal changes. The results also showed that farmers purchased agrochemicals from legal 

as well as illegal sellers without proper understanding on the expiry date. Farmers use agrochemicals in 

violation of the recommendations: ignore risks and safety instructions, use unsafe storage facilities, do 

not use protective devices when applying agrochemicals, and dispose agrochemicals containers 

unsafely.  

The findings demonstrated that, not only honeybees, even the lives of farmers are at risk due to the 

very low understanding of farmers and other stakeholders on the impact of agrochemicals on human 

health. Beekeepers, non-beekeepers and both crop and livestock experts revealed that nowadays IPM 

has not been used by farmers as an alternative to synthetic agrochemicals. The results also showed that 

the economic losses incurred due to agrochemical applications are quite big in the region. Thus, the 

indiscriminate use of agrochemicals is one of the major threats to transform the beekeeping sub-sector 

development. Therefore, very strong actions are needed by concerned and responsible stakeholders to 

save the life honeybees.   

Based on the study findings, the following specific issues are proposed for actions by the concerned 

and responsible bodies so as to minimize the negative effects of agrochemicals on honeybees in 

particular and to human health and biodiversity in general:   

For farmers:   

1. Training to farmers the role of honeybees for pollinating vegetable, fruits and cereals crops and 

forages  

2. Training farmers on the negative effects of agrochemicals and the best practices to minimize 

the negative effects of agrochemicals on the honeybees, human health and environment   

3. Start school’s education program as an indirect method of attempting to educate parents in the 

use of agrochemicals  

4. Advice to farmers to follow cluster approach for agrochemicals application 

5. Advice to farmers to use integrated pest management (IPM) to reduce the need for 

agrochemicals applications 

6. Advice to farmers to avoid agrochemicals applications during crops blooming 

7. Advice to farmers to select the least toxic agrochemicals when possible 

8. Advice to farmers to spray agrochemicals late afternoon or evening. Evening agrochemicals 

spray may also help control pests that are active and laying their eggs at night  

9. Establish kebele level community taskforce to mitigate the problem caused by agrochemicals 

For development practitioners: 



Ethiopian Society of Animal Production 2018 

 

35 
 

1. Training to understand the role of honeybees for pollinating vegetable, fruits and cereals crops 

and forages  

2. Improve the technical capacity of development practitioners, district level administrators and 

other stakeholders so as to commit to minimize the negative effects of agrochemicals on 

honeybees, human health and environment 

For agrochemicals sellers:  

3. Improve the technical capacity of agrochemicals sellers so as to commit to minimize the 

negative effects of agrochemicals on honeybees, human health and environment 

Research aspect:  

1. Monitoring of agrochemicals impacts on hive products such as honey through ecotoxicology 

monitoring including residue analysis and biodiversity monitoring 

2. Testing and demonstrating alternative crop pest, diseases and weeds control on yield, 

biodiversity and human health. 

Policy aspect: 

Regional level 

1. Awareness creation to the Amhara regional state policy makers to influence policy on 

agrochemicals use 

2. The Amhara regional state should have policies and proclamation on apiculture resources 

development and protection, which is based upon the region’s realities   

3. The regional state should also develop a strategy that properly address apiculture extension 

services with agrochemicals applications guidelines for the control of the indiscriminate use of 

agrochemicals in the region 

Federal level 

4. Awareness creation to the policy makers to influence policy on agrochemicals use 

5. The federal government should establish National Biodiversity and Agricultural Stakeholder 

Group to provide supportive policy environment for safe use of agrochemicals 
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Summary  

The paper is prepared based on a review of safety and quality aspects of agricultural products and 

associated regulatory situations in the developed world and in developing countries particularly in 

Ethiopia. Information was also collected by making discussions with representatives of different 

regulatory agencies. Feed-food hazards and quality loss can occur at several stages along the chain of 

agri-food chain. To overcome the problems related to safety and quality of agricultural products, 

developed countries have used to practice HACCP (Hazard Analysis and Critical Control Points), 

throughout the agri-food chain. They have established a system of integrated and comprehensive farm-

to-table approach in which the producer, processor, transporter, and consumer all play a role in 

ensuring the quality and safety of foods. They implement Good Agricultural Practices (GAP), Good 

Manufacturing Practices (GMP), Good Hygienic Practices (GHP) Good packaging practices (GPP), 

Good labelling practices (GLP). In developing countries particularly in Ethiopia, there are 

opportunities helping to effect production of safe and quality of agricultural products. The existence of 

different regulatory institutions and policy directives are some of the opportunities used to implement 

control of the safety and quality of agricultural products. Practically, however, the quality and safety 

control system of agricultural products in Ethiopia is at the lowest level of development. Insufficient 

coordination and networking mechanism among regulatory bodies, weak enforceable framework 

towards protection of quality and safety aspects of agricultural products and insufficient awareness 

towards quality control system of agricultural products among the public could be the possible 

reasons. To ensure the safety and quality of agricultural products, regulatory bodies need to have 

strong coordination among them and require to have up-to-date guidelines that go in line with the 

current advances in the technological development. There is a need to establish one National Safety 

and Quality control body that can coordinate the existing Regulatory bodies to be able enforce food 

legislations and regulations among the public. The existing policy on quality and safety of agricultural 

products are mainly focusing on foods which is the final product of agriculture. The proper mechanism 

for attaining effective safety and quality control system of foods would be considering the entire 

agricultural processes starting from production to consumption. Food is the end product of livestock 

feeds, as with foods quality and safety regulations should focus on livestock feeds along the production 

to utilization chain. In addition, the application of HACCP across the entire agricultural system would 

have significant contribution for effective production of safe and good quality agricultural products. 

There is a need of internationally accredited quality and safety testing laboratories and certification 

system in the country. 

 

Key words: Feed, safety, Livestock products, Quality control 
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Introduction 

The Ethiopian economy is highly dependent on agriculture. The livestock sub sector plays a vital role 

as source of food, income, employment, draught power and foreign currency to the national economy 

(Hadera, 2002) and they are also the sole source of livelihoods for the pastoral communities. 

Agricultural production in Ethiopia is moving towards market-oriented system in which domestic and 

export market is growing. With the growth of tourism industry, urbanization and increased incomes of 

consumers control of food safety and quality becomes crucial task. There is also strong concern for the 

public health risks caused by unsafe and inferior quality of agricultural products availed to the markets. 

Animal products constitute an important item of human food and are indispensable components of the 

food chain. The animal feed industry that is covering the highest cost (40 - 60%) is an important input 

for human food hence, the source of food of animal origin is feed (FAO, 2006). 

Feed quality has several aspects: nutritional value, physical characteristics and safety issues. Although 

the animal feed industry has been paying attention to nutritional aspects, a great concern should be 

given to feed safety as it directly influences the safety of food of animal origin the factors that affect 

feed and food safety are categorized into biological, chemical and physical contaminants (Feed 

industry HACCP auditor manual 2011). In the globalized world where movement of food through 

international trade is growing, guarantying the quality and safety of imported, exported and locally 

produced food products become basic requirements (FAO, 2006). Besides affecting the public health 

unsafe feeds and foods could threaten the domestic and export trade. The safety and quality of feeds 

and foods can be ensured through implementation of HACCP program across the chain from 

production to consumption. 

Laws and regulation in the area of agri-food production are vital for granting the safety and quality of 

foods and safeguarding consumers from health risks and promoting local and international trade. Food 

safety can be ensured by integrated effort of all sectors and associated good practices (Raspor, 2007; 

Girmachew 2015). This paper therefore aims to present an overview of food safety system in the 

developed world and in Ethiopia and forward suggestions to bridge the gaps in the current food safety 

and quality control system in the country. 

Experiences on quality and safety control system of agricultural products in the developed world 

In the developed world quality and safety programs are employed in the animal feed Industry with a 

goal of producing safe and good quality animal products to consumers. To ensure good feed 

manufacturing, storage, and feed utilization practice they follow HACCP program supported by 

enforcing laws and regulations. The HACCP certified feed manufacturing plant in Canada is one of the 

examples in which every practice from feed production to utilization is guided by feeds act and 

regulations. Another example is the hygienic practice of feeds along the production and utilization 

chain of the European Union (EU) based on Regulation (EC) No 183/2005 which is demonstrated by 

multiple Codex Alimentarius guidelines (Ghent University, 2011). The mechanism of feed quality and 

safety control system is science based through application of Good Agricultural Practices (GAP), Good 

Hygienic Practices (GHP), Good Manufacturing Practices (GMP), Good Packaging Practices (GPP), 
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Good Labeling Practices (GLP) and Hazard Analysis and Critical Control Point system (HACCP) 

(FAO/WHO, 2003). They have established food safety and quality assurance systems and could export 

their products without barriers and became competitive in the global trade. Food safety is given a great 

concern not only because of its impact on domestic and international trade but also for maintaining the 

public health.  An international trade agreement developed by the World Trade Organization (WTO) 

have emphasized the need for regulations governing international trade in foods to be based on 

scientific principles. The Sanitary and Phyto-sanitary Agreement (SPS) permits countries to take 

legitimate measures to protect the life and health of humans, animals and plants (FAO and WHO, 

2005). International commissions and organizations involved in setting standards include ISO, Codex 

Alimentarius Commission, the EU commission and the USA. Another organization is the International 

Meat and Poultry HACCP alliance that has been formed based in Texas A & M's Center for Food 

Safety. It is an industry-driven organization that has 21 industry association members, 31 universities, 

and regulatory agencies. The Texas Cattle Feeders Association (TCFA) was one of the charter 

members. The goal of the alliance is to establish standardized training opportunities at universities and 

private companies throughout the U.S.A. This organization provides training opportunities for TCFA 

members which lead to have at least one HACCP certified person on their staff (Cross, 1995). 

Application of HACCP program in livestock feed in developed world 

The HACCP approach for ensuring food safety was developed in the 1960’s in the USA by a food 

company as part of its efforts to produce foods for the space program. Developed countries have 

employed HACCP approach for food quality assurance system in the animal feed sector and they 

recognize that the feed industry is part of the food chain and they use the slogan "Feed for Food". The 

public have awareness on the safety status of animal products in the market and the related regulations. 

Application of HAACP allows control of feed production to assure that microbial, chemical and 

physical contaminants, additives and other undesirable substances that could contribute to food risks 

are controlled (Cross, 1995). Application of HACCP program has come in to picture because the feed 

manufacturing and livestock industries have faced severe food safety incidents. The outbreak of Bovine 

Spongiform Encephalopathy (BSE), the Belgium Dioxin Crisis, which occurred in 1999 due to 

contaminated fat supplied to stock feed manufacturers, the 1993 Jack-in-the box hamburger E. Coli 

O157:H7 outbreak, the Mad cow disease and dioxin contamination of Brazilian citrus pulp (1998), 

food borne pathogens accounting up to seven million cases of food borne illness 7,000 deaths per year 

in the U.S.A. were some of the important impulses for implementation of HACCP programs. Australia 

is another example in the developed world that has adopted HACCP program in agricultural production 

by recognizing food safety assurance from farm to fork.  For example, appropriate critical control 

points are developed and monitored for a calf at grazing/feeding, slaughter, and at the retail level to 

maintain safe and good quality meat. Feed manufacturers and feed suppliers are certified for good feed 

manufacturing program (GMP) based on established standards. Livestock farmers are also participating 

in the quality control program in which they are obliged to purchase feeds only from GMP-certified 

feed suppliers). The objectives of animal feed quality program in these countries are to produce and 

supply animal feeds which are safe for consumers of animal products, for the animals and for the 

environment. The program is enforced by legislation and all stakeholders in the chain implement the 

program demonstrably and transparently. For example, microbial contaminants such as Salmonella and 

E. coli that can use feed ingredients as a vector and transfer to animal products are prevented by 
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employing good animal practices by the use of clean water and prevention of faecal contamination of 

water and feedstuffs, cleaning and sanitizing of pens, feed bunks, and water troughs, avoidance of 

overcrowding, avoidance of commingling of sick and healthy animals, etc. (Cross, 1995). By 

employing a comprehensive feed control program through HACCP, developed countries has resulted in 

the supply of E. coli and Salmonella-free feed to animals in the overall food supply chain.  

ISO  

ISO is an International Organization for Standardization. Through ISO, International Standards for 

different sectors such as health, services, food, climate, water and many others are established and 

documented. These standards give guidance that helps to work on the real world. ISO International 

Standards ensure that products and services are safe, reliable and of good quality. For business, they 

are strategic tools that reduce costs by minimizing waste and errors and increasing productivity. They 

help companies to access new markets and facilitate global trade. ISO has over 21000 International 

Standards covering almost all aspects of technology and business and all the standards can be found in 

the ISO store (http://www.iso.org/iso/home.html). The following are some of the ISO standards 

developed for various sectors. 

1. ISO 9000 Quality management 

2. ISO 14000 Environmental management 

3. ISO 3166 Country codes 

4. ISO 26000 Social responsibility 

5. ISO 50001 Energy management 

6. ISO 31000 Risk management 

7. ISO 27001 Information security management 

8. ISO 45001 Occupational health and safety 

9. ISO 37001 Anti bribery management systems 

10. ISO 13485 Medical devices 

11. ISO 22000 Food safety management 

12. ISO 22000:2005 is a HACCP-type standard especially developed to assure food safety source: 

Pillay and Muliyil, 2005 In: Henok et al., 2013).  

 

CODEX Alimentarius  

Codex Alimentarius is a Latin word meaning a food code. It is also code for food 

additives, pesticide residue, veterinary drugs, and other aspects that affect consumer food safety. 

CODEX was established with the purposes of protecting public health and minimizing disruption of 

international food trade. Codex Alimentarius is a collection of international food safety standards that 

have been adopted by the Codex Alimentarius Commission (the “Codex”). Codex is basing in Rome 

and is a joint intergovernmental body of the Food and Agriculture Organization of the United Nations 

(FAO) and World health Organization (WHO) composing 186 Member States and one Member 

Organization (EU). Codex has worked since 1963 to create harmonized international food standards to 

http://www.iso.org/iso/home.html
http://www.iso.org/iso/home/standards/management-standards/iso14000.htm
http://www.iso.org/iso/home/standards/country_codes.htm
http://www.iso.org/iso/home/standards/iso26000.htm
http://www.iso.org/iso/home/standards/management-standards/iso50001.htm
http://www.iso.org/iso/home/standards/iso31000.htm
http://www.iso.org/iso/home/standards/management-standards/iso27001.htm
http://www.iso.org/iso/home/standards/management-standards/iso45001.htm
http://www.iso.org/iso/home/standards/management-standards/iso37001.htm
http://www.iso.org/iso/home/standards/management-standards/iso13485.htm
http://www.iso.org/iso/home/standards/management-standards/iso22000.htm
http://www.businessdictionary.com/definition/code.html
http://www.businessdictionary.com/definition/food-additive.html
http://www.businessdictionary.com/definition/food-additive.html
http://www.businessdictionary.com/definition/pesticide-residue.html
http://www.businessdictionary.com/definition/drug.html
http://www.businessdictionary.com/definition/consumer.html
http://www.businessdictionary.com/definition/food.html
http://www.businessdictionary.com/definition/safety.html
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protect the health of consumers and ensure fair trade practices 

http://www.who.int/foodsafety/areas_work/food-standard/en/. It has a mission of protecting food 

safety and promoting world food trade by adopting guidelines and standards and its decisions are 

enforced through the World Trade Organization (WTO) which considers its Guidelines and Standards 

as presumptive evidence in WTO trade disputes (http://www.eufic.org/article/en/artid/codex-

alimentarius/). Members of WTO applying the Codex Alimentarius standards meet their obligations 

under the WTO Agreement on Sanitary and Phyto-Sanitary Measures (SPS). Thus collaboration 

between WTO and the Codex Alimentarius concerns the use of international food safety standards in 

the context of the SPS Agreement. The WTO's SPS Agreement states that “to harmonize sanitary and 

phyto-sanitary measures on as wide a basis as possible, members shall base their sanitary or phyto-

sanitary measures on international standards, guidelines or recommendations”.  

 (http://www.eufic.org/article/en/artid/codex-alimentarius/). Codex standards can be general or 

product-specific. General standards include those on hygiene, labelling, pesticide and veterinary 

medicine residues, import and export inspection and certification systems, methods of analysis and 

sampling, food additives and contaminants. Specific standards include all types of foods such as fruit, 

vegetables, cereals, pulses, oils, fish, meat, sugar, cocoa, chocolate, and dairy products  

(http://www.eufic.org/article/en/artid/codex-alimentarius/). Codex has developed over 200 standards 

covering processed, semi-processed or unprocessed foods intended for sale for the consumer or for 

intermediate processing; over 40 hygienic and technological codes of practice; evaluated over 1000 

food additives and 54 veterinary drugs; set more than 3000 maximum levels for pesticide residues; and 

specified over 30 guidelines for contaminants 

 (http://www.who.int/foodsafety/areas_work/food-standard/en/). 

U.S. Codex & Codex Alimentarius 

The U.S. Codex Office is an interagency partnership that engages stakeholders in the development and 

advancement of science-based food standards for the benefit of the United States and the worldwide 

community. The Codex Alimentarius Commission accomplishes its work through Committees hosted 

by member governments. The committee comprises general subject committees, commodity 

committees, task forces, and regional coordinating committees. The committee prepares strategy plan 

and presents a shared vision and a clear strategy to guide the future of U.S. Codex. The US Codex 

Committee has established links to other agencies or international groups involved in Codex activities. 

The Codex Alimentarius Commission has more than 180 member countries and all Codex texts can be 

exploited from the codex website which is www.codex alimentarius.org. The Codex Alimentarius 

Commission develops and adopts food standards that serve as a reference for international food trade 

with objectives of protecting consumers' health, ensuring fair practices in international food trade and 

coordinating all food standards work done by international governmental and non-governmental 

organisations. WTO members applying the Codex Alimentarius standards meet their obligations under 

the World Trade Organisation Agreement on Sanitary and Phytosanitary Measures (SPS Agreement) 

(Tesfa,  2010). US CODEX commission is also working on animal feeding through a committee 

designated as Task Force on Animal Feeding (TFAF). The committee is part and parcel of United 

States Department of Agriculture (USDA) 

http://www.who.int/foodsafety/areas_work/food-standard/en/
http://www.wto.org/english/tratop_e/sps_e/spsund_e.htm
http://www.eufic.org/article/en/artid/codex-alimentarius/
http://www.eufic.org/article/en/artid/codex-alimentarius/
http://www.fsis.usda.gov/wps/portal/fsis/topics/international-affairs/us-codex-alimentarius/committees-and-task-forces/general-subject-committees/ct_index
http://www.fsis.usda.gov/wps/portal/fsis/topics/international-affairs/us-codex-alimentarius/committees-and-task-forces/commodity-committees/ct_index
http://www.fsis.usda.gov/wps/portal/fsis/topics/international-affairs/us-codex-alimentarius/committees-and-task-forces/commodity-committees/ct_index
http://www.fsis.usda.gov/wps/portal/fsis/topics/international-affairs/us-codex-alimentarius/committees-and-task-forces/ad-hoc-intergovernmental-task-forces/ct_index
http://www.fsis.usda.gov/wps/portal/fsis/topics/international-affairs/us-codex-alimentarius/committees-and-task-forces/regional-coordinating-committees/ct_index
http://www.codexalimentarius.org/codex-home/en/
http://www.codexalimentarius.org/codex-home/en/
http://www.wto.org/english/tratop_e/sps_e/spsund_e.htm
http://www.wto.org/english/tratop_e/sps_e/spsund_e.htm
http://ec.europa.eu/food/safety/international_affairs/standard_setting_bodies/codex/organisations/eupositions/tfaf/index_en.htm
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(http://ec.europa.eu/food/safety/international_affairs/standard_setting_bodies/codex/index_en.htm). 

EU and Codex Alimentarius 

All EU countries are members of the Codex Alimentarius Commission. In 2003, the EU also joined, 

sharing competence with EU countries depending on the level of harmonization of the respective 

legislation. Decision 2003/822/EC describes relevant working procedures and constitutes a legal basis 

for accession of the EU to Codex.  

(http://ec.europa.eu/food/safety/international_affairs/standard_setting_bodies/codex/index_en.htm) 

The Codex Committees works in animal feed for Good Animal Feeding with the intention of 

addressing food safety on food problems related to toxic substances, pathogens, storage situations, feed 

additives, etc. (http://www.fao.org/fao-who-codexalimentarius/. 

Intergovernmental Task Force on Animal Feeding was established by the Codex Alimentarius 

Commission in 1999 in Switzerland to ensure safety and quality of foods of animal origin by 

formulating standards on Good Animal Feeding Practices. Standards related to animal feeding have 

been endorsed and adopted into the international food code on reduction of Aflatoxin B1 in raw 

materials and Supplemental Feeding stuffs for Milk-Producing Animals, classification of foods and 

animal feeds, code of Practice for Good Animal Feeding and guidance on Prioritizing Hazards in 

Feeds. In Canada, feed ingredients including medicated feed additives and premixes are monitored by 

the Food and Drugs Act regulations and are enforced by the Health Canada's Veterinary Drugs 

Directorate. Because medicated feeds additives appear their residues on animal products and affect 

human health, thus developed countries control this risk by implementing HACCP certification among 

feed manufacturers.  

 

The need for protecting safety and quality of feeds 

There are three categories of food safety hazards: biological hazards, chemical hazards, and physical 

hazards. Their origin can be from naturally occurring substances or agents in foods, from deterioration 

or decomposition of foods, or from contamination of the foods with the hazard at various stages of 

their production, harvesting, storing, processing, distribution, preparation, and utilization 

(Enhancement of Food Safety Standards, 2003). For many hazards, government regulatory agencies 

have established an acceptable level of the hazard in a food; the Codex Alimentarius has also 

established acceptable levels of certain hazards as part of its food standards program. For some 

hazards, such as pathogenic bacteria (e.g., Salmonella spp.), there is zero tolerance, this means that the 

presence or the detection of the hazard in the food is unacceptable. The strategies used to address 

hazards in foods include the prevention or elimination of hazards, or the reduction of hazards to 

acceptable levels. These strategies are employed in the HACCP system (Ensuring food quality and 

safety FAO, 2001). 

 

http://ec.europa.eu/food/safety/international_affairs/standard_setting_bodies/codex/index_en.htm
http://eur-lex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexplus!prod!DocNumber&lg=en&type_doc=Decision&an_doc=2003&nu_doc=822
http://www.fao.org/fao-who-codexalimentarius/
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 (1) Biological contaminants 

a. Microbiological contamination  

b. Parasites  

c. Decomposition in feed and feed ingredients  

(2) Chemical contaminants 

a. Veterinary medications (drugs) 

b. Mycotoxins  

c. Pesticide  

d. Toxic plants  

e. Heavy metals  

f. excessive minerals  

g. Unapproved feed ingredients  

h. Unapproved food additives  

(3) Physical contaminants  

(Foreign materials) 

a. Stones  

b. Wood  

c. Metal  

d. Glass  

e. Plastic  

(Feed industry HACCP auditor manual 2011). 

Factors that contributes to hazards in food include improper agricultural practice, poor 

hygiene at all stage of the food chain, lack of preventive control in food processing and preparation 

operations (stages), misuse of chemicals, contaminated raw materials, ingredients and water, improper 

storage (Food safety control system for Africa, 1999). This gives rise to food-borne health hazardous 

and require intervention by regulatory mechanisms. Regulation in this case should aim at providing 

mechanisms in which the quality and safety of food and food products can be protected at appropriate 

stages. Hence maintaining safety and quality of food measure are required not only in some end point 

of the food chain, but also in some starting point, like farm production. This is because agro-chemical 

residue in food is unmanageable at the point of consumption but it can be managed at the point of 

production by using good agricultural practice (U.S. EPA, 2007).  
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Quality and safety control systems of agricultural products in developing countries 

People in developing countries are price sensitive and few groups of the society engaged in trading of 

agricultural products may adulterate the normal quality of agricultural products (Brufau and Tacon 

1999).  There are weak control systems towards safety and quality of feeds and foods. Two types of 

food safety control systems exist globally: traditional and sciences based. Traditional food safety 

control system is a reactive approach, with the main responsibility lying on the government and does 

not involve structured risk analysis system and mainly relies on end product inspection (FAO/WHO, 

1995). It is a practice of using enforcement tools for removing unsafe food from market and punishing 

responsible parties after the fact. Traditional food safety control system is mainly practiced by 

developing countries in that they practice some sort of food control system, usually based on hygiene 

and adulteration. But they do not incorporate food laws and regulations, food control management, 

inspection laboratory services and enforcement system. They do not have mechanisms for information 

communication, education and monitoring system of the food supply (FAO, 2009). Whereas, the 

science-based food quality and safety control system is mainly practiced in the developed world and it 

is related to processes such as good agricultural practices, good hygienic practices, good manufacturing 
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practices and HACCP system. The mechanism of risk analysis system is systematic, structured and 

scientific way in order to enhance the quality throughout the food chain (FAO/WHO, 2003). 

Quality and safety control system of livestock products in Ethiopia 

Different food related enterprises in Ethiopia have received quality assurance certificate and ELFORA 

is one among them. To satisfy the increasing demands and requirement of clients for good quality and 

safe livestock products, ELFORA is engaged in upgrading abattoir facilities, improving procedures of 

slaughtering, processing of chilled carcasses of beef, mutton and goat meat. Cold truck fleet of vehicles 

is available to transport the carcasses to the pre-shipment waiting and loading point, at Bole 

International Airport in Addis Ababa, or Djibouti Port for export to the Middle East countries. Two 

ELFORA abattoirs namely Methara & Debrezeit have fulfilled hygienic standards and are approved 

and registered by the Ministry of Agriculture and Rural Development as "Export Standard" abattoirs. 

They are pioneering in the implementation of Hazard Analysis Critical Control Point (HACCP) system 

in that they employ Good Manufacturing and Good Hygienic Practices. As part of ELFORA's latest 

development in safety control assurances and product quality improvement, the veterinary laboratory 

facilities setup at its export abattoirs to perform various bacteriological examinations. All meat and 

meat product shipments are accompanied by international sanitary certificates issued by the veterinary 

authorities of the Ministry of Livestock and Fisheries development (ELFORA, 2012). In addition, 

Different local food processing factories such as Fafa Food Share Company, Addis Modjo Edible Oil 

Complex and Merti Fruits and Vegetable Processing Factory have also received HACCP certificate 

(http://allafrica.com/stories/200611090277.html). 

Opportunities for establishing quality and safety control systems of agricultural products in 

Ethiopia 

The existence of regulatory institutions 

In Ethiopia there are different governmental and non-governmental organizations participating in 

research and development activities to overcome the problems related to quality and safety of 

agricultural products. Such institutions are directly or indirectly involved in regulatory services of 

agricultural products based on a mandate given from government.  

Quality and standards authority of Ethiopia (QSAE) 

This regulatory body is the National Standards Body of Ethiopia established in 1970 and became fully 

operational in 1972. This regulatory body is positioned to safeguard Ethiopia’s interest in international 

standardization of different sectors including agriculture and food through participating in technical 

committees. Since 1978, the authority is a member of the International Organizations for 

Standardization (ISO), International Organization of Legal Metrology (OEML), International Electro-

Technical Commission (IEC), American Society for Testing and Materials (ASTM) and Codex 

Alimentations Commission (CAC). It is a founding member of the African Regional Organization for 

Standardization (ARSO). Recently it also became a member of South African Quality Institute (SAQI) 

(http://www.ethiostandadrs.org).The authority is a member of different sub committees such as 

ISO/TC 34 for food products like Cereals and Pulses (ISO/TC 34/SC 4), Coffee (ISO/TC 34/SC 15), 

Management systems for food safety (ISO/TC 34/SC 17). The authority has 7 branches: in Addis 
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Ababa, Nazrteh, Bahirdar, Hawassa, Diredawa, Mekele and Dessie. There are also representative 

Offices in Jimma, Moyale and Djibouti and the branches and representative offices providing product 

certification, calibration and verification services. Since its establishment the authority has undergone 

several restructuring programs. In 1988, based on proclamation No 102, 1988, the authority has 

reorganized and undertaken Certification, Meteorology and Testing. The authority comprises ten 

branches and Representative Offices, operating in various parts of the country and in Djibouti which 

provide product certification, calibration and verification services. In 2010, the authority has 

restructured based on proclamation No.193/201 in to four sections namely: Ethiopian Standard 

Agency, Ethiopian Conformity Assessment Enterprise, Ethiopian Metrology Institute and Ethiopian 

Accreditation Bureau.  

The Ethiopian Standard Agency: The agency is involved in setting Ethiopian standards on products, 

services and management system by establishing a system that enables check whether goods and 

services are incompliance with the required standards. Where a person is found producing or trading in 

food and food products, without holding quality mark, the authority may order the closure of the 

business undertaking or for the cessation of operations and the ban of movements of the products. The 

agency plays a great role in promoting and assisting the use of voluntary food standards and in assuring 

the proper implementation of compulsory food standard so that consumers can be provided with safe 

and good quality of domestically produced food and food products. The standards are developed for 

local products and services so as to make them competitive in the international market. The agency 

also coordinates national standardization, publishes Ethiopian Standards including product 

specifications, method of Analysis and Sampling, the agency also promotes Ethiopian Standard 

Mark and authorizes its use. It also provides technical support including trainings and 

consultancy services (National Codex standards, 2009). The Agency is implementing a quality 

management system based on ES ISO 9001 and aims to get certified by an internationally recognized 

body in the area of Ethiopian standards development.  

The Ethiopian Standards are developed by national committees which are composed of different 

stakeholders consisting of educational Institutions, research institutes, government organizations, 

certification, inspection and testing organizations, regulatory bodies, consumer associations etc. the 

requirement contained in Ethiopian Standards are consensus based that reflects the interest of the 

technical committee representatives and also of comments received from the public and other sources. 

Ethiopian standards are approved by the National Standardization Council and are kept under 

continuous review after publication and updates regularly to take account of latest scientific and 

technological changes. Orders for all Ethiopian Standards, International Standards and American 

Society for Testing and Materials (ASTM) standards are addressed to the documentation and 

Publication Team at the Head Office and Branch Offices and a catalogue of Ethiopian Standards is 

available in the agency’s website.  

 

The Ethiopian Conformity Assessment Enterprise (ECAE): The enterprise was established based 

on proclamation No 196/2003 and provides three different services: laboratory testing, certification 

and inspection. The laboratory services work on chemical, microbial, mechanical, electrical and textile 

and leather tests for Ethiopian standards (ES), ISO standards, IEC standards, ASTM standards, Britain 
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standards (BSI), Indian standards (IS)The enterprise undertakes a verification process if products, 

services and management systems are going on based on established requirements. Product 

certification focuses on foods, chemicals, leather, textile, construction materials, agricultural inputs and 

electrical products based on ISO/IEC 17065. The management system certification section provides 

services for organizations that provide certificate for people that need to be involved in business. The 

organization also provides inspection services on processes from production to transportation/loading 

(www.eca-e.com). http://www.ethiomarket.com/qsae/qsae_intro.htm. The Enterprise is accredited on:  

(i) System certification based on ISO/IEC 17021 Quality Management System including Agriculture, 

fishery, Foods and beverages.  

(ii) Microbiological testing based on ISO/IEC 17025 on yeasts and molds, total coliforms, fecal 

coliforms, and E. coli. (ESA, 2014).  

The Ethiopian Metrology Institute: this institute provides services on measurements and calibration 

The Ethiopian Accreditation Bureau: this office provides accreditation services 

http://www.ethiomarket.com/qsae/. (Yohannese and Zelalem, 2015).  

. 

Ethiopian Health and Nutrition Research Institute (EHNRI) 

This is an institution mainly engaged in research activities and provides laboratory analytical services 

on chemical and microbial analysis of feeds and foods in coordination with six regional public health 

laboratories. However, the capacity of this institute is not strong to carry out complex tests such as 

pesticide residues, aflatoxins, and certain pathogenic microorganisms and could not satisfy the 

analytical service demand of the country to support the food sector and export and import activities of 

products (FAO/WHO, 2007). 

Ethiopian Food, Medicines and Health Care Administration and Control Authority (FMHACA) 

This authority is established in accordance with Food, Medicine and Health Care Administration and 

Control Regulation No 189/ 2002. It is responsible for assuring regulation and quality of food, efficacy, 

quality and proper use of medicines, competence and ethical practice of health professionals, 

competence of health-related institution and services. The Authority’s Core Process and sub-process 

Health and health related services include: 

1. Regulatory standard setting 

2. Inspection and licensing 

3. Product Quality Assessment and Regulation 

4. Regulatory information delivery system 

5. Legal enforcement activities 

FMHACA is undertaking various initiatives to protect the public health by ensuring the quality and 

safety of food products. It is mandated to regulate the manufacturing, supply and distribution of all 

food products that are imported and manufactured locally so that the quality & safety of food products 

http://www.ethiomarket.com/qsae/qsae_intro.htm
http://www.ethiomarket.com/qsae/
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is maintained through the implementation of Good Manufacturing Practices (GMP). Current GMP 

covers all aspects including the purchase of materials, production, quality control, storage and delivery 

of finished food products and many other related factors to food manufacturing and distribution 

activities (WHO, 2008). To implement GMP, FMHACA has prepared different directives for food 

industry quality control and management, quality risk management, premises, general manufacturing 

requirements, storage area, quality control laboratory, sanitation and hygiene, packaging materials, 

reagents and media used in manufacturing, food transportation and distribution, food recall and 

disposal of unfit foods.  

FMHACA performs technical evaluation for foods and medicines that are going to be imported and 

exported and provide verification and assurance certificate. The evaluation will be performed based on 

different methodologies like laboratory investigations (personal communication). 

Animal and plant health regulatory directorate (APHRD)   

The Animal and Plant Health Regulatory Directorate (APHRD) has been established since 2007 under 

the Ministry of Agriculture and Rural Development. APHRD is entrusted with the responsibility of 

implementing and regulating the Sanitary and Phyto-sanitary measures of the country. Quality and 

safety of all animal and plant products and other input quality control such as the registration of 

pesticides, fertilizers and seeds also fall under the mandate of this Directorate. It also works on 

protecting and safeguarding the Ethiopian agriculture from the menace of trans-boundary animal 

diseases, migratory insect, plant pests, grain-eating birds, noxious invasive weeds and plant diseases 

(MOA, 2012). This is operational on six quarantine stations across the country:  Adama, Dire Dawa, 

Jijiga, Metema, Mekelle Airport and Bahir Dar Airport.  Concerning the local Municipal abattoir, there 

is over 250 abattoirs/ slaughter slabs in the major cities and towns of the country (MoA, APHRD, 

2008). 

Research institutions   

Research institutions have responsibility on food safety and quality control tasks through generating 

information and technologies during pre and post-harvest of agricultural practices. Generating 

pathogen resistance varieties through selection and breeding and use of better biological and non-

biological practices, can be generated through research. Other responsibilities include:  

 

(i) Establishing measures to protect the consumer from unsafe, low quality, adulterated, misbranded or 

contaminated foods. The measures include provisions of information on minimum acceptable levels of 

food quality and safety, in the ways in which food is produced, processed, packaged, labeled and 

stored, as well as for the conditions under which it is presented; 

 

(ii) Assessing food regulations and fortification of foods with micronutrients and fully take into 

account the recommended international standards of the Codex Alimentarius Commission 
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(iii) Creating transparent communication in food analytical services and accreditation of laboratories 

regarding food safety;  

(iv) Conducting nutrient analysis and develop food composition to make use of it to control the risk 

inappropriate food consumption; 

(v) Developing surveillance and monitoring programs for food-borne diseases and contaminants;  

(vi) Identifying the sources of food-borne health risks and the development of procedures that reduce 

the magnitude and significance of food-borne hazards. They help in the assurance of a safe wholesome 

food supply (http://www.ilri.org). 

The Ethiopian Dairy and Meat Technology Institute (EMDTI) 

This is a governmental institution established in 2008 by proclamation number 143/2008 to 

modernize the livestock sector and improve the competitiveness of the meat and dairy industry both on 

local and international market. The institution contributes its own responsibility to ensure the quality of 

meat and dairy products by building the capacity through training and providing consultancy services 

to different bodies engaged in production, processing and marketing of meat and dairy products. The 

areas of training and consultancy service include modern fattening methods, feedlot establishment 

design, abattoir hygiene and modern slaughtering methods, pre-slaughter handling methods and general 

abattoir hygiene, slaughter animal handling, meat handling, cold chain management and transportation, 

modern sheep and goat handling and feeding, modern methods of animal feeding, improved forage 

seed production system, ration formulation for dairy, beef and poultry, dairy cows management and 

clean milk production, clean milk handling, processing and quality control and modern dairy farm 

establishment (Personal communication). 

 

Ministry of trade  

Responsibility of the ministry is to provide registration and license to different bodies engaged in small 

and large trade. The ministry of trade use documents provided by FMHACA and ISO to verify whether 

the traders are fulfilling the requirements for safety and quality for their enterprises or not. These 

commercial bodies can get certificate of quality for their products from FMHACA and ISo, after they 

pass the evaluation of technical merits for the respective enterprise. FMHACA and ministry of trade 

have sidewise relationship and correspondence in exchange of feedback information (personal 

communication). Key duties of this ministry are listed below.  

1. Promote the expansion of domestic and export trade;  

2. Provide business registration and licensing services in accordance with laws and control the 

use of business licenses for unauthorized purposes;  

3. Establish the legal metrological system of the country regulate its enforcement and coordinate 

the concerned regulatory bodies; 
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4. Control the qualities of export and import goods prohibit the importation and exportation of 

goods that do not conform with the required standards and work in collaboration with the 

concerned organs;  

5. Control the compliance of goods and services with the requirements of mandatory Ethiopia 

standards and take measure against those found to be below the standards; 

6. Cause the coordinated enforcement of standards applied by other enforcement bodies organize 

and direct implementation review conferences;  

7. Encourage the establishment of chambers of commerce and secretarial associations including 

consumers associations and strengthen those already established. 

 

Ministry of industry 

Higher education   

Universities and colleagues are source of theoretical and practical knowledge for a generation. Among 

the 35 Universities in Ethiopia, 8 of them have launched Food Science and Technology which is 

related to quality and safety of foods. These include Addis Ababa University, Haramaya University, 

Bahir Dar University, Wellega University, Jimma University, Hawassa University Mekele University 

and Gondar University (Mekonnen et al., 2013). 

Ethiopian Consumers Protection Associations (ECOPA) 

Consumers’ Association has a vital role in educating and enabling consumers to be more alert to food 

safety. These associations contribute to the process of formulating and implementing national food 

safety policy, proclamation, regulation in accordance with the satisfaction of consumers and producers. 

The presence of strong associations in a country enables a society gain facts and figures towards 

practicing national food safety surveillance and delivery of product testing services. Once the food 

products are recognized by these associations, there will be little breach in trust in manipulation and 

food safety fear for consumption (Meier et al., 1997). Though their consumer’s association exists in 

Ethiopia, they are not adequate in number and not powerful to be able raise consumer’s awareness on 

food safety (Tessema, 2011). The aims of establishing consumer’s association is to contribute for 

assurance of food safety and quality, regulate price and to minimize conflict between the business 

community and consumers. 

Environmental Protection Authority  

Environmental Protection Authority (EPA) is a governmental regulatory institution which can provide 

policy recommendations supported by data to aid in livestock productivity and efficiency (Kimball. 

2011). 

Ministry of agriculture 

Responsibility of Offices of agricultural agencies at District, Zonal and Regional levels is to transfer 

recommended technologies and good agricultural practices building awareness by training different 

actors involved in different stage of agricultural production and marketing including producers, traders 



Ethiopian Society of Animal Production 2018 

 

53 
 

and processors. The ministry of livestock and fisheries development is charged with overseeing 

livestock agriculture and rural development and contributes its share to effect quality and safety of 

livestock products by enforcing the established laws (Tesfa, 2010). Under this sub sector there are two 

different organizations, the Ethiopian Feeds Association and the Ethiopian Animal Drug & feed 

administration Authority.  

Ethiopian Animal Feed Industry Association (EAFA) 

It is an association established in 2008 by feed factory owners, private dairy producers and dairy 

cooperatives with a mission of improving the quality and quantity of livestock feed production and 

services for its members. It is positioned to promote members and the public sector get cooperation 

among each other. The association also provides technical assistance and trainings to members engaged 

in feed production, marketing and distribution and provide members with market information. Among 

the above listed institutions, Ministry of Health, Ministry of livestock and fisheries development, 

Ethiopian Standard Agency, Ethiopian Food, Medicines and Health Care Administration and Control 

Authority, Ministry of trade are directly involved in food safety and quality control practices. Since 

2002, these bodies have established a technical committee that implement a Food Safety Assurance 

System in accordance with the international market requirements supported by the United Nations 

Industrial Development (UNIDO). However, coordination of activities at the lower levels of the 

hierarchy is remained low (FAO/WHO, 2007). 

1. The presence of policy 

Ethiopia has different governmental and non-governmental organizations working on research and 

development to tackle the problems of agricultural productivity. Such institution could provide 

substantial policy recommendations that can aid livestock productivity and maintaining public health. 

In Ethiopia, agricultural expansion is the government’s top priority and the livestock sector is expected 

to contribute 45% of agricultural GDP or more (Kimball, 2011). Different proclamations related to 

livestock disease and public health control has been established in Ethiopia in different times (Forum 

for Environment, 2011).  

Table 1. livestock disease control lows in different years 

Law  Year Description 

Animal disease Control 

Proclamation No 171/1961 

1961 Animal disease control 

Livestock and Meat 

Board Order No. 

34/1964 

1964 Set up Livestock and Meat Board and the 

establishment of a National Veterinary 

Institute 

Meat Inspection 

Proclamation No. 274 

1970 Set up formal specifications for 

slaughterhouses and other processing 

facilities 

Meat Inspection 

Regulations No. 428 

1972 Set official federal standards for meat 

inspection and food safety. 

Proclamation No. 102/1998  Quality & Standards Authority of Ethiopia 

Establishment 
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Animal Diseases 

Prevention and 

Control Proclamation 

No. 267 

2002 Law providing for the prevention and 

control of animal diseases, and further 

sanitary standards 

Reorganization of the 

Executive Organs of 

the Federal 

Democratic Republic 

of Ethiopia 

(Amendment) 

Proclamation No. 380 

2004 Dissolved the Livestock Marketing Authority 

(1998) and all duties into MoARD. MoARD 

as it exists today is created, merging the 

Ministry of Agriculture with Rural 

Development 

Adapted from: MoARD, 2011 in: Kimball 2011; FAO/WHO 2005. 

Table 2. Public health control proclamations in different years 

Law  Year  Description  

Proclamation No. 26/1947 

 

1947 Laws on public health 

Proclamation No. 111/1950 

 

1950 Laws on amendments of previous public health laws 

Proclamation No. 328/1987 1987 Ethiopian Authority for Standardization 

Establishment  

Proclamation No. 200/2000 2000 Laws on public health control 

Proclamation No.661/2009 

 

2009 Laws on Food, Medicine and Health Care 

Administration and Control tasks 

Adapted from: Tesfa (2010) 

Food standards and food laws and regulation system in Ethiopia  

In the last decade, efforts have been made towards development and implementation of food 

regulations in the agri-food chain. This is demonstrated by multiple Codex Alimentarius guidelines and 

National Codex Committee (NCC) (Tesfa, 2010; Melese and Melese 2015). The National Codex 

Committee (NCC) has been setting Ethiopian standards by participating relevant stockholders. 

However, food related laws in Ethiopia do not yet meet the supply of safe and good quality food 

because they focus on inspection of final products and are scattered in different codes and legislations. 

Though the laws are a shared responsibility of Ministry of Health, Ministry of Agriculture and Rural 

Development, Ministry of Trade, and Ethiopian Standard Agency, there is no strong coordination 

among them and there is no comprehensive food law that clearly defines the activities of each 

regulatory body. Moreover, the existing regulations are outdated and could not respond to new modes 

of living and new methods of manufacturing (Henok et al., 2013). 

Factors affecting quality and safety of livestock products in Ethiopia  

The safety and quality aspects of agri-foods in Ethiopia are more of principles and are no practical, the 

public are not enforced to practice and the enforcement mechanism is not strong. The quality control 

mechanism is traditional in which inspection is not comprehensive and does not consider the entire 

food chain to prevent risks.  Networking and information communication among regulatory institutions 

is not strong (Tesfa, 2010). The regulatory bodies involved in quality and safety of agri-foods are not 
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equipped with desired laboratory facilities that can effectively respond to the current international food 

regulation demands and there is lack of central analytical and microbiological laboratories to Support 

regulatory activities (FAO/WHO, 2007). Though Consumers’ Associations can play substantial role in 

ensuring food safety, the existing association both in power and number is not adequate (Tesema, 

2011). The food control activities are scattered among various regulatory bodies such as ministry of 

health, ministry of agriculture and rural development and Ethiopian standard Agency and the 

responsibilities given to these regulatory bodies are not adequately defined to avoid overlaps and 

duplication of tasks (Tesfa, 2010). The level awareness on food regulation in most processing plants on 

HACCP, GHP, GMP, GAP, GLP is weak and the public knowledge towards food safety and quality 

aspects is limited. Food regulation is considered as secondary issue to economic development (Melese 

and Melese, 2015). 

Conclusions 

Maintaining the safety and quality of agricultural products is crucial issue for a given nation. It is an 

issue public health and also promotes domestic and international trade relations. Developed countries 

have established food safety assurance systems and could trade their products without barriers and 

became competitive in the global market. In Ethiopia there is lack of appropriate quality and safety 

assurance mechanisms in the feed-food chain system. The safety and quality aspects of agri-foods are 

more of principles and the public are not enforced to practice and the mechanisms in the enforcement 

policy is not strong. The quality control mechanism is traditional in which inspection is not 

comprehensive and does not consider the entire food chain to prevent risks. Networking and 

information communication among the regulatory bodies is not strong. There is insufficient awareness 

among the public and the capacity of the existing quality testing laboratories are not fully developed.  

The way forward 

1. Regulatory institutions mandated in the control of safety and quality aspects of the agri-food 

should revise the food safety programs based on the principles of HACCP and the plan should 

comprise a farm-to-table inspection. 

2. Integrated and coordinated involvement of the relevant regulatory stakeholders is required for 

successful production of safe and good quality agricultural products.  

3. Public awareness should be capacitated through provision of trainings to farmers, traders and 

consumers on good agricultural practices, good hygienic practices and good manufacturing 

practices across the agricultural production system. 

4. To have real information on quality status of agricultural products regulatory institutions in 

Ethiopia should be equipped with desired quality testing laboratory facilities.   

5. Quality-based payment system should be implemented on marketing of agricultural products to 

optimize the safety and quality of agri-food chain. 

6. There is a need of establishing one feed-food safety and quality assurance institution at a 

national level with the responsibility of coordinating the existing regulatory agencies in 

Ethiopia. 
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Abstract  

This review is focused on poultry production contribution for poverty alleviation in Ethiopia. It was 

conducted through information in literature, physical observation and discussion with agricultural 

office animal science experts and some chicken farm owner of cooperatives and individual. In Ethiopia 

chicken populations are estimated about 51.35 million, which are 96.83, 2.37 and 0.8% indigenous, 

exotic and hybrid breeds, respectively. Indigenous chickens are largely dominated flock size and have 

good potential to adapt in different agro-ecologies through habitual management systems. For the last 

50 years, the global meat production increased almost quadrupled from 78 million tons in 1963 to 308 

million tons in 2015. The poultry meat grows is 207% from 54 million tons to 112 million tons for the 

last two decades and has been 36% share from the total meat production. However, the per capita 

consumption of meat and egg in developing countries is 42 eggs per year, which is very low as 

compared to 153 eggs per year in developed countries. Poultry can contribute an important socio-

economic role for food securities, generating additional cash incomes and religious/cultural reasons 

and it is the largest livestock species in the world, accounting for more than 30% of all animal protein 

consumption. In Ethiopia, Poultry (chicken) production plays a significant role in the supply of human 

food (eggs and meat) in rural and urban area and as a source of income, especially to small holder 

farmers. But due to low productivity of chicken the contribution is insignificance for Ethiopian starved 

people and no more production improvements, even if different exotic breeds introduced for meat and 

egg production improvement for the last half century. Due to this reason, about 270, 000 Ethiopian 

under five aged children are death per year due to malnutrition. Therefore, integrated and sustainable 

technology intervention is imperative strategy to alleviate the community challenges and by improving 

poultry productivity in rural, pre-urban and urban communities. Mini-hatchery has significant effect 

for boost of poultry production sustainably and improves the livelihood of the community.   

Key words; poverty, food security, mini-hatchery, poultry, livelihood, hatchability 

 

Introduction  

Poultry production was started in Asia particularly India in 3200 B.C and distributed in to china in 

3000 B.C (N.J. Daghir, 2008). A lack of data from Thailand, Russia, the Indian subcontinent, Southeast 

Asia and Sub-Saharan Africa makes it difficult to lay out a clear map of the spread of chickens in these 

areas but better description and genetic analysis of local breeds threatened by extinction may also help 

with research into this area (CHOF, 2000). Poultry means all domestic birds such as chickens, geese, 

ostriches, guinea fowls, turkeys, ducks, doves and pigeons those have economically important for 
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humans. On the other hand, in Ethiopia except chickens the others are found in their natural habitat 

while geese and turkeys are not common (Tadelle, et al., 2003). Poultry give important socio-economic 

function for food securities, generating incomes and religious/cultural reasons (Salam, K., 2005). 

In Ethiopia chicken populations are estimated about 49.3 million (CSA, 2010; 2012). According to 

CSA (2012) poultry population was reported 96.46% indigenous, 0.5% hybrid and 2.97% exotic breeds 

but the total number is increased time to time, CSA (2013) reported that, about 51.35 million chickens 

found in Ethiopia 96.83, 2.37 and 0.8% indigenous, exotic and hybrid breeds, respectively. Indigenous 

chickens are largely dominated flock size and have good potential to different agro-ecologies through 

habitual management systems (Tadelle and Alemu, 1997). But they are non-descriptive types and vary 

in body size, conformation, plumage color and other phenotypic characteristics (Tadelle, 2003; Halima, 

2007 and Fisseha, et al., 2010). 

The first agricultural experiment station was established in early 1950, which are Jimma, Alemaya, 

Debre Zeit and Shashemene by introducing four know exotic breeds, rode island red (RID), Australorp, 

New Hampshire and white leghorn from Keneya, Denmark and United states of America in 1953 and 

1956 (Solomen Demeke, 2008). For enhancement of agricultural research, institutional agriculture 

research (IAR) was established in 1965 but not focused on poultry improvement. This sector was 

giving emphasis only by the higher institution till to establishment of Ethiopian agricultural research 

organization (EARO) in 1997 (Alemu Yami and Tadelle Dessie, 1997). 

According to Solomon (2008) poultry sector country review, 96% of poultry population and 97% 

national egg and meat contribution have been got from four regional state Oromiya (34.4% and 36%), 

Amhara (31.3% and 28%), SNNP (18.8% and 18%) and Tigray (11.65% and 15%, respectively) and 

the average number of birds per household is estimated 4.1 at national level. As we have seen poultry 

population and its product contribution for the national economy, Amhara region has under its 

potentials due to low investment intervention.    

For the last 50 years the global meat production increased almost quadrupled from 78 million tons in 

1963 to 308 million tons in 2015. The poultry meat grows 207% from 54 million ton to 112 million 

tons for the last two decades. It has been 36% share from the total meat production (Boleli, I.C., et al., 

2016). The per capita consumption of egg in developing countries is 42 eggs per year, which is very 

low as compared to 153 eggs per year in developed countries (FAO, 2013). Due to this reason, stunting 

and wasting in children less than five years of age, and slow mental development were seen mainly in 

rural areas of SSA.  

However, chickens are easily managed by rural people and women with small investment and give 

high return in short period of time. For example, the last ten years Ethiopian government was trying to 

introduce different chicken breeds for jobless youth and women. Yet, the sustainability issue is the 

main challenges due to accessibility of day-old chicks (DOCs), transportation of DOCs and high 

mortality rate of DOCs during transportation. There are different youth and females’ engagement in 

poultry production in South Gondar and other Zones to take DOCs from Mekele, and Addis Ababa 

which has long distance as well as with high cost and inconsistent distribution (my preliminary 

survey).  
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To tackle those problems sand mini-hatchery and hay box brooder are an appropriate technology used 

to hatch and brood huge number of DOCs, respectively in rural area in absence of electricity and easily 

managed by unskilled youth and women. Sand mini-hatchery can made by locally available materials, 

and has efficient hatchability performance equivalent to modern hatcheries, which is effective in Egypt, 

Bangladesh and china for the last decayed (IFAD, 2011). Therefore, under this research full package of 

poultry production improvement will be released for rural people and small scale production system, 

which include evaluation of sand mini-hatchery hatchability performance, growing of DOCs by hay 

box brooder and prepare feed package from locally available feed resources for sustainable production 

of chicken meat and eggs in all area of the country. 

The main purpose of this proposal is to improve the rural people livelihood and nutrition through 

chicken egg and meat production improvement. In combination with the outcomes of previous chicken 

productivity improvement studies, it will provide the sustainable, environment friendship production, 

easily applicable integrated technology implementation for the successful livelihood improvement and 

ascertain of food security.  

The specific objectives of this project are: 

1. To show chicken productivity status in Ethiopia 

2. To describe the challenge and its contribution for Ethiopian community 

3. To identify the research gap on chicken productivity improvement and show alternative 

solution  

4. To exploit full document about chicken productivity so far done 

Chicken production importance    

Poultry population estimated about 22 billion in the world and 75% of the populations live in 

developing countries. The demand of poultry products has been increased in both nutrition and poverty 

alleviation in village community but the supply is under its potential (FAO, 2013). Poultry contribute 

important socio-economic roles for food securities, generating additional cash incomes and 

religious/cultural reasons (Salam, K., 2005). Poultry is the largest livestock species worldwide (Jens 

Christian, et al., 2004), accounting for more than 30% of all animal protein consumption (Gueye, E.F., 

1998). In Ethiopia, Poultry (chicken) production plays a significant role in the supply of human food 

(eggs and meat) in rural and urban area and as a source of income, especially to small holder farmers 

(Alemu, et al., 2009). 

Poultry, especially in the small-scale scavenging village context, can make significant contributions to 

hunger alleviation and contribute of high-quality protein. It has short reproduction rate per unit time, 

are efficient in transforming otherwise largely impracticable protein and energy into human food and 

require very little capital investment. Poultry are kept by all level of society from the landless rural 

poor and women to urban and wealth people. Eggs and poultry meat are more readily available 

products than many other animal products in terms of required small unit size to be stored or preserved 

(R.T. Wilson, 2010) 
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Chicken meat and eggs are the major protein source for consumers in most of the countries around the 

world. Chicken meat consumption has been increasing during the last few years due to the rise in 

health awareness of consumers all over the world and Broilers dominate the world poultry market, 

consisting of about 70% of the market (A. Al-Nassar, et al, 2007). This indicates that broiler meat 

continues to be desired over other poultry meats. Ethiopia’s annual chicken meat production is 

currently about 50,000 metric tons, with yearly imports of about 1,000 metric tons. The country’s 

chicken industry, which is still in its infancy, holds considerable potential for growth, especially when 

considering that average per capita poultry consumption of 0.5 kg is among the lowest in the world. By 

comparison, per capita consumption in Sub-Saharan Africa is 2.3 kg (FAS, 2017). 

Most Ethiopian people are depending on cereal crops and Government also focused on crop production 

improvement rather than livestock product but, cereals lack the most important amino acids for humans 

– lysine, threonine, the sulphur-bearing amino acids (methionine and cysteine) and occasionally 

tryptophan. Eggs and chicken meat are rich in these essential amino acids (FAO, 2013) 

Food security in Ethiopia 

According to FAO (2002) food security is defined as a situation that exists when all people, at all 

times, have physical, social and economic access to sufficient safe and nutritious food that meets their 

dietary needs and food preferences for an active and healthy life. This definition is concern on unfair 

distribution of food not only within countries but also within households and the ability to acquire 

socially and culturally acceptable food and the food composition and micro nutrient requirements 

(Jones, et al., 2013). 

 Food insecurity on the other hand is a state “when people do not have adequate physical, social or 

economic access to food” (FAO, 2002). Even though some improvements in recent years, poverty and 

food insecurity remain well-known and the main confront in Ethiopia. These challenges are further 

aggravated by climatic shocks such as failure of rainfall. According to EHRD (2016) report due failure 

of rainfall in 2015 agricultural season about 10.1 million people were required emergency food 

assistance and adversely affect agriculture and allied activities in the main livelihood activities for the 

rural population. Poverty persistence had long been recognized as a major contributing factor for the 

continuing susceptibility of the food insecure group and this has led the government, jointly with 

development partners, to implement a social safety net program (PSNP) since 2005. This program aims 

at “smoothing consumption, reducing risks the poor face and protecting their assets” (GFDRE, 2009). 

In 2012, the PSNP reached over 7.6 million people and the program is complemented by a household 

asset building program (HABP), which provides food insecure households with financial services and 

technical support to strengthen their production systems by diversifying income sources, and increasing 

productive assets so as to improve their productivity (World Bank 2013). 

Ethiopian agriculture has highly contribution to increase the GDP and reduction of people poverty 

(Christiaensen and Demery, 2007; World Bank, 2015). According to Tafesse (2005) one percent 

increment of agriculture per capita value added would result one percent decline in poverty level of 

rural households. However, still now 780 million people are live in hunger in developing countries and 

795 million world people are undernourished from 2014 to 2016 physical year, which is 10.9% of 
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world population are hunger for two consecutive years (FAO, IFAD and WFP, 2015; Berhane, et 

al.,2011, 2014; Dorosh and Rashid, 2012).  

Chicken production for poverty alleviation 

Now a day, more than 2 billion people are suffered a serious lack of vitamins and minerals and more 

than 200 million children are stunted or wasted in worldwide (Ruel, M. et al, 2014). At the same time, 

about 1.4 billion people are under malnutrition like stunt and overweight/obesity/ in developed world 

including low- and middle-income countries.  The main cause of this malnutrition is related to poor 

quality diets and food-related non-communicable diseases, such as diabetes and cardiovascular disease 

(Horton, S. and Steckel, R., 2013). 

 In Africa, 56 million below 5 age children and 13 million of the children are undernourished and 

acutely undernourished, respectively (ANS, 2016). According to Achieving Nutrition Security (ANS) 

report, the micronutrient deficiencies are widespread and overweight and obesity is increasing in the 

world, particularly in sub Saharan African countries.  About 38 million people are facing severe food 

insecurity in Nigeria, Somalia, South Sudan, Ethiopia and Kenya due to experiencing significant 

droughts (Global Nutrition report, 2017). Ethiopia suffers high rates of both infant mortality (52 per 

1000) and malnutrition in infants and young children, which about 270,000 deaths per year, or one-

third of all deaths in under-five children (CSA, 2012). The onset of stunting is visible by 6-12 months 

of age and increases to ~ 24 months of age in all three DHS (demographic and health surveys). In 

Ethiopia, demographic health survey was conducted in 2011 in different regions, the stunting rates are 

over 40% in Affar, Amhara, Tigray, and Benishangul-Gumu, with the highest rates in Tigray (52%). 

However, the stunting rates for children aged 6-12 months went declined from 49% in 2000, to 47% in 

2005, to 35% in 2011 (Shibani Ghosh, et al., 2015). 

Ethiopian government was trying to combat this community challenges by intervene different stunting 

growth reduction strategies.  One of the intervention strategies is improving the livestock productivity 

by setting of five years master plan. In 2015 to 2020 sketched LMP are successfully implemented 7762 

million Ethiopian birrs (USD 388.1 million), 57% and 43% from the public and private sectors 

respectively to eliminate poverty in approximately 2.36 million livestock-keeping households, helping 

family farms move from traditional to improved market-oriented systems and adding to agricultural 

GDP (Barrly Shapiro, et al., 2015). The objectives of livestock master plan (LMP) intervention are 

reduce poverty, achieve food and nutritional security, contribute to economic growth (GDP), contribute 

to exports and foreign exchange earnings and contribute to climate mitigation and adaptation   through 

productivity improvement of dairy, beef and chicken meat and eggs for the coming growth 

transformation plan II. The productivity of chicken eggs and meat is projected by intervene different 

strategy from 2013 to 2028 as indicated figure 1 and 2, respectively. According to the livestock master 

plan 2015, by increasing improved chicken breeds plan to increase egg production from 258 million in 

the year 2015 to 894 million in the year 2020, reach to 246% and increases chicken meat production 

from 2900 tons in the year 2015 to 10,200 tons in the year 2020, reach to 251%.  

Figure 1: Egg production and consumption requirement projections from 2013 to 2028, with and 

without investment interventions (PW=projection with intervention, C=consumption and 

PWO=projection without intervention) 
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Figure 2: Meat production and consumption requirement projections from 2013 to 2028, with and 

without investment interventions.  Thus, if food self-sufficiency is to be achieved and to combat 

malnutrition in developing countries particularly in Ethiopia, there is a need to give due attention to 

poultry production (Melkamu, B., 2013). 

Chicken production practice in Ethiopia 

Ethiopia’s chicken meat production is almost entirely considered as informal backyard production, 

with only a small portion consisting of commercial broiler operations. There are an estimated 350 

commercial chicken farms in the country, many of which are located in a 100-kilometre-long corridor 

of Addis Ababa. The farms are purposefully located in that corridor to have closer access to feed, 

veterinary meds, other inputs and market outlets in Addis Ababa. Most of these farms are very small 

with capacity ranging from 50 to 1,000 birds, while just 35 farms are considered medium (1,000-

10,000 birds) or large-scale operations (> 10,000 birds) by Ethiopian standards.  

The three biggest broiler meat producers – El Fora, Alema Farms, and Genesis Farms – are vertically-

integrated operations, with flock sizes each ranging between 40,000-60,000 chickens, most of which 

are high-yielding exotic varieties from Europe and South Africa. Most of the meat from these and other 

smaller commercial operations is sold at retail outlets as frozen, dressed whole birds. The average 

slaughter age for exotic chicken breeds is between 40-45 days, whereas indigenous breeds are usually 

slaughtered between 8 to 12 months. Average slaughter weights, for both indigenous and exotic breeds, 

is about 1.3 kilograms and dresses out at 1.0 kilograms (FAS, 2017).  

According to Taddele and Ogle (2001) village chicken production characterization in three central 

highland village described, more than 60% of farmers (women) kept chicken for cash income, 

nutritional purposes as dish Doro wot and social function. The productivity of the birds was very low 

due to inadequate nutrition, poor genetic performance and disease prevalence.   

  

Chicken production system 

Poultry production is characterized by small scavenging flocks of local birds kept by individual 

households and is concentrated in the temperate zones at 1500-3000 m altitude. Product output is 

achieved from a feed resource which is unsuitable for human consumption (FAO, 2004) but inputs are 

low and housing, nutrition and health care are poor. Women own a large proportion of the birds and 

cash income is usually kept by them (Tadelle Dessie and Brian Ogle, 2001). Most of scholars could be 

agree three types of chicken production system, but give different name which has similar 

characteristic (Matawork Milkias, 2006; FAO, 2007; CSA, 2014; Tadelle Dessie, 2015; Emebete 

Moreda and Kidane G/Meskel, 2016). But according to Alemu (1995) chicken production system 

grouped in to two, which are traditional and modern. However, all of the scholars agreed for each 

production system characteristics as indicated below;    

Table 1: Common chicken production system characteristics  

Characteristic Commercial Small scale market oriented Traditional 
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Breed and flock 

size 

Specialized breeds2,500–

50, 000 (18 farms)  

Specialized and dual-

purpose 

breeds: 50–1000 

Local indigenous type: 

<50 

 

Housing Modern housing, generally 

with concrete walls and 

regulated internal 

environment 

Varies from modern houses 

to simple housing made 

from locally available 

materials 

Specific poultry houses 

are rare 

Feed resource Commercially 

compounded feeds 

Commercially compounded, 

homemade mixtures and 

scavenging 

Scavenging and 

occasional feeding with 

home grains and refuse 

Health program Standard and regular 

animal health program 

Disease control and health 

program at 

varying levels 

No regular health 

programs 

 

Markets Cold chain system for 

input-output distribution 

Input and output distribution 

are based 

on existing trading centers 

No formal marketing 

channels 

 

Source; (FAO, 2007) 

 

In Ethiopia, about 95.86% of the total national poultry products (eggs and meat) are contributed by 

indigenous chickens kept under village management system while the remaining 1.35% is obtained 

from intensively kept exotic breed of chickens and 2.79% are obtained from hybrids (CSA,2014). 

The poultry sector in Ethiopia can be characterized into three major production systems. These are the 

village poultry production system, the small-scale poultry production system and the commercial 

poultry production system (Alemu, et al., 2008; Bush, 2006; Wilson, 2010). The village poultry system 

is characterized by a low input (with scavenging being the major source of feed), low or no veterinary 

input, minimal level of bio-security, and high off-take rates. This production system is characterized by 

its high level of mortalities (Bush, 2006). Village poultry production is ubiquitous in Ethiopia, where it 

accounts for 99 percent of poultry production (Bush, 2006; EEA, 2005). The small-scale poultry 

production system in the country has modest flock sizes usually ranging from 50 to 500 exotic breeds 

are kept for operating on a more commercial basis. In the main, this poultry production system has 

emerged over the last couple of years and is located around the major urban and peri-urban areas of the 

country. It is characterized by medium provision of feed, water and veterinary service inputs and 

minimal to low bio-security (Nzietcheung, 2008). The large-scale commercial poultry production 

system is a highly intensive production system that involves keeping birds under indoor conditions 

with a medium to high bio-security level. The existence of better bio-security practices in this 

production system has reduced chick mortality rates to around 5% (Bush, 2006). 

Modern chicken production is now a source of employment and income-generating activity in which 

many people are engaged. Young people of both urban and rural backgrounds have begun to establish 

micro-enterprises producing poultry meat and eggs, creating employment and income sources. Large-

scale commercial poultry farms in Debre Zeit, such as Alema, Genesis and Elfora, have created 

employment opportunities and are major egg and meat suppliers to the capital city, Addis Ababa. 
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However, chicken production is constrained by various factors that directly or indirectly influence 

productivity (Habte, T. et al., 2017). 

Chicken productivity improvement experience in Ethiopia 

In early 1990, Ethiopian government was trying to introduce different exotic breed and introducing 

commercial small and medium small flock production for the purposes of exploit the capacity of the 

sector to boost rural productivity through raising income, provide employment and alleviating poverty 

(FAO, 2008). In recent years, an emerging middle-class urban sector with higher income and more 

buying power has boosted the demand for poultry products, and this has led directly to expansion of 

poultry production particularly within urban and peri-urban areas. Different scholars were done 

different research on chicken productivity improvement for the last 20 years in Ethiopia. 

Table 3 Egg and meat production characteristics of indigenous Ethiopian fowl  

Product and trait Genotype 

Tikur  Melata  Kei Gebsma  Netch  

Matured weight      

Male kg 1.3 1.7 1.6 1.5 1.4 

Female kg 1.0 1.2 1.2 1.1 1.1 

Feed intake/kg/year 50.9 53.2 37.0 36.4 39.1 

Eggs       

Age at first eggs (days) 173 204 166 230 217 

Eggs/bird/year 64 82 54 58 64 

Egg weight (g)      

Egg mass (kg/bird/y)      

Albumen (% of egg) 50 49 51 49 49 

Yolk (%of egg) 36 38 38 36 36 

Fertility % 56 60 57 53 56 

Overall hatchability % 42 41.8 44.3 39.3 39 

Meat      

Weight at 6 month (g) 960 1000 940 950 1180 

Live weight gain/g/day/ 5.2 5.4 5.0 5.1 6.4 

Feed conversion /g Dm/g gain/ 4,17 3,57 3.45 3.00 4.70 

Carcass weight /g/ 541 560 543 511 608 

Dressing percentage  56.4 56.0 57.8 53.8 51.5 

Carcass composition %      

Meat 65.7 64.3 65.8 65.1 68.0 

Bone 23.0 25.0 22.5 24.2 21.3 

Skin  11.3 10.7 11.7 11.7 10.7 

Source (Shanawany and Banerjee, 1991). 

 

According to the government’s Livestock Master Plan (LMP), which is the blueprint for transforming 

the country’s livestock sector, the government intends triple chicken production from current levels to 

164,000 metric tons by 2020. Moreover, as outlined in the LMP, to achieve this envisioned expansion, 



Ethiopian Society of Animal Production 2018 

 

66 
 

there will need to be a shift in production towards more commercially-oriented operations and 

investment in this sub-sector of more than $100 million (FAS, 2017). 

Challenges of Chicken production in Ethiopia 

The major challenges of chicken production in Ethiopia are diseases prevalence, inadequate feeding 

management, predators, poor housing system and low genetic performance of indigenous chickens 

(Ashenafi, et al., 2004; Halima, 2007; CSA, 2009; R.T. Wilson, 2010 and Feleke, et al., 2015; 

Matawerk, M., 2016; FAS, 2017). Feed is a critical input for chicken production and account 60-70% 

of production costs under intensive production systems (Yenesew, A. et al., 2015). In Ethiopia, poultry 

feed is one of the most critical constraints to poultry production under both the rural small holder and 

large-scale production systems. The problem is mainly associated with lack of processing facilities, 

inconsistent availability and distribution and sub-standard quality of processed feeds when available 

(Haftu, K., 2016). In addition, smallholder farmers from different corners of the country have limited 

access to the formulated rations and when available, purchased it with its high cost and transportation 

expenditure.  

This makes limited the sector and poor production (Solomon, D., 2008). Moreover, there are also 

several factors which can affect the expected production of chickens. Among these, lack of knowledge 

on chicken feed and feeding management is the most critical factor hindering chicken productivity 

leading to low production level of the sector (Mengesha, M., 2011). Ethiopian government was 

developing the LMP and projects exportable surpluses of chicken meat by 2020. However, from Post’s 

perspective, local demand is anticipated to far exceed supply, making exports impractical and very 

difficult to compete with major exporters, such as the United States and Brazil, on price and quality. 

Therefore, intervention of integrated technology and involvement of different stakeholders for this 

chicken meat and egg improvement is mandatory.  

 

Chicken production opportunity in Ethiopia 

Animal production in general and poultry production in particular plays important socioeconomic roles 

in developing countries. The ability of poultry to adapt to most areas of the world, their rapid growth 

rate, fast reproduction rate compared to other livestock or the rapid generation time, a simple means of 

generating family income and employment opportunities raised with relatively low capital investment 

and readily available household labor compared to other domestic animals all make poultry an ideal 

starting point for beginning production and for family use as a rich source of animal protein for human 

being (Solomon, D., 2004). 

Poultry, especially in the small-scale scavenging village context, can make considerable contributions 

to poverty alleviation and in the supply of high-quality protein. They have a high reproduction rate per 

unit time, are efficient in transforming otherwise largely unusable protein and energy into human food 

and require very little capital investment. Poultry are kept by all group of society from the landless 

rural poor to the well off in the cities. Eggs and poultry meat are more readily available than many 

other animal products and the small unit size does not require them to be stored or preserved (Habte, T. 

et al., 2017). Village poultry occupy a unique position in rural communities through their capacity to 
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provide valuable protein for smallholder farming families. This is particularly true in Ethiopia where 

there are few alternative animal protein sources available to the population, and no cultural or religious 

taboos relating to the consumption of eggs and poultry meat (Tadelle, et al., 2000). Poultry in Ethiopia 

are not only a source of high-quality protein for the family, but also provide a small cash income and 

play an important part in the religious and cultural life of the society (Aklilu, et al., 2007; Dessie and 

Ogle, 2001). 

In Ethiopia there is huge demand of poultry meat and eggs which has led to an emerging establishment 

and expansion of modern and organized poultry farms in the whole country particularly in per-urban 

and urban areas (Dana, N. et al., 2010). These emerging farms have crucial contribution to improve the 

livelihood, food security and poverty reduction as well as providing an attractive return in per-urban 

and urban areas in the tropics (Pica Ciamarra and Otte, J., 2010). The demand of protein food is 

gradually increasing with the improvements of society’s income and population growth. To fulfil the 

protein requirements of the people, animal product and by product has played a significant role. Poultry 

meat and egg are important sources of edible animal protein (FAO, 2010). Moreover, poultry 

production is considered as a fulfilling nutritional requirement of the poorest sections of the society 

(Reta, D., 2009).   

 

Chickens are easily managed by the women and elders used to empowerment of the disadvantaged 

groups of the community. For rural women, chicken production is a cash-in-hand livelihood activity to 

help households to buy consumable (sugar, coffee, salt) to play social obligation such as edir (burial 

association) ekub (informal saving and loan cooperatives) and others activities (Tadios Habte, et al., 

2017). According to this report, modern chicken production is now a source of employment and 

income-generating activity in which many people are involved. Young people of both urban and rural 

have started to found micro-enterprises producing poultry meat and eggs, creating employment and 

income sources. However, chicken production is inhibited by different factors that directly or indirectly 

influence productivity. 

Strategy to Improve chicken productivity  

Breed improvement  

In Ethiopia, backyard production system is the main sources of chicken product supply, however 1% 

chicken product got from large scale commercial production system which is insignificant contribution 

(Tadelle, et al., 2002). This village production system is used for many people to improve their 

livelihoods.  The genetic improvement strategy adopted to improve chicken productivity and 

production in Ethiopia focuses mainly on importation and dissemination of exotic breeds and 

crossbreeding. Sustainable and effective integrated breeding program will be implemented to increase 

the productivity of village chicken like, conservation and improvement. This breeding program also 

should be supported by other technology like nutrition, heath and mechanization. To implement such 

breeding scheme used selection and crossbreeding in parallel way in selected area and indigenous 

chicken ecotypes (Dana 2011). The main challenges this implementation is, the production of day-old 

chicks and feed resources to sustain the productivity of chicken in the level of farmers and small-scale 
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production system. Therefore, there should be intervene manual artificial hatchery and brooder as well 

as locally available feed resources to sustain and improve chicken productivity for rural, pre-urban and 

urban society.     

Improving the production environment 

Genetic improvement programs need to be coupled with improvement of the production environment. 

Feed shortages are mentioned by the surveyed farmers as major problems. Compound commercial 

feeds are currently very costly. Research on low-cost poultry rations based on farm produce is urgently 

required. 

Improving farmers’ access to inputs and markets 

The major challenges of chicken production in Ethiopia are diseases prevalence, inadequate feeding 

management, predators, poor housing system and low genetic performance of indigenous chickens 

(Ashenafi et al, 2004; Halima, 2007; CSA, 2009; R.T. Wilson, 2010; Dessie, T. et al., 2013; Feleke et 

al, 2015; FAS, 2017).  For my preliminary survey, the main challenges of small-scale chicken 

production especially in cooperative is feed cost, inaccessibility of day-old chicks and mortality of 

chicks due to transportation and electric light interruption for the first one and two week of age. 

Therefore, sand mini-hatchery, Solomon hay box brooder and locally available ration is an appropriate 

technology to combat this problem for farmers and small-scale chicken producer including medium 

one. After, production value chain intervention also important for whole producer livelihood 

improvement and to ensure farmers a fair share of the profit margin.  

Policy  

The poultry roadmap under the LMP lays out an ambitious transformation agenda with corresponding, 

production, consumption, and export targets. As was mentioned earlier, Post believes these targets are 

too high to achieve within the five-year time frame of the LMP (2015-2020). That said, these targets do 

provide a very clear indication that the government intends to focus on the development of the poultry 

industry with the ambition of making chicken meat and eggs more available and affordable to 

Ethiopian consumers (LMP, 2015). According to FAO (2015) in 2022 the world poultry meat 

consumption estimated to 128 million tons per year.  But this goal couldn’t achievable without 

sustainable production of chicken meat and egg throughout the country. Day old chicks (DOCs) are the 

vital sources for this sustainable chicken product production but there are few farms to provide these 

DOCs in our country, which are Ethio-chicken, chombolcha and Debrzeite Genesis farm. The 

distribution DOCs by those farms is limited and focused on cooperative jobless youth and not far from 

the main road, which is missed the huge population in rural area far from main road and economically 

poor societies. Therefore, this ambitious plan should be supported by technologies, which affordable in 

rural people, economical feasible, easily managed and required low operation skills. Therefore, mini-

hatchery has potential to combat these serious problems in rural area of the country. 
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Technology Intervention  

The promotion of smallholder poultry production has created demand for day old chicks both in urban 

and pre-urban areas in Ethiopia. Day old chicks are produced by different ways in the world, which are 

broody hens and electric incubator but both are not appropriate mechanism for those smallholder 

chicken producer and rural area of the country. The broody hens are not enough to meet the demand of 

farmers who wants to carry out small scale operation. A broody hen only hatches 12 eggs and the 

hatchability performance also depending on the mothering ability of the birds. The exotic breeds are 

poor for brooding which is the bottleneck to regret to rear by the farmers.  Modern electric incubator is 

equipped with automatic devices and more common in commercial farming for hatching eggs to meet 

huge demand for quality chicks all over the world particularly in developed countries. In developing 

countries like Ethiopia these commercial hatcheries are practiced in government and none 

governmental poultry farms. Due to shortage of electricity, irregular or intermittent electric supply day 

old chick supply for rural area is inadequate and uneconomical for the farmers.   

Despite an increasing demand for quality day old chicks for smallholder and small-scale chicken meat 

and egg production alternative day old chick producing mechanism is very important. Mini-hatchery 

technology has proved to be successful under the socioeconomic and climatic conditions of Bangladesh 

although hatchability rate has largely been found to be influenced by the quality, handling and 

conservation of fertile eggs before incubation and also viability of day-old chicks (DOC) after hatching 

(Rota et al., 2010).  

In rural poultry development projects, the possibility of producing day-old chicks (DOCs) which are 

viable for production and at a low cost is one of the key success factors for sustainability and economic 

viability. DOCs are difficult to transport from commercial hatcheries to isolated areas. It is therefore 

crucial to produce them in remote locations (Rota, A. et al, 2010; N.H. Desha et al, 2015). According 

to Rota A. et al (2010) and N.H. Desha et al (2015) mini hatchery technology was implemented and 

successful in Bangladesh by supporting of Governmental and none governmental organization, 

microfinance and technical support (MFTS), Palli Karma-Sahayak foundation (PKSF) and 

international fund for agricultural development (IFAD). The report also showed, hatchability 

performance of this technology was 70% and economically feasible for poor rural women in cause of 

Bangladesh.  
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Table 2. Advantages and disadvantages of different types of small-scale incubators for hatching 

chicken and duck eggs 

Parameter 

 

Electric 

incubator 

 

Sand method 

 

Rice husk method 

 

Rice husk and 

quilt method 

Electricity Required Not required  Not required  Not required  

Equipment Sophisticated, 

modern 

equipment 

Local/traditional 

materials 

Local/traditional 

materials 

Local/traditional materials 

Installation in 

remote areas 

 

Cannot be 

installed in 

areas without 

electricity 

 

Can be installed 

in remote areas 

where 

electricity is not 

available 

Can be installed in 

remote areas 

where electricity is 

not available 

Can be installed in remote 

areas where electricity is not 

available 

Installation 

cost 

 

Highest  Lowest  Higher than sand 

method but much 

lower than electric 

incubator 

Higher than sand and rice 

husk methods but much 

lower than electric incubator 

Maintenance 

cost 

 

Highest  Lowest  Higher than sand 

method 

Higher than sand and rice 

husk methods but lower than 

electric incubator 

Temperature 

regulation 

 

Automatic  Easier than rice 

husk and quilt 

method 

More difficult than 

sand  

and rice husk and 

quilt 

method 

 

Easier than rice husk 

method 

 

Humidity 

regulation 

Automatic  Manual Manual  Manual 

Hatching 

percentage 

(chicken eggs) 

80-85% 80-85% 

 

70-75% 75-80% 

 

Fuel cost Highest Lowest Higher than sand 

method 

Higher than sand and rice 

husk method 

Users Only wealthy 

people can 

afford this 

system 

All, including 

landless and 

resource-poor 

households in 

marginal areas 

All, including 

landless and 

resource-poor 

households in 

marginal areas 

All, including landless and 

resource-poor households in 

marginal areas 

Source (IFAD, 2011) 

Conclusion  

The latest report on the State of Food Insecurity in the World (FAO, IFAD and WFP, 2015) estimates 

the number of people undernourished in 2014-16 at 795 million or 10.9 percent of the total, a reduction 

from 18.6 percent in 1990-92. The report notes that the vast majority of the hungry (780 million 

people) live in the developing world and the overall share of the hungry currently stands at 12.9 

percent of the total population. Poultry has significant role to alleviate the poverty and malnutrition 
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problems of the community, particularly for developing world due to its important production 

characteristics like easily managed, need low investment place and capital and short production return. 

The promotion of smallholder poultry production has created demand for day old chicks both in urban 

and pre-urban areas in Ethiopia. Day old chicks are produced by different ways in the world, which are 

broody hens and electric incubator but both are not appropriate mechanism due to low supply and 

unsustainable supply of day-old chick for those smallholder chicken producer and rural area of the 

country, respectively. To tackle those problems sand mini-hatchery and hay box brooder are an 

appropriate technology used to hatch and brood huge number of DOCs, respectively in rural area in 

absence of electricity and easily managed by unskilled youth and women. Sand mini-hatchery can 

made by locally available materials, and has efficient hatchability performance equivalent to modern 

hatcheries, which is effective in Egypt, Bangladesh and china for the last decayed (IFAD, 2011). 

Therefore, under this research full package of poultry production improvement will be released for 

rural people and small scale production system, which include evaluation of sand mini-hatchery 

hatchability performance, growing of DOCs by hay box brooder and prepare feed package from locally 

available feed resources for sustainable production of chicken meat and eggs in all area of the country. 
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Abstract 

The objective of this paper is to assess the impact of climate change and explore the effects of  this 

change on adaptive responses to water and livestock resources. The observed climate data for six 

decades (1951-2009) revealed increases in rainfall, increases in both maximum and minimum 

temperatures, and no significant change in relative humidity. Increased sunshine hours and decreased 

wind speed were observed, too. Water intake is influenced by type of breeds, species of livestock, 

animal productive and reproductive performances. Under high temperature scenarios, water 

consumption increases by 2.1%. for each OC temperature increase. Therefore, with increasing 

temperature livestock water requirement increases at increasing rate, which is a threat to future water 

demand under increasing global temperature. Thus, strategies on alternative water recharging 

mechanisms such as water recycling, effective water conservation and water harvest programs has to 

be sought to contribute water supply for livestock. The suggested recharging mechanisms have to be 

integrated with planning and implementation of water resource management and should engage 

community participation. 

Key Words: Livestock, climate change, water, adaptation, global warming 

 

Introduction 

Climate change has already influenced agricultural ecosystems in several regions of the world (IPCC, 

2007) in which there is ample scientific and historical proof of such effects.  The world's history 

showed that human being was able to and had a capacity to adapt to changing climate for chronicles. 

However, in the last few decades, unexpected disaster on natural ecosystems has occurred very 

frequently such as drought and shortage of water in many parts of the world (Easterling et al., 2007). 

This has directly or indirectly affected existing livestock production systems in less developed 

countries. In addition to this disaster; global human population is increasing at the faster speed than 

livestock production. Moreover, societies are expected to face changes in life style through growing 

urbanization and modernization, and increasing number of middle-income populations in many parts of 

the world that demands high quality protein (World Bank,2011). Thus, livestock production system 

will require effective adaptive strategies to overcome gaps between demand and supply to meet societal 

needs (Easterling et al., 2007). In order to increase livestock production and reproduction, water is one 

of the physiological and hygienic need to meet these demands.  
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FAO (2006) reported urbanization and economic growth in developing nations increase demand for 

milk and meat, which fuelled for additional water need for each unit of increased animal protein. The 

demand for milk and meat is expected to double over the next 20 years at annual growth rate of 2.5 % 

and 4%; respectively (IPCC, 2006). This issue has raised a concern on how to meet the water 

requirement of livestock based on the future human protein demand and climate change scenarios for 

reduced precipitation and increased temperature. 

The central Ethiopian Highland constitutes one of the major foods producing agro-ecology of Ethiopia. 

The farmers in the Ethiopian highland have been struggling to maintain their livelihood by 

continuously trying to produce food for subsistence by maintaining their livestock for draft power, 

protein source and cash income.  But the production system has often become non-resilient to shocks 

caused by climate variability and change that frequently caused shortage of water. Shortage of water 

caused loss of crop and pasture yield, thirsting of water that had killed many millions of livestock; 

occasionally appearing flooding was a reason for loss of animals due to disaster and the subsequent 

diseases out-break (Meze-Hausken 2004). 

If recent warming trends continue, most of Ethiopia will experience more than a 1.0 Celsius (°C) 

increase in air temperature at the end of the century, with the warming tendency projected to be 

greatest in the south and eastern parts of the country (Li et al.,  2015).This warming will intensify the 

impacts of droughts and water shortage, and could particularly reduce the area of productive crop and 

pasture land as well as shortage of water for drinking. The current low precipitation and increased 

warming to the eastern and southern part of Ethiopia coincided with already heavily populated zones, 

where all available fertile land has been cultivated, and the size of land holdings diminished due to 

high population pressure (USAID, 2015). It appears likely that the combination of population growth, 

land degradation, and more frequent droughts will result in more frequent water shortage. 

Water is the most common molecule in the body, representing 60 to 70%of the body weight. Deprivation 

of water quickly results in loss of appetite and weight loss, it is deadly when an animal has lost between 15 

to 30% of the body weight (FAO, 2006). Water is vital for physiological functions of livestock such as 

regulation of body temperature, digestion, metabolism, and excretion, hydrolysis of protein, fat, and 

carbohydrates, lubrication of joints, nervous system cushion, transporting sound and eye sight (NRC, 

1981; Lluke, 1987; FAO,2006). The minimum requirements of livestock for water is influenced by the 

need for body growth; for foetal growth or lactation; and of that lost by excretion in the urine, faeces, or 

sweat or by evaporation from the lungs or skin. Anything that affects these needs or losses will influence 

the minimum requirement (NRC, 1981; NRC, 2000; NRC, 2001). 

In general, the water resource trend in Ethiopia shows a decline in per capital basis. The major 

contributing factors to this decline were combined pressure of human and animal population on natural 

resources. The various human interventions such as excessive deforestation, overstocking of animals, 

cultivation on hills and emission of pollutants and contaminating chemicals are affecting both water 

quantity and quality (Mohamed-Saleem and Fitzhugh 1993). The global climate change (IPCC, 2001) 

also attributed to decline in water resources due to a decrease in annual precipitation and increasing 

temperature. With increasing temperature, livestock water requirement increases in increasing rate, that 

give a signal that future water demand will increase due to increasing global temperature. 



Ethiopian Society of Animal Production 2018 

 

78 
 

This manuscript aims to assess impact of climate change and variability on water resources in the 

Central Ethiopian highlands in Ada district as a case study. The study is based on historical weather 

data collected from Debrezeit air force weather station, gathered socio-economic data through 

household survey about community perception of climate change, adaptive measures, livestock and 

water resources and tried to predict future water demand based on forecasted livestock population and 

temperature. The paper also highlighted adaptive management practices to improve water resources 

development in relation to climate change and variability.  

 

Research Methodology  

Description of the study area 

The current study area, Ada’a district, ecologically belongs to the high potential livestock and crop 

production system in Ethiopia (IPMS, 2004). Administratively, it is one of the 12 districts in East Shoa 

Zone, Oromia Regional State of Ethiopia and is located about 45-60 kms southeast of the capital, 

Addis Ababa. The study site falls within the western margin of the great East African Rift Valley. 

The study area has a bimodal rainfall pattern, with the small rain occurring from March to May (Beleg 

rain) and the main rains from June to September (Mehere rain). Based on the long-term data, more than 

75% of the annual rainfall was received during the main rains, when cropping normally takes place 

(Kahsay, 2004). The highest annual rainfall was recorded in the year 1966, where the annual rainfall 

reached 1287mm, much higher than the average 890 mm.  The small rainy season (Beleg rain) could 

sometimes be erratic but there is no cropping during this period, except it is important for softening the 

land which will facilitate land preparation in addition to growth of some grasses for livestock. 

Sixty years data from 1940 to 2000 (Kahsay 2004) indicated that the average minimum and maximum 

air temperature ranged from 7.9 oC to 28.2 oC, respectively, with mean annual temperature 18.5 oC. 

Highest average temperature was recorded for the months of March, April, May and June, while the 

months of 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 its excellent quality Teff (Eragrostistef) which is an important food grain in 

Ethiopia where it is used to make Enjera/bread which is staple food for 60% of the Ethiopians. Wheat 

is the next abundant crop grown in the district. Pulses, especially chickpea grows in the bottomlands on 

residual moisture and in rotation with cereals. Altitude of the district ranges from 1500 meter to greater 

than 2000 meter above sea level. Two major agro climatic zones identified in the district are (IPMS, 

2004): See Figure 1 for topography of Ethiopia and the study site in parallelogram shape. The 

mountain zone located over 2000m, covering 150 km2, (9 %) of the area. The highland zone at an 

elevation range of 1500-2000 m extending over 1600 km2 covers 91 % of the area. 
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Figure 1: Topography of Ethiopia; Study site designated in parallelogram 

 

Meteorological data 

Sixty years meteorological data from 1951 to 2009 was obtained from the Ethiopian National 

Meteorological Service Agency (NMSA) from weather station located in the study area. The 

meteorological data are on temperature (oC), rainfall (mm) averaged for 365.25 days, wind speed 

(meter/ second), sunshine in hours and relative humidity in percentage. The weather data reported here 

is based on information from Debrezeit Air Force weather station which is one of the oldest weather 

stations in the country. The data used was six decades (1951-2009) daily recorded for rainfall, 

temperature and relative humidity and three decades daily record for sunshine hours and two decades 

daily record for wind speed. The meteorological data were compared by decades. 

Methods of data analysis 

Detail statistical analysis of the data was carried out by using statistical packages for social science 

(SPSS) 2008 version 17.0.1. Weather data were analysed for decade means and tested for their 

significance difference among decades 

Result  

Historical Weather data for past sixty years (1951-2009) 

Climate is said to be stable if the long-term average does not change significantly over time. However, 

climate in Ethiopia and worldwide is changing. Climate change refers to a statistically-significant trend 

in climate over many decades. It is superimposed on natural yearly-to-decadal climate variability. The 

results of the sixty years climatic data for rainfall, temperature, wind speed, sunshine hours and relative 

humidity is presented below.  
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Rainfall variability and trend 

Mean annual rainfall shows large spatial and temporal variation. The Ethiopian National 

Meteorological Services Agency (NMSA, 2007) defines 50 to 75% of a 30-year average as ‘below- 

normal’ rainfall and designated as dry, whereas 0 to 50% of average rainfall as ‘much-below-normal’ 

rainfall and indicator of drought (Meze-Hausken, 2004). An annual rainfall above 30 years average is 

considered wet year (NMSA, 2007). The study area has experienced both dry and wet years over the 

last 60 years. NMSA (2007) reported years like 1965, 1984 and 2001 were extremely dry and drought 

years while 1961, 1964, 1967, 1977, 1996 and 2007 were very wet years.  

The current study area being climatically secured area, decades-based trend analysis of annual rainfall 

shows that rainfall remained more or less constant when averaged over the whole decades. The Least 

Significant Difference (LSD) analysis shows that beginning from decade three to six there is no 

significance difference in rainfall amount among decades. However, there is a significance difference 

between decade 1 and 2 and the others decades of 3, 4, 5 and 6. Generally speaking, the rainfall has 

increased by 7.5 % in the past three decades (1990-2009) with an increase of rainfall 2 % for each 

decade (Figure 2). This is in agreement with NMSA (2001) and that of Funk et al (2012) who reported 

an increasing trend in annual rainfall from 1990 to 2009 along central and northern Ethiopian highlands 

and western lowlands. 

 

Figure 2: Estimated Monthly means of rainfall in 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 

Temperature variability and trend 

Temperature variability is high in Ethiopia; for instance, years like 1957, 1958, 1973, 1987, 1995, and 

2002 were very warm while 1964, 1967, 1968, 1975, 1977, 1989 and 2003 were very cool years 

(NMSA, 2007). From the current weather data, the average annual maximum temperature of the study 

area has been increased on average by about 0.08oC per decade totalling 0.5 oC over six decades 

(Figure 3), similarly average annual minimum temperature has been increased by about 0.08 oC every 

decade (Figure 4), which is close to the estimate of NMSA ( 2001 ) of 0.10 oC  per decade at country 

level. However, Funk et al. (2012) reported rapid increases in later part of belg (March-May) 

(0.6°C/decade)–but significant increases in the kiremt (June- September) (+0.4-0.6°C/decade) for 

highlands of Ethiopia based on meteorological data extrapolated from five selected stations for the 

years 1951-2009. 
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In the present study, it is interesting to note that the average annual minimum temperature and the 

average annual maximum temperature increased at the same pace (Figure 3 &4). However, in both 

maximum and minimum temperatures, the LSD analysis shows that there are no significance 

temperature differences across the most decades except decade six in case of maximum temperature, 

which indicated that maximum temperature increased significantly in the sixth decade (2000-2009). 

For minimum temperature, the significance level started since 4th decade (1980s) and reached highest 

in fifth decade (1990s) and declined back in the sixth decade. 

 

Figure 3: Estimated Monthly Means of Maximum Temperature by decades 

. Decade 1= 1951-59, Decade 2=1960-69, Decade 3=1970-79, Decade 4=1980-89, Decade 5=1990-99, 

Decade 6= 2000-09 

 

Figure 4: Estimated Monthly Means of Minimum Temperature by Decades 

Decade 1= 1951-59, Decade 2=1960-69, Decade 3=1970-79, Decade 4=1980-89, Decade 5=1990-99, 

Decade 6= 2000-09 

Relative humidity 

Humidity together with temperature and pressure are one of the fundamental variables that characterize 

the local state of the atmosphere (ASA, 2005). Within the realm of agriculture, humidity measurements 

have a wide variety of applications, including prediction of plant disease, prediction and maintenance 

of livestock feed requirement (ASA, 2005).  It is critical to note that for crop production, it is actually 
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soil moisture that is the key variable, not rainfall as soil moisture is affected by evaporation (Funk et al., 

2012). In many locations, the primary threat to soil moisture is increased temperature as this increases 

evaporative losses both directly and through transpiration. Uncertainty in future rainfall amounts is 

therefore often of less relevance than sometimes thought, as increasing temperatures can result in soil 

moisture deficits even under increased rainfall conditions (USAID, 2015). In the present study, there 

was no significance difference for relative humidity across the decades from 1951-2009, as shown in 

Figure 5 below. This likely shows the central Ethiopian highland humidity remained constant for 

potential water resource.

 

 

Figure 5: Estimated monthly means of relative humidity by decades 

Decade 1= 1951-59, Decade 2=1960-69, Decade 3=1970-79, Decade 4=1980-89, Decade 5=1990-99, 

Decade 6= 2000-09 

Sunshine hours 

Solar radiation is the largest energy source and is able to change large quantities of liquid water into 

water vapor (ASA, 2005). The potential amount of radiation that can reach the evaporating surface is 

determined by its location and 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 major parts of the radiation (ASA, 2005).  

In the current study area, statistically there was no significance difference for the sunshine hours in the 

last three decades. But sunshine hours increased from average 8.15 to 8.3 hours per day (Figure 6).  

The relative humidity that had remained constant in Figure 5 probably resulted due to the less 

likelihood of sunshine hours to affect evapo-transpiration and hence crop production.  
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Figure 6: Estimated Monthly Means of Sun shine hours by decade 

 Decade 4=1980-89, Decade 5=1990-99, Decade 6= 2000-09 

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 

farm stead and livestock during the winter (ASA, 2005). Wind also affects evapotranspiration. The 

wind speed in the study area showed significant difference between decades and showed declining 

trend in the last two decades estimated at -1.6 % (See Figure 7 below). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Wind speed change by decade 
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Discussion 

Rainfall: Precipitation in liquid and frozen form is one of the most important weather variables for 

agricultural system. To survive, all plants rely on water from precipitation to recharge the soil. Periods 

of no precipitation results in the development of drought, and periods of excess precipitation produce 

floods (ASA, 2005). Both extremes have a major impact on agricultural crops, livestock and 

operations.  However, many other natural and human factors can affect water availability (Wilhite and 

Glantz, 1985) whether for crop growth, pastures or household use. The interconnectedness of changes 

in temperature, sunshine hours, wind condition, evapotranspiration or other physical factors such as 

soil fertility, soil depth, soil type and vegetation cover also affect water availability (Meze-Hausken, 

2004). 

According to USAID (2015) between the mid-1970s and late 2000s, Belg and Kiremt rainfall 

decreased by 15–20% across parts of southern, southwestern, and southeaster Ethiopia. Similarly, 

during the years 1990 to 2009, the areas receiving sufficient Belg rains have contracted by 16%, 

exposing densely populated areas in the rift valley, south and east part of Ethiopia to climate change 

vulnerability (Funk et al.2012).  

However, areas of Ethiopia at 8°N and areas west of 38°E appear likely to continue to receive more 

than 800 millimetres of precipitation during the Belg and Kiremt seasons (Funk et al.2012).  Therefore, 

Ethiopia does not face a catastrophic national failure of rainfall, but rather regional hot spots with a 

tendency towards more frequent droughts. Although these droughts will tend to affect most 

pastoralists, agro-pastoralists and some of the highlanders living in climatically marginal areas, water 

resource in climatically secure areas could help mitigate the impact of those effects (USAID, 2015).  

Temperature: Funk et al. (2012) reported that if recent warming trends in Ethiopia continue, at the 

end of 21st century, most of Ethiopia will experience more than a 1.0 Celsius (°C) increase in air 

temperature, with the warming tendency projected to be greatest in the south and east part of the 

country. Funk et al. (2012) observation based on 1951-2009 weather station data indicated the central 

Ethiopian highland temperature turn out to became hotter–with more rapid increases from +0.4 to 

0.6°C/decade. In the current study, temperature has increased by 0.1°C/decade. 

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, no significant change was observed in evapo-transpiration 

due to increased solar radiation, which needs further investigation for no change in the results. 

National Water Resources Potential  

The country’s annual renewable fresh water resources amount to some 122 billion cubic meter 

(BCM)/year in the twelve river basins (MoWR, 2002). However, only 3% remains in the country, the 

rest 97% is lost in runoff to the lowlands of neighboring countries (Awulachewetal.,2005). There is 

also an estimated 2.6 billion m3 of ground water potential (MoWR, 2002). In 1990, for a human 

population of 47 million, the amount of water per person per year was estimated at 2,620 m3. Based on 

a population of 68 million in 2003, the per capita share of water went down to 1794 m3/year. By 2005, 
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this has reduced to 1707m3 due to human population growth to about 73 million. According to FAO 

(2006), the per capita water share of Ethiopia in 2005 categorized into water scarcity zone trickledown 

from water sufficient zone in 1990s. 

Awulachewet al (2005) reported that the per capita water availability of Ethiopia based on population 

data of the past and projection into the future shows that Ethiopia will become a physically water 

scarce country by the year 2020 with equivalent of 1000 M3 per capita per year (see figure7). This will 

make the country on the threshold of being classified under water scarcity region as those areas with 

less than 1000 m3 per person per year (Rosegrantet al., 2002). 

 

Figure 7:  Water available per capita per year in Ethiopia from 1950 to 2050 

Source: Wulachew, et al.,2005 

However, at this stage of water development, where the country withdraws less than 5% of its fresh 

water resources (rivers, lakes and ground water) labelling the country under 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 coverage is only about 34% (GTP, 2010). The distribution and quality of available 

water is uneven over the country where the lowland and drought-prone areas have much less water than 

the highlands and plateau areas of the country.  
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On the other hand, at a country level, there is a decline in rainfall amounts from June to September in 

the past three decades were estimated to be falling by 14% less than the normal (MoWR, 2001). This 

was evidenced with the decline in rainfall amount in the North Central Ethiopian Highlands from time 

to time. MoWR (2001) estimated a decline in annual precipitation and increase in runoff between 

1945-64 at 8% and 18%, respectively. The decline in precipitation shows that the future potential for 

more rain water harvest is at a risk. In addition, increased run-off contributed to soil losses and decline 

on infiltration rate which would have a negative consequence on ground water recharge (Haileslassieet 

al., 2006; Pedenet al., 2007).  

Water Intake by Livestock 

Water source for livestock comes from direct water consumption, feed and metabolic water (NRC, 

1981; Pedenet al., 2006). Water intake in feeds and forage plus that consumed ad libitum as free water 

is approximately equivalent to the water requirements of livestock. Water requirement is influenced by 

rate and composition of gain, pregnancy, lactation, activity, productivity, type of diet, feed intake and 

environmental temperature (NRC, 1981). 

Water intake is also influenced by type of breed and species of livestock as Zebu cattle may have a 

lower intake of water than European breeds (Jahnke, 1982). This author has estimated that water intake 

per kilogram of dry matter may be as much as 40% less for camels and small ruminants than cattle. 

This might be partly attributed due to species ability to conserve water and physiological differences. 

In general, water intake varies between breeds, species and individual animal (FAO, 2006). 

Watering frequency has a significant impact on the performance of livestock too, as livestock in the 

tropical countries are usually watered less frequently (Jahnke,1982).  A study conducted using local 

goats in Ethiopia revealed that goats watered once every fourth day spent more time in the shade 

without browsing as compared to those watered every day (Mengistuet al., 2007).  These authors found 

that body weight gain was lower in longer interval drinking than in daily drinking. This suggests that 

shortening watering intervals benefits to exploit the growth potential of goats. 

Nichlson (1986) reported that under extensive grazing conditions during the dry season, the weight and 

condition of lactating cows of Boran and crossbred have declined more rapidly for those given water 

every three days than those given water daily. However, when water intake was adjusted to a constant 

body weight and dry matter intake, the breed difference became negligible (NRC, 1981). 

Since feed contains some water and the oxidation of certain nutrients in feeds produces water, not all water 

must be provided by drinking (ILCA 1994; Zinashet al.,2003). Water in roughages varies from 5 to 90% 

(Jutzi et al., 1987). Silage, green chop, or growing forage are usually very high in moisture content, while 

grains, hays and dormant pasture forage are low in moisture. Therefore, drinking water intake of animals 

under the same performance is partially determined by dry matter content of feed. 

In addition to dry matter content, high energy feeds produce more metabolic water than low energy feeds. 

Thus, poor quality animal rations require more drinking water than high quality feeds. This crates 

complication for smallholders’ livestock owners for their feed is already in poor quality and have a limited 

access to water-based animal requirements. According to ILRI (2002), fasting cattle for few days or 

feeding low protein diet may force animals to form water from the destruction of body protein or fat, 
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which brings 1% of body weight loss or 3.1kg per cow. This type of water extraction from the body results 

water imbalance in animal physiology and could bring death under stressful conditions. 

In general, water intake is influenced by genetic factors such as species and breeds, by animal productive 

and reproductive performances as well as by the environmental factors like dry matter content of feed, 

ambient temperature, precipitation, humidity, sunshine hours and wind speed (FAO, 2006). Information on 

livestock water intake explained by environmental factors that mostly available only for ambient 

temperature (Table 1).  Empirical evidences on the relation of others environmental factors with livestock 

drinking water are insufficient. Therefore, evidences on the relationship of livestock drinking water with 

sunshine hours, precipitation, humidity, wind speed and water temperature need to be generated to 

document future water balance based on agro-ecology of the country. 

 

Table 1: The effect of water intake with different ambient temperature for different species of 

livestock. 

Species Physiological  

Condition 

Average 

Wt (Kg)  

Water requirements 

litre/animal/day 

15oC 25 oC 35 oC 

Cattle African pastoral system lactating-2 litres milk/day 200 21.8 25 28.7 

Large breed dry cows-279 pregnancy 680 44.1 73.2 102.3 

Large breed –mid lactation 35litres milk/day 680 102.8 114.8 126.8 

Goat Lactating 0.2 litres milk/day 27 7.6 9.6 11.9 

Sheep Lactating 0.4 litres milk/day 36 8.7 12.9 20.1 

Camel Mid lactation 4.5 litres milk/day 350 31.5 41.8 52.2 

Chicken Adult broilers (100 birds)  17.7 33.1 62 

 Layers (100 birds)  13.2 25.8 50.5 

Swine Lactating –weight gain 200g/day 175 17.2 28.3 46.7 

Source: FAO (2006) 

In the year 2018, the livestock population in Ethiopia was estimated of about 59 million heads of 

cattle, 60 million sheep and goats, 54 million chicken and 11 million equines (CSA, 2017). The 

total estimated livestock population will be about 60.0 million TLU (TLU is Tropical livestock unit 

is equivalent to an animal of 250 kg live weight on maintenance). Assuming an average 

consumption of 25 liters of water/day per TLU (Jahnke 1982), the estimated daily water 

consumption for all Ethiopia livestock population in 2018 reach about 1.50 million m3. This adds up 

to about 547.9 million cubic meter per annum. This requirement is expected to increase due to the 

increase in livestock population and the envisaged improvement in livestock productivity in the 

future. Improvement in the dairy sector, for example, will require additional water for increased 

milk productivity and sanitary management (FAO, 2006). For instance, a dairy cow with 13.6 kg of 

milk production per day requires an average of 73 liters of water per day, while a cow of 22.7 kg of 

milk production requires 94.5 liters of water per day (NRC, 2000). Similarly, a feedlot containing 

animals in the range of 181-364 kg live weight requires 15-40 liters of water per day per head, for 

animals in the weight range of 364-636 kg live weight the water requirement per day is in the range 

of 27-55 liters (NRC, 2000).  
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According to Jhanke (1982) in the current study area, the amount of water for livestock drinking is 

close to 11.55 m3/TLU/year and a total of 74.4 m3 per annum per household holding at an average 

ambient temperature of 15oC (Table 2).  With increased ambient temperature to 25oC, the annual 

water requirement grows to13.7 m3/TLU/year, 18% growth for 10oC increment.  At 35oC, the 

annual water requirement increased by 40% compared to 15oC ambient temperature (Table 2). 

Under high temperature scenarios, water consumption increases by 2.1%for each OC temperature 

increase (FAO, 2006). Therefore, with increasing temperature livestock water requirement increases 

at increasing rate, that give a signal for future water demand that will increase due to increasing 

global temperature. 

 

Table 2: Livestock water requirement per household in the study area 

Species Average  

holding per 

household(number) 

TLU  

conversion  

factor 

TLU Total water requirement per day 

(liters) 

15oC 25oC 35oC 

Cattle 6.57 0.75 4.92 143.2 164.3 188.6 

Sheep 2.01 0.1 0.201 12.1 18.0 27.9 

Goats 2.28 0.1 0.228 16.0 20.3 25.2 

Chicken 7.57 0 0 1.0 2.0 4.0 

Equines 2.16 0.5 1.08 31.4 36.1 41.4 

Total   6.44  203.7 240.7 287.1 

Annual water requirement per house hold in metric cub (Total 

Per day x 365 days) 

74.4 87.9 104.8 

Percent change over 15oC 0 18 40.1 

TLU conversion factor is based on Jahnke (1982) 

 

Conclusion and Recommendation 

In general, the water resource trend shows a decline in per capita basis. The major contributing factors 

for these declines were combined pressure of human and animal populations 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 attributed to the decline in water 

resources due to a decrease in annual precipitation and increasing temperature. FAO (2006) described 

urbanization and economic growth increase demand for milk and meat; which fueled for additional 

water need for each unit of increased animal protein. The demand for milk and meat is expected to 

double over the next 20 years at annual growth rate of between 2.5 to 4%, respectively (IPCC, 2006). 

Increasing milk and meat production requires more water per unit of the product.  This issue has raised 

a concern on how to meet the water requirement of livestock based on the future human protein 

demand, population growth and climate change. Water intake is also influenced by type of breed, 

species of livestock, animal productive and reproductive performances. Under high temperature 

scenario, water consumption increases by 2.1% for each OC temperature increase.  Therefore, with 

increasing temperature, livestock water requirement increases at increasing rate, alarm future water 
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demand under increasing global temperature. Livestock also contribute to water recharge when manure 

used on the field by increasing soil water retention capacity (Tesfaye, 2005). Manure increase soil 

moisture content by 10% both under medium and heavy grazing conditions (Murwiraet al., 1995). 

Therefore, livestock has a positive water balance in the ecosystem and can be considered as climate 

smart agriculture practice when manure is used in farm fertilization. Thus, to develop water resources 

alternative water recharging mechanisms have to be sought such as water recycling, implementation of 

climate smart agriculture, effective water and soil conservation programs, controlled livestock 

population growth mainly targeting productivity than numbers and comprehensive family planning to 

control human population explosion. The suggested rehabilitation mechanisms have to be integrated in 

planning and implementation of water resource and should engage community participation as well. 
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Abstract 

Application of dam-side scenario (SN) (SN2) and genomic selection (SN3) onto the current breeding 

practice (SN1) and expansion of SN1 to two tiers breeding programs (SN4) were evaluated for Central 

highland (CH) goat breed of Ethiopia to determine optimal scenario(s). The goal traits were body size, 

reproduction and survival whereas the selection criteria were six-month weight (6mw, kg), litter size at 

birth (LSB) and litter size at weaning (LSW).  A web-based menu driven ZPLAPLUS software was used 

to deterministically compare the scenarios. The breeding scenarios were compared based on the 

predicted annual genetic gain (PAGGs) and annual discounted profit per animal. The PAGG (kg) in 

6mw ranged from 0.308 to 0.467 (CH Gonder site) to 0.209 to 0.311(CH Ambo site). The PAGGs 

(number of lambs) in LSB and LSW were small (0.001 to 0.002). The discounted profit from SN3 was 

negative because of assuming the highest genotyping costs. Based on the PAGGs and discounted 

profitability, we recommend SN2 for genetic improvement of community-based breeding programs of 

CH goat breed. In addition, SN4 could also be applied, compared to SN1, as it could contribute in 

lowering risk of inbreeding, improving profitability and suitability of addressing emerging demands. 

The PAGGs in LSB and LSW were small implying that improvements of these traits are best achieved 

through improved management levels as part of the overall genetic improvement program. 

 

Keywords: Selection group; Selection intensity; Reproduction cycle; ZPLANPLUS 

 

Introduction  

Community based breeding program (CBBP) is a design of breeding scheme that is deemed suitable 

for smallholder farming system (Gizaw et al., 2014a). The CBBPs for livestock have been established 

in different parts of the world; for sheep and goats in Ethiopia (Duguma, 2010; Duguma et al., 2011; 

Haile et al., 2011; Abegaz et al., 2014), for goats in Mexico (Wurzinger et al., 2013) and in Iran 

(Mueller et al., 2015a). CBBPs are preferred particularly for small ruminants to the more common top 
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down breeding programs that are mostly established on governmental stations in developing countries 

(Mueller et al., 2015b). 

 

The CBBPs being optimized here were supported and implemented by International Livestock 

Research Institute (ILRI), International Centre for Agricultural Research in Dry Areas (ICARDA), 

national agricultural systems of Ethiopia and the agricultural government structures at different 

structures starting from region to Kebele in two villages namely Tatessa of Oromia and Waykaw of 

Amhara where the crop-livestock production system was dominating (Tatek et al., 2016).   

 

Since recently, one-tier CBBPs of sheep (Haile et al., 2011; Mirkena et al., 2012) and goats were being 

implemented in various communities in Ethiopia where neither dam side nor genomic selection 

scenario were being considered. In the recently operating CBBP, the focus was merely on selecting on 

the male side. The objective of the present work, therefore, was to optimize alternative breeding 

scenarios including the currently practiced breeding programs for CH. Three alternative breeding 

scenarios were simulated and compared with the current breeding scenario (the male side selection 

only) including: 1) dam-side selection: inclusion of dam-side selection could increase the genetic gain 

through improving selection intensity; even though the selection intensity to be realized on dam-side is 

low, application of selection on dam-side could be better than focusing only on male selection; 2) 

genomic selection: various reports are available indicating that genomic selection could be promising 

in livestock breeding (Carvalheiro, 2014). According to report of Schaeffers and Weigel (2012), the 

rate of genetic progress could be doubled by application of genomic selection, which is promising for 

dairy or dual-purpose goats 3) two tier breeding program: assuming that the expansion of the one tier 

CBBP of goats to two tiers would allow quicker dissemination of genetic progress (Gizaw et al., 

2014b).  

 

Materials and Methods 

Description of the study sites  

Optimizations scenarios were based on the data collected from CBBPs established in two villages for 

CH goat breed. Due to long distances between the two villages of CH, they were (Gonder and Ambo) 

were considered as separate. Detailed geographical information of the study villages is given in Table 

1. 

 

Breeding goals and selection criteria  

Body size was identified as the breeding objective trait for the central highland goat breed. In addition, 

producers keeping CH goats indicated twinning and mothering abilities as the most targeted traits to be 

improved (Alemu, 2015; Tatek et al., 2016; Zergaw et al., 2016). 
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Table 1. Description of the study sites for Central Highland goat breed  

 Central highland 

District Lay Armachiho Meta-Robi 

District's zone  North Gonder West shoa 

District's center*  Tikil Dingay Shino 

Distance from Addis (km) 758 100 

Village (s)@ Waykaw Tatessa 

Altitude (m.a.s.l.) 2052 1200-2900 

Latitude (North) 12058' 9020' 

Longitude (East) 37004' 38010' 

Temperature (0C)** 17-24 23-31 

Rainfall (annual, ml) 840-1200 750-110 

m.a.s.l.=meters above sea level; *= Ranges of district altitudes were given for CH from Ambo; 

**=mean daily temperature; @there were nearby village to Waykaw in north Gonder zone but 

considered as Waykaw village.  

 

Selection criteria were six-month weight (6mw), litter size at birth (LSB) and litter size at weaning 

(LSW) for body size, litter size and mothering ability, respectively. Economic weights for the selection 

traits were derived according to the procedure illustrated by FAO (2010). The relative importance of 

selection traits, in index form, for the goat producers were adopted from reports on productivity studies 

of the same breeds (Alemu, 2015; Zergaw et al., 2016; Tatek et al., 2016).  

 

Description of simulated alternative breeding scenarios   

Four alternative breeding scenarios including the one tier community-based breeding practice (SN1) 

were simulated and presented in the current study. 

 

The three scenarios were; 1) addition of dam-side selection onto SN1 (SN2), 2) inclusion of genomic 

selection (SN3) and 3) systematic expansion of one tier to the two-tier breeding (SN4). In the SN4, 

small number of additional breeding does was targeted. The number of does was assumed to be three 

times the number of does in SN1. In Table 3 are summaries of the descriptions of the scenarios.  

 

The four scenarios are also illustrated in figure 1. Bucks were selected at two stages (stage one (S1B) at 

the age of three months based on dam's information and stage two (S2B) at the age of six months based 

on own information). Male and female kids are produced from initial does and bucks in the villages. 

Few (≈5%) candidate males and females were excluding from getting into the breeding program based 

on their physical flaws. Instead of considering all of the candidate bucks for step one selection, about 

5% of them were dropped (in ZPLAN+, there is such option: 'size' = total animal available for 

selection; 'proven' = total animals available for selection but after excluding some from 'size'; 'selected' 

= animals selected finally. This is for all the selection groups.) Therefore, S1B, selected bucks are 

obtained by selecting about half of the candidate male cohorts ('proven') based on their dam's S1B trait 

information. S1B improve milk yield and survivability in AB, twining and mothering ability in CH and 

twining and reproduction performance in WG. S2B were filtered from, on body size, S1B. The number 
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of S1B and S2B to be used for mating was determined based on the number of breeding females 

available in the village. It was designed as majority of the breeding does are mated to S2B (90%) and 

the rest mated to S1B in SN1 to SN3. In SN4, majority of production does were designed to be mated 

to S1B (90%) and the rest mated to S2B.   

 
 

Figure 1. Schematic representation of alternative breeding scenarios: Left: representation of SN1, SN3 

and SN4 (where S1B in SN4 serve the extra does); there is no dam line selection; new born female kids 

to be used to replace some of the initial does as necessary; right: representation of SN2.  

 

Table 2. Summary of alternative breeding scenarios  

Parameter Current SN  

(SN1) 

SN1+Dam line 

selection (SN2) 

SN1 using 

genomic 

selection (SN3)  

Two tier SN (SN4) 

Male: Female ratio  1:25 1:25 1:25 1:25 

Dam line selection  - √ - - 

Genomic selection  - - √* - 

Two steps selection  √ √ √ √ 

Information sources for S2B  Own Own own own 

Information sources for S1D - Own - - 

Use of S1B (%) 10 10 10 90 

Use of S2B (%) 90 90 90 10 

Selection groups  S1B, S2B, BD S1B, S2B, S1D S1B, S2B, BD S1B, S2B, BD, PD 
SN = S1B=Step 1 selected bucks; S2B= Step 2 selected bucks; BD = breeding does; S1D = Step 1 selected buck; 

PD=Production does; * genomic selection was applied to growth only.  

The inclusion of genomic selection into the current breeding practice requires calculation of desired 

accuracy (Ehret et al., 2012) that was obtained by the following formula derived by Daetwyler et al. 

(2010): 

 

MK= male kids; 

FK=female kids; 

CM=candidate males; CF= 

candidate females; 

S1B=bucks selected at step 

one; S1D= does selected at 

step one; S2B=bucks 

selected; at step two; 

BB=Breeding Buck;  

BD=Breeding doe 
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𝑟𝑡∗𝑔 = 𝑤 × [
𝑁𝑟2

𝑁𝑟2 + 𝐶𝑠
]

1
2⁄

 

 

𝑟𝑡∗𝑔  = Correlation of true BV and GEBV for the genomic trait; w (the calibration factor) = 0.9, 

determined value for cattle (Erbe et al., 2011) was used as there no such value  available for goats; N = 

number of animals in the reference population; r2
 = the reliability of GEBV of the animals in the 

calibration set, this was obtained from the heritability of the trait; Cs= number of independent 

chromosome segments which is determined by the following formula:  

𝐶𝑠 =  
2𝐿𝑁𝑒

ln (4𝐿𝑁𝑒)
 

where L is length of genome in Morgan which was set to 32, Ne = effective population size. In this 

scenario N was assumed to be total number of animals in the scenario, r2 was assumed to be the 

heritability. Such assumptions were made in genomic selection of goats (Al-Atiyat, 2014), sheep 

(Shumbusho et al., 2014), poultry (Sitzenstock et al., 2013) among others.  

 

Input parameters 

Input parameters for the simulation studies are given in Table 3. Population parameters were calculated 

based on the number of initial does in the respective villages of the breeds. Number of candidate males 

was calculated as the product of initial does, conception rate, twinning rate, number of parturitions per 

year, survival rate to six-month, kidding rate and sex ratio. Candidate females and candidate males 

were assumed to be equal assuming an equal sex ratio. Number of breeding does was assumed to be the 

sum of initial does and candidate females since initial does were used together with candidate females 

in one selection cycle. Hence, male to female mating ratio was based on breeding does, not on initial 

does, in this study. The period for which breeding animals remain in the flock was adopted from 

previous work on indigenous sheep breeds in Ethiopia (Mirkena et al., 2012) whereas generation 

interval, conception rate and survival rate to six months were based on literature reports and given in 

Table 4 for the three breeds. KI and LSB were derived from monitoring data for the respective breed 

(Jembere et al. 2017).   
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Table 3. Input parameters by breeds  

 

Parameters  

Central Highland 

Gonder Ambo 

Population parameters    

Initial does (IND) 303 328 

Candidate Male (CM) or Candidate Female (CF) per time unit (TU)  

220 

 

187 

Stage one selected bucks (S1B)/TU 105 88 

Stage two selected bucks (S2B)/TU 21 21 

Breeding does ((BD)=IND+CF)/TU 523 515 

Biological parameter    

Breeding doe in use (year) 5 5 

Breeding buck in use (year) 2 2 

Mean age of bucks at birth of 1st offspring   1.4 1.4 

Mean age of does at birth of 1st offspring  1.5 1.5 

Reproduction cycle (kidding interval) (year) 0.69 0.75 

Conception rate  0.89 0.89 

Kidding rate 0.85 0.85 

Litter size  1.56 1.34 

Survival rate to six months of age  0.90 0.90 

Cost parameters    

Variable cost (VC)/animal/S1B/ TU (€) 0.44 0.52 

VC/animal/S2B/TU (€) 0.92 1.10 

VC/animal/BD/TU (€) 0.18 0.19 

Interest rate of discounted costs (%) 5 5 

Interest rate of discounted returns (%) 8 8 

Investment period (year) 15 15 

 

Additional variable costs only (Nitter et al., 1994) were calculated. First, total variable costs per village 

were calculated. These variable costs relate to record keeping, animal identification and health care 

costs. Then the total variable costs were equally divided to each selection group. Within the selection 

group, the total variable costs were divided to the total number of animals in the selection group. 

Contrary to Mirkena et al. (2012), Abegaz et al. (2014), we assumed higher interest rate of discounted 

returns than costs as such assumptions lead to more conservative discounted profit (Ehret et al., 2012). 

All costs were computed as of 15-April-2015 (1€ ≈21.9251 ETB). Breeding costs of SN2 and SN4 

were assumed to be similar with that of SN1. Such assumption could be logical as larger selection 

proportion (80%) or lesser selection intensity is applied to young females in SN2 which could not 

necessarily require additional cost.  

 

The S1Bs that are assumed to be used for mating in additional breeding females in SN4 have been 

produced through SN1 but that may not lead to significant cost of producing S1Bs for SN4 where the 

cost of producing these bucks for SN4 could be regarded as negligible. On the other hand, additional 

€112.66 per animal variable cost was assumed for pre-genotyping and genotyping in SN3 on top of the 

variable costs in the SN1. 
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The phenotypic standard deviations and economic weight of breeding objective traits used in the 

simulations are given in Table 4. Genetic and phenotypic correlations among the breeding objective 

traits are presented in Table 5. The phenotypic standard deviations were obtained from the respective 

data generated on the breeds whereas genetic parameters were based on literature review (Jembere et 

al., 2017). ZPLANPLUS, a web-based menu driven software (https://service.vit.de/zplanplus/) was 

used in the present study. The latest version that was used here allows modeling of genomic selection 

in contrast to the earlier versions.   

 

Results 

Predicted Genetic gains in Breeding Objective traits  

Predicted annual genetic gains (PAGG) in six-month weights (6mw, kg) were highest in SN3 followed 

by SN2, SN1 and SN4. This was the same for the goat breeds from both sites (Table 6). The PAGGs in 

6mw ranged from 0.308 to 0.467 for CH from Gonder site to 0.209 to 0.311 for CH from Ambo site. 

The highest PAGGs in 6mw were obtained for CH Gonder site, followed by CH Ambo site. The 

PAGG in LSB in both CH was found to be same and had the magnitude of 0.001.     

 

Table 4. Phenotypic standard deviation (σp) and economic weight (EW) for selection criteria by breed  

 

Traits  

 

Unit 

CH1 CH2 

σp EW σp EW 

6mw Kg 3.90 0.14 2.22 0.24 

LSB № - 3.36 0.47 2.47 

LSW № - 2.06 0.67 2.19 
CH1= Center highland of Gonder site; CH2= Central Highland of Ambo site; 6mw=six-month weight; LSB= 

litter size at birth; LSW=litter size to weaning; (selection criteria: - 6mw, LSB & LSW). 

 

Predicted monetary Genetic Gain and Discounted profits 

Considerable amount of mGGs, considering in CH goat breed at Ambo and CH Gonder sites: the 

values ranged from 0.060 to 0.082 for CH Ambo site and 0.052 to 0.075 for CH Gonder site. Due to 

the relatively high costs, the discounted profit from SN3 was negative for all breeds in all sites. 

 

Table 5. Genetic correlation (above diagonal), heritability (diagonal) and phenotypic correlation 

(bellow diagonal) for selection criteria in three goat breeds 

  Central Highland goat breed   

Traits   6mw LSB LSW  

6mw 6mw 0.28 -0.12 -0.12 6mw 

ADM LSB -0.20 0.05 0.79 LSB 

SUR LSW -0.20 0.24 0.06 KI 

CH1= Center highland of Gonder site; CH2= Central Highland of Ambo site; 6mw=six-month weight; LSB= 

litter size at birth; LSW=litter size to 3 months; selection criteria: - 6mw, LSB & LSW). 

 

Positive profits were obtained from the three other scenarios. The SN4 resulted in the highest profits, 

followed by SN2 for two sites while the profit from SN2 was higher than from SN4 for CH Ambo site. 

https://service.vit.de/zplanplus/
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The values (Euro) for profitable scenarios ranged from 0.048 to 0.098 for CH from Ambo site, from 

0.035 to 0.158 for CH from Gonder site.  

 

Discussion  

All the three scenarios simulated as alternatives to the current CBBP of CH goat breed in Ethiopia had 

advantages in terms of PAGG and mGG over the baseline CBBP in all the three breeds. Sizable 

PAGG, however, were obtained for 6mw weight only. The other breeding objective traits did not show 

substantial predicted annual genetic gain. This was probably because of generally low levels of 

variability for other traits within each of the populations. Heritability values of twining, mothering 

ability and survivability were smaller compared to the growth traits (Safari et al., 2005; Jembere et al. 

2017). The unfavorable genetic correlations of these traits with growth traits could also be another 

possible reason for small genetic gain realized in the rest traits compared to growth.  
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Table 6. Predicted annual genetic gains (PAGG) in selection traits, generation interval (GI) and intensity of selection (IS) from the four 

scenarios (SN) Central highland (CH) goat breed from Gonder and Ambo sites in Ethiopia  

 Gonder site (CH) Ambo site (CH) 

Trait* SN1 SN2 SN3 SN4 SN1 SN2 SN3 SN4 

6mw 0.336 0.364 0.467 0.308 0.223 0.242 0.311 0.209 

LSB 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

LSW 0.002 0.001 0.002 0.002 0.002 0.001 0.002 0.002 

GI 2.425 2.425 2.113 2.425 2.575 2.575 2.187 2.575 

IS 0.563 0.634 0.567 0.559 0.538 0.602 0.558 0.536 

6mw=PAGG in six-month weight (kg); LSB=PAGG in litter size at birth; LSW=PAGG in litter size at weaning.  

 

Table 7. Monetary genetic gain (mGG), discounted returns (Return), discounted costs (cost) and discounted profit (Profit) in Euro from the four 

scenarios (SN) Central highland (CH) goat breed form Gonder and Ambo sites in Ethiopia** 

Gonder site Ambo site 

Parm* SN1 SN2 SN3 SN4 SN1 SN2 SN3 SN4 

mGG 0.055 0.057 0.075 0.052 0.060 0.063 0.082 0.059 

Cost 0.300 0.300 13.304 0.091 0.325 0.325 13.98 0.173 

Profit 0.035 0.081 -12.81 0.158 0.048 0.098 -13.4 0.059 

Parm=parameters; *= breeding costs were pre animal and in Euro.  
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Abegaz et al. (2014) reported PAGG in 6mw (kg) of 0.8702 to 0.8724 and 0.360 to 0.365 for Western 

lowland and AB goat breads, respectively. The authors also reported PAGG in average daily milk yield 

(kg) for AB breed to be 0.0066 to 0.0114.  Except for Abegaz et al. (2014), reports for such comparisons 

were not available on indigenous goat breeds of Ethiopia. However, similar reports are available on sheep 

breeds in Ethiopia and elsewhere. Gizaw et al. (2014b) reported PAGG of 0.119 to 0.286 kg in 6mw of 

Menz sheep which is in agreement with this study from the various scenarios except for the higher value 

reported from the CH Gonder site. However, simulations by Mirkena et al. (2012) resulted in much 

higher values of PAGG in yearling weights for Ethiopian sheep. The values in kg were in the range of 

0.813 to 0.894 for Bonga, 0.850 to 0.940 for Horro and from 0.616 to 0.699 for Menz.  

 

The discrepancies between the present results and those reported elsewhere could be attributed to the 

magnitudes of phenotypic standard deviations and intensity of selection. For instance, in the study 

reported by Abegaz et al. (2014), higher phenotypic standard deviations for 6mw (2.74 kg) reported 

compared to the phenotypic standard deviations of 2.09 kg (6mw) used in this study. In Mirkena et al. 

(2012) high phenotypic standard deviation (6.36 kg for Bonga and Horro and 3.46 kg for Menz) were 

used. Generally, predicted annual genetic gain increases when the phenotypic standard deviations are 

high. On the other hand, Mallick et al. (2016) estimated smaller annual genetic trend in 6mw amounting 7 

gm for Bharat Merino sheep. 

 

The PAGG in mothering ability as represented by the proportion of young weaned per dam per year (%) 

by Abegaz et al. (2014) and Mirkena et al. (2012) were very small and are in agreement with the present 

report. The PAGG in LSB and survival rate to weaning (%) for Menz sheep were in the range of 0.0013 

to 0.0031 and 0.0010 to 0.0022, respectively (Gizaw et al., 2014b) thus, in the same order of magnitude 

as the values presented here.  

 

Alternative scenarios 

The higher PAGG in 6mw from SN2 were expected, as SN2 benefited from the higher selection intensity 

contributed from the dam-side selection in addition to that of bucks. Although we assumed a relatively 

high retention of 80% on the young female side (without applying selection on the old dams), this still 

resulted in considerably higher overall PAGG and mGG in SN2 compared to SN1. Therefore, 6mw was 

favored in SN2 than other breeding objective traits compared to SN1. 

 

Applying higher selection intensity would result in even higher PAGG on one hand and higher discounted 

returns on the other. The selection intensity improved via selecting dam-side also increases the breeding 

return. Lower costs and higher returns on investments then result in higher profitability of breeding. 

Hence, SN2 was found to be more economical compared to SN1 as no additional investment costs were 

assumed in SN2 over SN1.  

 

The culture of keeping all does for breeding purposes in rural households could be a bottleneck in 

implementing dam-side selection. However, continues engagement and consultations with communities 

should be the starting point for such initiatives. Within a village, the available does could be categorized 

based on genetic merits where the 'best' dams could be used for breeding purpose.     

 

 By including genomic information into the current breeding practices, PAGGs of the selection criteria 

and monetary genetic gains from SN3 were relatively higher than those from SN1. In genomic selection 

scenario, higher accuracy of selection index, shorter generation intervals and higher selection intensity are 
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jointly exploited to result in overall higher predicted annual genetic and monetary genetic gains 

(Schaeffers and Weigel, 2012).  According to Carvalheiro (2014), genetic improvement scenarios 

combining genomic selection and reproductive technologies provided the best results in terms of genetic 

gain. In Sahiwal cattle breed of Pakistan, the advantages of genomic selection over progeny testing were 

spelled out as shortening the generation interval from 10.25 years to 2.75 years, increasing the response to 

selection by 2.5 times and reducing the costs of proving bulls by 96%.  

  

In this study, selection intensities attained were not as high as those reported in dairy cattle.  The reason 

was that the selected best bucks could not serve more than 25-30 breeding females, because of natural 

mating practiced in goats as opposed to artificial insemination (AI) in cattle, where semen from the best 

bulls can serve thousands of cows. Thus, the higher PAGGs from SN3 were associated with assuming 

higher accuracy of selection index and shorter generation intervals. The improvement of the PAGG in 

6mw ranged from 38-48 % in SN3 compared to SN1 for the three goat breeds (Table 7). Contrarily, LSB 

and LSW did not benefit from SN3 due to their antagonistic genetic relationship with the 6mw (Table 4).  

 

Currently, the lack of a cost-effective strategy for applying genomic selection is the main drawback for its 

widespread use (Carvalheiro, 2014). In the present study, we assumed that male animals are selected 

based on high density 50K Single Nucleotide Polymorphism (SNP) marker for their 6mw and hence the 

contribution of genomic selection was fully expressed in 6mw.  

 

The discounted returns from SN3 could not offset the high genotyping costs resulting in non-profitable 

breeding activity in all the three breeds. Genomic selection scenario was also associated with higher 

variable costs in the case of French sheep (Shumbusho et al., 2014). Carvalheiro (2014) suggested that 

genotyping strategies need to be defined to better identify the proper densities of marker panels to be used 

for each category of animal and in which proportion they should be genotyped. Use of lower density SNP 

Chip could lead to improved profitability. According to Rupp et al. (2016), additional limitations of 

applying genomic selection to small ruminants included small reference population sizes, low linkage 

disequilibrium, multi-breed evaluations and lack of phenotype recording in many countries. Even though 

SN3 resulted in higher predicted genetic gains, its application as an alternative to SN1 is bottlenecked by 

lack of cost-effective genotyping strategies. In addition to the higher costs involved in implementation of 

genomic selection, lack of adequate infrastructure makes its application under smallholder production 

systems unattainable. Exploring cost effective techniques of genotyping and improving infrastructures 

may lead to application of genomic selection of goats in Ethiopia in near future.     

 

SN4 was not more favorable than SN1 in terms of genetic gains. The possible explanation could be that 

SN4 assumed additional number of productions does over the SN1. In the present study, extensive use of 

S1B in SN4 was designed. Therefore, more improvement in the SN4 over SN1 was realized on the traits 

for which S1Bs were selected. LSB and LSW from SN4 did not make improvement at all compared to the 

gains from SN1 which could be attributed to the low heritability values of the traits. On the other hand, 

the predicted annual genetic gain in 6mw from SN4 was smaller in all the cases compared to the result 

from SN1 which is due to the fact that in SN1, S2B selected based body weight were used.  

 

However, in terms of profitability, SN4 was found to be always better than SN1. In such cases, SN4 may 

work good compared to SN1- SN3. A disadvantage of single tier breeding program, which most likely 

involves smaller number of animals than two or more tier breeding program, is that they are more prone 

to inbreeding level build-ups unless the mating schemes are carefully designed and monitored. In this 

SN4, we designed the flow of male genetic materials from single tier to the production does which could 
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not reduce the risk of inbreeding. Consideration of flow 'best' female genetic materials from the 

production does to the nucleus could help for such concerns.          

 

 Conclusion  

All the four scenarios resulted in significantly higher PAGGs, especially for 6mw selection trait and even 

though, PAGGs from SN3 were the highest, this scenario was associated with the highest variable costs 

resulting in negative discounted profit. Increased number of base breeding animals over time, and use of 

AI techniques would only enhance these advantages.  

 

Based on the PAGGs and profitability we suggest SN2 over SN1. However, SN4 could also be applied, 

compared to SN1, in view of higher profitability and suitability of addressing emerging demands for 

genetic improvement of body size in CH goat breed in Ethiopia. The PAGGs in mothering ability and 

survival (LSW) were small implying that improvements of these traits are best achieved through 

improved management levels as part of the overall improvement program. 
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Abstract 

A meta-analysis of 84 published reports on goats was conducted to calculate weighted and unweighted 

average direct heritability (ha
2), maternal genetic effect (hm

2) and ratio of common environmental effect 

(c2), for growth traits in goats. Weighted average ha
2, hm

2, and c2 for growth traits ranged from 0.03 to 

0.45, 0.05 to 0.27, and 0.02 to 0.10, respectively. In most cases average ha
2 and rg had higher observed 

standard deviations compared to the theoretical standard error. Based on the present findings, it seems 

that weighted average ha
2, hm

2, and c2 are more reliable estimates. More studies on genetic parameter 

estimations are required for growth, reproduction, and milk traits in goats. 

 

Key words: Goat; heritability; weighted averages 

 

Introduction 

Goats significantly contribute to the national economy and livelihood of the poor in many developing 

countries (Peacock, 2005; Aziz, 2010). However, their productivity in developing world systems is often 

low as a result of many interrelated factors including the genetic potential of the indigenous stock. 

Planning and implementing sustainable breeding programs have the potential to contribute to bridging the 

performance gap with developed countries. Genetic parameters including genetic correlations and 

heritability are required for planning breeding strategies and genetic evaluation programs in livestock 

(Willam et al., 2008). 

 

In quantitative genetics it is commonly believed that the genetic parameters refer to the population in 

which they are estimated. However, sufficient time and suitable data limit the parameter estimations 

available for specific populations (Koots et al., 1994). Even when parameter estimates are available, 

according to these authors, precision is generally low. On the other hand, Koots and Gibson (1996) 

indicated that referring estimates of genetic parameters to the population in which they are estimated 

should not be a universally accepted principle. Values estimated elsewhere could be used for populations 

with no parameter estimates. Little or no differences in parameter estimates between populations or 

breeds (Koots and Gibson, 1996) encouraged the use of parameters estimated elsewhere. Hence, the 

genetic parameters might be more accurately estimated by pooling results from literature and combining 

mailto:t.dessie@cgiar.org
mailto:b.rischkowsky@cgiar.org
mailto:a.haile@cgiar.org
mailto:kebede123@yahoo.de
mailto:o.mwai@cgiar.org
mailto:tjbakara@yahoo.co.uk
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them with specific population estimates (Koots et al., 1994; Koots and Gibson, 1996; Lobo et al., 2000), 

where available.  

 

There are different ways to pool and present genetic parameter estimated from literature. For instance, 

Cammack et al. (2009) summarized in the form of ranges; Utrera and Vleck (2004) presented in the 

unweighted form; Safari et al. (2005) presented in the weighted form; Koots et al. (1994a, b) and Lobo et 

al. (2000) presented both unweighted and weighted forms.  

 

Different genetic parameters were reported by different authors. for instance, in Cammack et al. (2009) 

and Utrera and Vleck (2004) direct heritabilities were summarized. In Koots et al. (1994a, b) and Loblo et 

al. (2000) comprehensive estimates, including weighted and unweighted heritability and correlations were 

presented; in Safari et al. (2005) weighted parameters were estimated. Comparison of the theoretical or 

predicted standard error (PSE) with observed standard deviation (SD) was also made in Koots et al. 

(1994). Higher PSE than SD could indicate the presence of systematic differences between breeds in 

estimates. Studies made so far did not report maternal heritability, ratio of common environmental effect 

and repeatability estimates. 

 

While literature estimates of genetic parameters are available for cattle (Koots et al., 1994; Lobo et al., 

2000; Utrera and Vleck, 2004; Cammack et al., 2009) and sheep (Safari et al., 2005), such reports are 

lacking for goat traits. Therefore, this review aims at filling these gaps and contributing to the global goat 

genetic improvement initiatives. While the need for genetic parameters in goats was realized during the 

implementation of a community-based breeding program of goats in Ethiopia, the average of the meta-

analysis presented here targeted towards global application. The specific objectives this paper is to 

present unweighted and weighted average direct heritability (ha
2), maternal genetic effect (hm

2) and 

common environmental effect (c2) for growth traits in goats based on meta-analysis of published 

literature.  

 

Materials and methods 

Construction of the dataset: choice of papers and traits studied 

A data set of genetic parameters for growth, milk and reproduction traits was constructed from 84 

independent publications. The following criteria were used for including estimates from a paper in this 

study: the paper (1) that presented informative descriptions of estimates and (2) presented reports standard 

errors for heritability and/or the number of observations. five hundred fifty-one were used. The number of 

papers by country and citations by breed are presented in Tables 1 and 2, respectively. Lists of the growth 

traits studied were provided in Table 3.  
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Table 1. Number of reports by countries   

№ of 

reports 

Countries 

10 Iran 

8 India 

5 Bangladesh, China, Nigeria, South Africa, Thailand  

3 Ethiopia, France, United States of America  

2 Brazil, Croatia, Italy, Mexico, New Zealand, Saudi Arabia, Serbia, Sudan   

1 Arab Emirate, Caribbean, Gambia, Indonesia, Iraq, Japan, Mediterranean 

basin, Morocco, Norway, Pakistan, Poland, Ruanda, Slovenia, Syria, 

Tanzania, Turkey 

84 Total reports  

 

Table 2. List of traits included in the study (with abbreviations)  

Weight traits birth weight (bwt), 20 (20 d) and 70 (70 d) days weights, one (1mw), two (2 

mw), three (3 mw), four (4 mw), five (5 mw), six (6 mw), seven (7 mw), 

eight (8 mw), nine (9 mw), 11 (11 mw), 12 (12 mw), 16 (16 mw) and 18 (18 

mw) month weights 

Growth traits average daily gains during pre-weaning (ADG1), daily gain from three to six 

months (ADG2), six to 12 months (ADG3) 

 

Average genetic parameters  

 

Unweighted and weighted average parameters including direct heritability (ha
2), maternal heritability 

(hm
2) and ratio of common environmental effect (c2) were calculated. Unweighted averages across 

publications were obtained directly for ha
2, hm

2 and c2.  

 

For the calculation of weighted average ha
2, hm

2 and c2 the inverse of their variances was used as per the 

procedure described by Koots et al. (1994). For estimates reported with number of records but without 

standard errors, weighted averages were calculated by the variance proportional to inverse of the number 

of records as proposed by Safari et al. (2005).   

 

Applying the procedure proposed by Koots et al. 1994, weighted averages of the ha
2, hm

2 and c2 from 

published estimates were pooled as follows: 𝑝2 𝑝𝑜𝑜𝑙𝑒𝑑 = 𝑃 𝐸⁄ : where P is ∑ 𝑝𝑖
𝑦
𝑖=1 (𝑆𝐸𝑝𝑖

2)2⁄  and E is 

∑ 1 (𝑆𝐸𝑝𝑖
2)2⁄

𝑦
𝑖=1 ; where y is number of studies (note that  𝑝𝑖

2 and 𝑆𝐸𝑝𝑖
2 represent ha

2, hm
2, and c2 and their 

respective weighted standard error in the formula). Safari et al. (2005) calculated  𝑆𝐸𝑝𝑖
2  based on the 

number of records for the trait as follows: 𝑆𝐸𝑝𝑖
2  𝑖𝑠  

𝑊𝑆𝐷

(𝑛)1/2  where WSD is weighted mean of reported 

standard errors and n is number of records; WSD was again calculated as follows where si  is reported 

standard error, ni is number of records and y is number of studies) 𝑊𝑆𝐷 =  [
∑ 𝑠𝑖

2𝑛𝑖
2𝑦

𝑖=1
∑ 𝑛𝑖

𝑦
𝑖=1

⁄ ]

1 2⁄

. 

 

When reported heritability estimates were not accompanied with the number of records, published 

standard error (𝑆𝐸ĥ2) was adjusted to the mean heritability and calculated using the following formula 

(Koots et al., 1994a): 𝑆𝐸ĥ2 = [(
�̅�2

�̂�2⁄ ) × 𝑆𝐸𝑝2]
1/2

. The standard error for the pooled heritability 
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estimates was estimated as follows (y = number of studies) (Koots et al., 1994).   𝑆𝐸 (�̂�2 𝑝𝑜𝑜𝑙𝑒𝑑)  =

[
1

∑ 1
𝑆𝐸

�̂�𝑖
2⁄

𝑦
𝑖=1  

]

1/2

                                         

 

Results and Discussion 

This study presents unweighted and weighted average estimates (ha
2, hm

2 and c2) from 84 independent 

studies for growth traits in goats. The number of publications or papers used for such type of study on 

cattle and sheep is higher; for instance, Koots and Gibson (1996) used 286 papers; Koots et al. (1994) 

used 287 papers; Lobo et al. (2000) used 490 papers; Safari et al. (2005) used 165 studies. However, 

Utrera and Vleck (2004) used 72 papers. The availability of numerous studies on cattle and sheep could 

be due to the fact that cattle and sheep received more attention than goats. 

 

Unweighted average heritability and ratio of common environmental effects  

 

Unweighted average ha
2, hm

2 and c2 for growth traits in goats are presented in Tables 4 and 5. The ha
2, hm

2 

and c2 were calculated for all, 10 and 13 of the 41 traits studied, respectively. The fact that most studies 

did not partition heritability into ha
2, hm

2 and c2 can be attributed to the methods used in the estimation of 

parameters. When genetic parameters are estimated based on the sire model or regression of offspring on 

parents, heritability were usually not partitioned, in contrast to studies applying animal models. 

 

In total, 68 unweighted ha
2, hm

2 and c2 were obtained (Tables 3 to 4). Considering unweighted ha
2 only, the 

most studied traits measured by number of independent studies (in parenthesis) in order of importance, 

were bwt (54), 3mw (41), 6mw (23), 12mw (21) and pre (17). The number of studies per average 

estimates could be an indication of the attention given to a trait, ease of measuring a trait and the 

associated costs of recording the traits as well. Unweighted average ha
2 ranged from 0.05 to 0.51 for 

growth traits in goats. The unweighted average values of hm
2 and c2 for the growth traits were 

considerably small ranging from 0.03 to 0.35 and 0.02 to 0.13, respectively.  
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Table 3. Unweighted average of direct heritability (ha
2), maternal genetic effect (hm

2) and common 

environmental effect (c2) for growth traits in goats 

Traits n ha
2±SD n hm

2± SD n c2±SD 

Birth weight  54 0.31±0.17 15 0.13±0.08 13 0.13±0.10 

20 days weight  1 0.14 1 0.07  - 

One-month weight  6 0.36±0.36  -  - 

Two months weight  8 0.32±0.24 2 0.35±0.37 1 0.04 

70 days weight  1 0.15 1 0.03  - 

Three-month weight  41 0.27±0.17 12 0.09±0.05 12 0.09±0.03 

Four months weight  3 0.37±0.13  -  - 

Five months weight  6 0.51±0.23 2 0.09±0.01  - 

Kleiber Ratio  6 0.19±0.34 4 0.07±0.04 3 0.02±0.02 

Six months weight  23 0.35±0.21 3 0.08±0.08 4 0.08±0.04 

Seven Months weight  1 0.39  -  - 

Eight months weight  1 0.12 1 0.03 1 0.06 

Nine Months weight  16 0.34±0.14 4 0.06±0.05 3 0.07±0.03 

11 months weight  2 0.30±0.03  -  - 

12 months weight  21 0.31±0.15 3 0.04±0.03 3 0.07±0.04 

16 months weight  1 0.58  -  - 

18 months weight  3 0.39±0.26  -  - 

Pre-weaning daily gain  17 0.22±0.18 4 0.04±0.02 7 0.08±0.05 

3 to 6 months DG 12 0.24±0.30  - 3 0.09±0.08 

6 to 12 months DG  3 0.05±0.04  - 1 0.02 

SD=observed standard deviation; PSE=mean of predicted standard error of heritability estimates; 

n=number of studies from which means were calculated; DG=daily gain.  

 

When estimates are accompanied by narrow SD for a trait, it might be an indication of similarities of 

estimates from different populations. In that case weighted and unweighted averages would be very close 

to one another which was the case for 16 estimates out of 63 in the present study.  

 

Weighted average heritability and ratio of common environmental effect  

The weighted averages for ha
2, hm

2 and c2 are presented in Tables 6 for growth traits in goats. The ranges 

of weighted average ha
2, hm

2 and c2 estimates for growth traits were from 0.03 to 0.45, 0.05 to 0.27 and 

0.02 to 0.10, respectively. The pooled standard errors (SE) for the majority of weighted average estimates 

were small (<0.100).  

 

For growth traits the difference between weighted average ha
2 and weighted average hm

2 and c2 increased 

with age. For instance, the values of weighted ha
2 for bwt, 3mw, 6mw and 12mw were 0.16, 0.22, 0.28 

and 0.31, respectively compared to hm
2 of 0.12, 0.08, 0.13 and 0.09 and c2 of 0.09, 0.09, 0.08 and 0.05, 

respectively for these traits (Table 6). Small values of hm
2 and c2 for early life or pre-weaning traits could 

be an indication that these are influenced by both maternal genetic and common environmental effects. 

 

Generally, maternal influence tended to be high on traits manifested in early life and magnitude of ha
2 

shows an increment with age of animals when individual animals become independent of their dam 

(Shorepy et al., 2002; Niekerk, 1996; Rashidi et al., 2008; Gholizadeh et al., 2010; Osman, 2013). 

However, the relatively small values of hm2 and c2 in the present study indicate that it is less likely for ha
2 

to be inflated if hm
2 and c2 are excluded from a model. The number of studies contributing to the weighted 
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average estimates was smaller than those contributing to the unweighted average estimates because 

studies with neither number of records nor standard errors were excluded in the calculation of weighted 

averages, which was also the case in Koots et al. (1994) and Lobo et al. (2000). Of 63 weighted average 

estimates (ha
2, hm

2 and c2), 17 were greater than, 16 were almost equal to and 29 were less than the 

unweighted average estimates. Koots et al. (1994) indicated that in the absence of systematic differences 

among datasets, weighted average heritability estimates would be appropriate. They proposed the 

following conditions for using weighted average heritability estimates: (1) if factors contributing to 

variation in heritability estimates are essentially random or (2) if individual heritability estimates from a 

random sample subjected to representative set of factors affecting true heritability.  

 

Table 4. Weighted average of direct heritability (ha
2), maternal genetic effect (hm

2) and common 

environmental effect (c2) for growth traits in goats 

SE=pooled standard errors over studies; n=number of studies from which averages were calculated. 

 

Conclusion  

 

Based on our findings and those of others (Koots et al., 1994; Lobo et al., 2000; Safari et al., 2005; 

Jembere et al., 2017), weighted average ha
2, hm

2 and c2 should be preferred to unweighted averages where 

information is lacking. The average estimates should be combined with the local/specific estimates to 

plan goat breeding strategies and genetic evaluation programs. However, it should be noted that since 

most of the traits reviewed here were not frequently studied, further genetic parameter estimations for 

growth, reproduction, and milk traits of goat are required.  
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Abstract  

The study was conducted to evaluate the safety and bacterial profile of Dhanaan (Ethiopian traditional 

fermented camel milk). Metagenomic approach of 16S rRNA gene amplicon was targeted and ion torrent 

semiconductor sequencing technology was used. Metagenomic profiling showed the following lactic acid 

bacteria genera in Dhanaan: Streptococcus, Lactococcus, Weisella, Pediococcus, Lactobacillus and 

Enterococcus. Streptococcus lutetiensis was the most commonly occurring species in all the Dhanaan 

samples. On the other hand, significant number of pathogenic microorganisms such as Escherichia coli, 

Klebsiella, Enterobacter, Acinetobacter and Clostridium species were found to be dominant in the 

Dhanaan samples. Thus, this calls for transformation of the local practices of Dahnaan manufacturing to 

an improved and safe production system. Streptococcus lutetiensis might be technologically important 

lactic acid bacteria for the fermentation of camel dairy products. However, further safety evaluation and 

technological characterization need to be conducted on this species as the QPS (qualified presumption of 

safety) status of the species is not determined yet. 

Keywords; Dhanaan, Bacteria, Camel, fermented milk 

Introduction  

In many countries of dry zones of sub-Saharan Africa, camels (Camelus dromedaries) play a significant 

role in the lifestyle of pastoralist communities owing to their adaptation to the hostile climatic conditions 

by providing milk, meat and transportation. More than half of the world’s 28 million camel population are 

found in the East African countries namely Somalia, Sudan, Ethiopia and Kenya (FAO STAT, 2014). 

Nowadays, the camel is becoming the subject of increasing public interest since climate change is already 

influencing traditional cattle productivity and the camel is capable of surviving in the hostile climatic 

conditions.  

Pastoralists practice and recent scientific reports indicate that fermented and fresh camel milk has 

therapeutic properties against different diseases (Mati et al., 2017); (Dubey, Lal, Mittal, & Kapur, 2015); 

Galil, Gader, & Alhaider, 2016; Seifu, 2007). Traditionally fermented camel milk is commonly known in 

different parts of the world. However, it is commonly claimed that camel milk is difficult to process into 

products such as butter, cheese, yoghurt, UHT milk and is only suitable for drinking as fresh or soured  

(Yagil & Etzion, 1984). Fermented camel milk has different names in different parts of the world; Shubat 

in Turkey, Kazakhstan and Turkmenistan, Suusac/susa in Kenya and Somalia, Gariss in Sudan, Dhanaan 
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and ititu in Ethiopia (Farah, Mollet, Younan, & Dahir, 2007; Seifu, 2007; Shori, 2012). Dhaanan in 

Ethiopia is common in the pastoralists area of Eastern part mainly in Somali and Oromia regions and Ititu 

is produced in the Kereyu area of Oromiya region in the eastern part of the country (Seifu, 2007; Seifu, 

Abraham, Kurtu, & Yilma, 2012).  

Seifu (2007) reported that pastoralists in Shinile and Jigjiga area of eastern Ethiopia preferred to produce 

Dhanaan to other dairy products for its perceived high nutritional value, high demand by urban dwellers, 

and preference of consumers for its taste and flavor as well as long shelf life. Pastoralists in Eastern 

Ethiopia responded that the storage stability of Dhanaan is long and it can stay several months when 

using continuous back slopping, i.e. inoculating a new batch of milk with part of a previous batch (Seifu, 

2007). Similarly, El-Hadi Sulieman, Ilayan, & El-Awad El Faki (2006) reported that the process of 

removal of the accumulated garris and replacement with fresh camel milk commonly continues for 

months of time.  Production of Dhanaan in Eastern Ethiopia  is a long tradition and made by placing 

unpasteurized camel milk in a smoked container, wrapping the container with a piece of cloth and 

keeping it at ambient temperature (25°C and 35°C) over extended period of time (Biratu & Seifu, 2016). 

The pastoralists in Eastern Ethiopia claim that Dhanaan is a safe product for human consumption and has 

therapeutic properties. They believe that pasteurization destroys the medicinal properties of the product.  

On the other hand, spontaneously fermented African camel dairy products are reported to be sources of 

contaminating microbes of public health concern (Biratu & Seifu, 2016; Jans, Bugnard, Njage, Lacroix, & 

Meile, 2012). Therefore, the objective of the study was to evaluate the microbial safety of Dhanaan using 

metagenomic microbial profiling techniques. 

 

Materials and Methods  

DNA extraction  

Dhanaan samples were collected from 6 different market selling points (Bombas, Gende sherka and 

babile areas) in Somali and Oromia regional states of Eastern Ethiopia. Dhanaan product in traditional 

containers is common for selling to the customers in the areas around the streets. The samples were 

collected in sterilized container and transported to Haramaya University Dairy lab. Chromosomal DNA 

from the fermented milk samples were extracted using milk bacterial DNA isolation kit (Product #21550, 

Norgen Biotek) according to the manufacturers´ kit protocol. Purification of chromosomal DNA from the 

samples was done based on spin column chromatography technology. One ml of each Dhanaan samples 

was taken and centrifuged (~20,000 x g, 2 minutes) in order to pellet the bacteria. The pellet is then 

resuspended in resuspension solution A in order to break down the cell wall of the bacteria, followed by 

the addition of Buffer SK and Proteinase K with an incubation step. The next step followed by the 

addition of ethanol to the lysate and the solution is loaded onto a spin column with subsequent 

centrifugation (~20,000 x g, 2 minutes) to bind the DNA into the column. The bound DNA then was 

washed using Buffer SK and Wash Solution A in order to remove any remaining impurities and the 

purified bacterial genomic DNA was eluted with Elution Buffer B. extraction of Chromosomal DNA was 

done at Haramaya University dairy lab, Ethiopia. The DNA concentration was measured using Qubit 

dsDNA assay (Invitrogen, Q32851) and fluorometer measurement (Qubit 3.0 Fluorometer, Invitrogen). 

The extracted DNA samples were stored at -20 C until transportation to Technical University of Denmark 

for metagenomic sequencing. 
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PCR amplification and Library preparation of the V3 region of the 16S rRNA gene 

PCR amplification of the V3 region of community DNA of the 16S rRNA gene using Phusion High-

Fidelity DNA Polymerase (Fisher ScientificF-553L) was done according the ion torrent sequencing 

protocol (following the manufacturer’s protocol). The primers used were forward primer (PBU [primer 

bacterial universal] 5`-A-adaptor-TCAG-barcode-CCTACGGGAGGCAGCAG-3´) and reverse primer 

(PBR [primer bacterial reverse] 5´-trp1-adaptor- ATTACCGCGGCTGCTGG-3´) in a 20 mL total 

reaction volume. Both primers include sequencing adaptors. The forward primer additionally includes a 

unique 10- to 12-bp barcode (IonXpress barcode adaptors).  

The PCR product was separated on a 1.5% agarose gel containing SYBR-safe (ThermoFisher S33102) at 

100 V for 60 min. The gel was viewed on a blue-light trans-illuminator and the bands of the expected size 

(approximately 260 bp) were excised using a disposable gel-cutter. DNA was purified from the gel using 

Qiagen MinElute Gel extraction kit (Qiagen 28604) and DNA concentration was measured using Qubit 

dsDNA HS assay (Invitrogen Q32851). The PCR products were pooled to obtain an equimolar library for 

ion torrent sequencing. 

 DNA sequencing of 16S rRNA gene libraries 

Sequencing of the prepared libraries was performed using the Ion OneTouch and Ion Personal Genome 

Machine (PGM) sequencing platforms with an Ion 318 chip kit. Sequencing data were imported into CLC 

Genomic Workbench (version 8.5 CLC bio, Qiagen, Aarhus, Denmark). Reads were quality controlled, 

demultiplexed, and trimmed to remove barcodes and primers where reads below 125 bp and above 180 bp 

were discarded. Quality filtering, dereplication, operational taxonomic unit (OTU) clustering, chimera 

filtering, mapping of reads to OTUs, and generation of OTU table was done according to the UPARSE 

pipeline (Edgar, 2013). Taxonomy was assigned using the ribosomal database project classifier (Wang, 

Garrity, Tiedje, & Cole, 2007) with confidence threshold of 0.5 and the Green genes database v.13.8 

(DeSantis et al., 2006). Taxonomic assignments were checked by BLASTN against the 16S ribosomal 

RNA sequences database at NCBI (national center for biotechnology information). The relative 

abundance of a given taxon was calculated by considering the total number of reads in the sample. 
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Results  

 

Table 1: The distribution of the top 10 most abundant microbial communities in the Dhanaan samples in (%) of total number of reads 

sample 1  sample 2  sample 3  sample 4  sample 5  sample 6  

g_Strept. (62) g_Strept. s_luteciae (35) g_Strept. s_luteciae (41) g_Strept. s_luteciae (44) g_Strept.s_luteciae (24) g_Escherichia s_coli (39) 

g_Strept. s_luteciae (15) g_Clostridium (23) g_Lactococcus (34) g_Klebsiella (19) g_Escherichia s_coli (21) g_Weissella (28) 

f_Enterobacteriaceae (9) g_Weissella (19) g_Weissella (15) g_Klebsiella (17) g_Klebsiella (19) f_Enterobacteriaceae (7) 

g_Klebsiella (3) g_Strept. (7) g_Escherichia s_coli (4) g_Escherichia s_coli (6) g_Klebsiella (19) g_Strept. (6) 

g_Weissella (2) g_Klebsiella (3) g_Lactococcus (1) f_Enterobacteriaceae (5) g_Weissella (5) g_Strept. s_luteciae (5) 

f_Enterobacteriaceae (2) g_Escherichia s_coli (3) g_Strept. (1) g_Weissella (4) g_Lactococcus (5) g_Acinetobacter (4) 

g_Citrobacter (2) f_Enterobacteriaceae (3) g_Klebsiella (1) g_Lactococcus (3) f_Enterobacteriaceae (4) 

g_Acinetobacter 

s_rhizosphaerae (4) 

g__Klebsiella (2) f_Enterobacteriaceae (3) o_Lactobacillales (1) g_Acinetobacter (1) g_Acinetobacter (2) f_Enterobacteriaceae (4) 

g_Escherichia s_coli (1) g_Strept. (2) g_Klebsiella (1) f_Enterobacteriaceae (1) f_Enterobacteriaceae (1) g_Lactococcus (2) 

f_Enterobacteriaceae (1) g_Klebsiella (2) f_Enterobacteriaceae (1) f_Enterobacteriaceae (1) f_Enterobacteriaceae (1) g_Strept. (1) 

Strept, Streptococcus; S, g, f and o indicate identification at species, genus, family and order levels, respectively. Sample 1 (Bombas); Sample 2 

(Gengesherka); Sample 3 (Gendesherka); Sample 4, 5 and 6 (Babile) 
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Figure 1: Top 

10 abundant microbbial communities in sample1  

Figure 2: Top 10 abundant microbbial communities in sample 2  
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Figure 3: Top 10 abundant 

microbbial communities in sample 3  

Figure 4: Top 10 

abundant microbbial communities in sample 4  
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Figure 5: Top 10 

abundant microbbial communities in sample 5  

Figure 6: Top 

10 abundant microbbial communities in sample 6  
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Discussion 

Lactic acid bacteria (LAB) are the most important groups of bacteria in which their application is utilized 

in the traditional fermentation and industrial usage. For centuries, human being practiced spontaneous 

fermentation for the dairy, cereal and beverage fermentations.  Industrially important LAB genera 

includes Lactobacillus, Lactococcus, Enterococcus, Streptococcus, Pediococcus, Leuconostoc, Weisella, 

Carnobacterium, Tetragenococcus and Bifidobacterium (Klein, Pack, Bonaparte, & Reuter, 1998). LAB 

is used not only for food production, but also for health improvement, production of macromolecules, 

enzymes and metabolites. Nowadays, the genotypic characterization is the most accurate and widely used 

for the identification and characterization in the taxonomy of organisms. 16S rRNA sequencing has 

proven to be suitable for determining the phylogeny of almost all bacteria, and is now by far the most 

common method. The function of the gene has not changed over time, therefore random mutations in the 

sequence indicates a very accurate measure of evolution (Janda & Abbott, 2007).  

Lactobacillus  

Lactobacilli are rod shaped microaerophilic gram-positive bacteria. They are normally found in a wide 

variety of environments, from nutrient-rich milk, to human mucosal surfaces, to soils and plant (Hammes 

& Vogel, 1995).They are important lactic acid bacteria currently getting more emphasis for their probiotic 

properties due to their ability to live in the GIT, resistance to low pH, their temperature growth range.  

Lactococcus  

The genus Lactococcus is a homofermentative LAB genus that produces only the L-(+)-lactic acid 

enantiomer from glucose. They are characterized by ovoid cells that occur individually, in pairs or in 

chains. The Lactococci have been used primarily as starter cultures for various dairy products (yogurt, 

Cheddar, and hard cheeses). They grow at 10°C and 40°C but not 45°C. In general, Lactococcus spp. 

Produce smooth colonies with an entire edge on agar media. They are nonmotile, Gram-positive, and 

form ovoid cells with the tendency to chain in one direction. They are facultatively anaerobic and catalase 

negative (Carr, Chill, & Maida, 2002). 

Weisella  

Weisella are phylogenetically closely related to Leuconostoc as well as Lactobacillus and ediococcus. 

Weisella are short rods with rounded tapered ends or ovoid cells; they are Gram-positive, catalase-

negative, asporogenous and occur in pairs or short chains; they are facultatively anaerobic chemo-

organotrophs and usually non-motile. They have been observed to produce a few antimicrobial 

compounds and they are isolated from vegetable-, fish-, and meat derived food products. The genus 

weisella includes the previously classified Leuconostoc paramesenteroides, Lactobacillus viridescens, 

Lactobacillus confuses, Lactobacillus kandleri, Lactobacillus  and Lactobacillus halotolerans (Björkroth, 

Dicks, & Endo, 2014).  
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Streptococcus  

Streptococci are chains of ovoid or spherical cocci, which have a relatively low G+C content and are 

gram- positive, catalase negative, cytochrome-negative and facultatively anaerobic. They are unable to 

grow at 10 °C, at pH 9.6 or in 6.5% NaCl broth (Moschetti et al., 1998). The genus streptococuss contains 

also an important human pathogenic strains (Janda, 2014). Streptococcus lutetiensis was the most 

abundant species of lactic acid bacteria in the Dhanaan samples (Table1 and Figures 1-6). This indicates 

that streptococcus lutetiensis can be best candidate to be future starter culture for camel dairy products. 

However, its safety assessment is not evaluated and hence, it is not included under the QPS (qualified 

presumption of safety) list or on Bourdichon's inventory on species (Bourdichon et al., 2012; EFSA, 

2017). Although such species are considered as lactic acid bacteria, they need therefore to undergo a 

safety evaluation demonstrating absence of virulence genes or antibiotic resistance and inability to 

produce toxic metabolites before being considered as safe bacteria.  

Microbial communities of the Dhanaan samples were dominated by the phylum of Firmicutes (46%) 

followed by Proteobacteria (42%) and Actinobacteria (11%). The phylum proteobacteria consists 

pathogenic bacteria species such as escherichia, klebsiella, and pseudomonas which are major public 

health concerns. These pathogenic microorganisms were among the top 10 most abundance organisms in 

the Dhanaan samples. Escherichia coli was at the first position among the top 10 most abundant 

microorganisms in sample number 6. Similarly, E. coli was at the 2nd, 4th, 4th, 6th and 9th positions in 

samples 5, 4, 3, 2 and 1 respectively. Klebsiella and Clostridium were also among the abundant 

pathogenic microorganisms in the Dhanaan samples (Table 1 and Figures 1-6). Therefore, the Dhanaan 

samples were dominated by most important pathogenic bacteria which have major public concern. 

Therefore, the pastoralists’ practice of preparation of Dhanaan needs to be modified and the health issue 

should be considered.  

Conclusion  

Metagenomic profiling showed the classical LAB (streptococcus, lactococcus, weisella, pediococcus, 

lactobacillus and enterococcus), the non-classical LAB (Streptococcus lutetiensis) and the pathogenic 

microorganisms (klebsiella, enterobacter, acinetobacter, clostridium) were found in the Dhanaan samples. 

The presence of significant number of pathogenic microorganisms in all the Dhanaan samples indicates 

the need for the transformation of the local practices of Dahnaan manufacturing to an improved and safe 

production system. Streptococcus lutetiensis might be technologically important lactic acid bacteria for 

the fermentation of camel dairy products. However, further safety evaluation and characterization need to 

be conducted on this species as the QPS (qualified presumption of safety) status of the species is not 

determined yet 
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Abstract 

This study was conducted in selected learning water-sheds of Northwestern Ethiopia, West Gojjam Zone 

to introduce and promote improved animal health packages through community-based animal health 

workers and assesses its effectiveness in primary level animal health service delivery system. Four 

community-based animal health workers (CAHWs) were selected with community dialogue and 

acquainted with the required theoretical and practical sessions for 21 consecutive days at Andassa 

Livestock Research Center. The course content and time allocation for the training was determined as per 

CAHWs training guidelines. Upon successful completion of the training, CAHWs were officially awarded 

a certificate of attendance. The present study reported a moderate rate of CAHWs service attrition 

evidenced by 25% dropout rate. Among 2219 house hold service beneficiaries, female headed households 

constitute 4.9%. Cattle, shoat and equine were the type of farm animals treated by CAHWs with 59.6%, 

40.03% and 0.4% proportion, respectively. Post-CAHWs intervention survey revealed that lower 

magnitude of cattle (1.6% vs.5.3%), shoat (0.9 vs.25.2%) and equine (4.6% vs.13.9%) annual mortality 

was recorded in CAHWs service benefited areas than non-beneficiary counter parts. CAHWs treated a 

total of 8473 animals, of which 34 were died with case fatality rate of 0.4%. Moreover, feed shortage 

(47.20%) and livestock diseases (46.47%) were the leading livestock keeping constraints of CAHWS 

service benefited and non-benefited areas, respectively. Most of the respondents from the intervention 

areas explained that CAHWs service was acceptable and preferable because of easy access (51.2%) and 

affordable service charge (44%).  This study concluded that CAHWs were effective to deliver primary 

animal health service and reduced livestock mortality. Therefore, this kind of intervention needs to be 

promoted to areas where there is no formal veterinary service. We suggested that a concerted effort and 

shared responsibility among the respective stakeholders is highly required to ensure CAHWS service 

sustainability.  

Key words: CAHWs, West Gojam, Water-sheds 

 

Introduction 

Limited access to veterinary service is the major bottle neck problem affecting livestock production and 

productivity in Ethiopia, especially in rural areas. Hence, establishing community-based animal health 

program in remote and service inaccessible areas could be an alternative to fill such health service gaps. 

Primary animal health service deliveries by CAHWS in rural areas have been recognized since early 
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1980s across all continents (Catley et al 2002).  African Union/Inter-African Bureau for Animal 

Resources (AU/IBAR), defines a ‘community-based animal health worker’ as a person who performs a 

limited range of veterinary tasks as defined by the statutory body in a given country (AU/IBAR, 2003)  

 

The contribution of CAHWs is largely related to the high impact on animal health and human livelihoods 

resulting from improved basic veterinary care in rural communities (Tim Leyland and Andy Catley, 

2002). For instance, in Kenya farmers without access to CAHWs reported 70% more cattle deaths than 

those farmers who had access to CAHWs. In Afghanistan CAHWs program reduced mortality by 5% in 

calves, 10% in lambs and 38% in kids, compared with control areas without CAHWs (Schreuder et al., 

1995).  The role of CAHWs for the pan African Rinder pest eradication campaign was also considerably 

substantial in Ethiopia (TOTM- CAHWs, 2009).  

As part of natural resource management, Andassa Livestock Research Center has been working in 

collaboration with Water and Land Resource Center (WLRC) to establish learning water-sheds in West 

Gojam. The center was mandated and responsible to identify community problems associated with 

livestock farming in order to provide interventions or alternative technologies. Accordingly, survey result 

showed that lack of animal health service was the major constraint affecting livestock production and 

productivity. As a result, this study was initiated to meet the following objectives: 

1. To introduce and promote improved animal health packages through community-based animal 

health workers  

2. To evaluate the effectiveness of community-based animal health workers in primary animal 

health service delivery 

 

Material and Methods 

Description of the study areas/selected Water-sheds 

This study was conducted in North-western part of Ethiopia, West Gojam in Aba-Gerima, Debre-Yakob 

and Gosh water-sheds, which are located in Bahir Dar zuria, Mecha and Dembecha Districts, respectively. 

These sites undergo mixed crop livestock farming and were prone to soil degradation associated with long 

aged traditional farming practices. The project claimed that deforestation and free grazing coupled with 

lack of improved natural resource conservation techniques accelerated land degradations.  

Aba Gerima Watershed: It is located in Bahir Dar Zuria District, situated at an altitude ranging from 

1700-2300 meters above sea level. The temperature of the district ranges from 10 to 380C along the year 

with annual rain fall of 800-1,250mm. The district comprises 121,528 Cattle, 2,346 Shoats, 37,839 

Equine and 62,012 Poultry (Bahir Dar Zuria Woreda Agricultural rural development office, 2014).  

Debre Yakob Watershed: It is located in Mecha District, about 524 km north-west of Addis Ababa and 

about 40 km south of Bahir Dar town. The area lies on an elevated plateau ranging from 1800-2500 

meters above sea level and has area coverage of 159,898 ha. The area receives an average annual rainfall 

that ranges from about 820 to 1250 mm. The minimum and maximum daily temperatures of the area are 

17 and 30oC, respectively (Mecha Woreda Agricultural rural development office, 2000). 
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Gosh Watershed: It is located in Dembecha District, about 350 km north from the capital city of Addis 

Ababa and 215 km south from the regional capital town of Bahir Dar. Total population of the district was 

estimated to be 151,020. Of this 49.5% were females and 50.5% were males (Denbecha Woreda 

Agricultural rural development office, 2012). 

Sampling technique: Study areas were predetermined by Water and Land Resource Center (WLRC) as 

natural resource conservation learning water-sheds. As described above, these purposively selected 

watersheds are areas where formal veterinary service is limited/not accessible.  

Semi-structured interview (SSI): SSI was made on selected community members to identify livestock 

production constraints associated with disease.  Before CAHWs were introduced, three focus group 

discussions per each watershed involving 10 participants were conducted. Accordingly, pair wise ranking 

was employed to score and rank major livestock diseases in those selected water-sheds.  

Community dialogue and CAHWs selection: The criteria by which CAHWs candidates are selected and 

the selection process itself are fundamental for the long-term sustainability of a CAHWs system (Ana 

Riviere-Cinnamond, 2005). It is reasonable to conclude that the community, that is, the people to whom 

the CAHWs provide services, may have a significant impact on CAHWs job performance (Robinson and 

Larsen, 1990). Accordingly, this study used standards and guidelines for trainings of community based 

animal health workers in Ethiopia and Kenya. Livestock holding, community acceptances, 

trustworthiness, willingness, resident in the community were the main criterion’s considered during 

selection. Accordingly, four CAHWs were selected from each water-shed with community dialogue 

(Table 1).  

 

CAHWs training and Certification:  

CAHWs were acquainted with basic theoretical and practical trainings for 21 days at Andassa Livestock 

Research Center. The course content and time allocation for the training was determined as per the 

Ethiopian’s and Kenyan’s CAHWs training guidelines. The training package was developed based on the 

context of local livestock production system through participatory assessment technique. Participatory 

training techniques, with a combination of focused group discussions, questions and answers, visual aids, 

case studies, brainstorming and practical lessons were used during the training. The practical sessions 

included use of livestock for clinical examinations and practicing the use of treatments under the 

supervision of the trainers. At the end of the training, a final assessment of each candidate was taken. 

Upon successful completion of the training, CAHWs were officially awarded a certificate of attendance 

and complete veterinary tool kits provided by the funding project, Water and Land Resource Center 

(WLRC). 

 

Supervision and backstopping: During CAHWs certification, monitoring and evaluation, service 

sustainability, revolving fund and service charge issues were raised and discussed with responsible 

stakeholders. Regional livestock Agency, District Bureau of Agriculture and rural development, Water 

and Land resource Center, district veterinary supervisors, Watershed technicians, community 

representatives and Andassa Livestock Research Center were the key stakeholders. Responsibility was 

shared among stakeholders and agreed to make joint monitoring and evaluation to regularly assess 

https://en.wikipedia.org/wiki/Addis_Ababa
https://en.wikipedia.org/wiki/Addis_Ababa


Ethiopian Society of Animal Production 2018 

 

130 

 

CAHWs performance and effectiveness (Fig 1). It has been agreed that the CAHWs were to be supervised 

and supported by the government staff veterinarian (Fig 1). 

 

Drug replenishment and revolving fund: CAHWs monthly payment was determined with stakeholders 

and community representatives. Payment to CAHWs was decided to be derived both directly from clients 

due to veterinary services and 10% from monthly revolving fund. CAHWs were responsible to transfer 

total money collected from selling of drugs to the respective district veterinary office revolving fund 

program on monthly basis. Accordingly, drug replenishment to CAHWs was carried out by the respective 

district veterinary office under the supervision of assigned veterinarian.  

 

 
                     Key:                          Interaction channels                          Supervision 

Fig 1: Linkage among potential stakeholders and proposed modality of CAHWs service delivery 

 

Data Collection  

Questionnaire survey  

Questionnaire survey was conducted on the effects of different aspects of CAHWs intervention and non-

intervention (30 for each) parameters. Information as to the constraints of production practices and major 

diseases of livestock species were collected through predesigned questionnaire from farmers involved in 
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CAHWs intervention strategy. Emphasis was given on causes of mortality and associated risk factors in 

respective study sites.  

CAHWs case book record 

Number of service beneficiaries, species of animal treated, number of patient animals handled, mortality 

and morbidity, type of veterinary service provided, amount of income collected from service charge and 

drug selling were collected from CAHW’s case book recorded by supervising veterinarian 

Data Management and Analysis 

Data management and analysis was made through Microsoft excel version 2016 and SPSS version 22. 

Data between two comparative study sites were computed. Descriptive statistics on benefited farmers, 

treated animals, community perception, and mortality prevalence across study sites were employed. 

Likert scale was used to measure the satisfaction, perception and attitude of farmers towards CAHWs 

service. 

Results  

Current status of CAHWs 

A total of 4 CAHWs were trained, of which 3 (75%) were found active in service with drop-out rate of 

25% (Table 1).  

 

     Table 1: CAHWs rate of attrition after completion of the training in selected Watersheds 

Location Number trained Number active in service         Attrition (%) 

Aba-Gerima 2 1 50 

Debre-Yakob 1 1 100 

Gosh 1 1 100 

Total 4 3 75 

 

CAHWs service beneficiaries 

About 2219 households were benefited from CAHWs service. Of which, 4.9% of beneficiaries were 

female (Table 2).  

Table 2:  Number of CAHWs service beneficiaries by Sex in the study areas (2013-2016) 

 Number of CAHWs service beneficiaries 

Water-shed Male Female Total 

Aba-Gerima 718 42 760 

Debre-Yakob 750 39 789 

Gosh 642 28 670 

Total 2110 109 2219 

Participation (%) 95.1 4.9 100 
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Number of animals treated and Type of service given by CAHWs 

CAHWs treated 8473 heads of farm animals on regular and emergency basis. Of which, cattle, shoat and 

equine shares 59.6%, 40.03% and 0.4%, respectively (Table 3). Relatively higher (36.6%) number of 

cases were reported from Gosh (36.6%) followed by Aba-Gerima (34.04%) water-shed. The types of 

service delivered by CAHWs were closed castration, removal of retained placenta, dehorning, hoof 

trimming, bloating treatment, internal and external parasite treatment.  

 

Table 3: Total number of animals treated and case fatality based on CAHWS case-book record (2013-

2016) 

 

Water-shed 

          Species of Animals  

Bovine Shoat Equine Total % share by water-shed 

Aba-Gerima 2132 748 5 2885 34.04 

Debre-Yakob 1812 659 12 2483 29.3 

Gosh 1106 1985 14 3105 36.6 

Total 5050 3392 32 8473 CF=0.4% 

  % share by Spp. 59.6 40.03 0.4   

         CF=Case fatality, calculated by total number of died (34) divided by total treated (8473)  

Farmer’s perception towards CAHWS service  

Most respondents had satisfied with most CAHWs services (Table 4). Farmer’s level of service 

satisfaction, perception and attitude about CAHWs has shown below (Table 4 and 5).  

Table 4: Level of satisfaction about CAHWs service (N=90) based on Likert scale analysis 

Service type                      Satisfaction Measurement  

HS S ID US HUS 

Internal parasites treatment 29.8 59.5 6 0 0 

External parasite Treatment 14.2 36.9 10.7 8.3 0 

Castration 17.8 33.3 10.7 7.1 0 

Wound Treatment 9.6 21.5 3.6 2.4 0 

Dehorning 9.2 21.5 2.4 2.4 0 

Hoof trimming 2.4 13.1 3.6 0 0 

Bloat Treatment 6 28.6 2.4 8.3 0 

Udder Treatment 1.2 3.6 4.8 21.4 0 

Removal of Retained Placenta  1.2 9.5 4.8 9.5 0 

N= number of respondents    HS=highly satisfied   S=satisfied   ID=in different    US=unsatisfied    

HUS=highly unsatisfied 
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Most of the respondents from the intervention areas explained that CAHWs service was acceptable and 

preferable because of easy access (51.2%) and relatively affordable service charge (44%) (Table 5). 

Table 5: Level of perception and attitude of farmers towards CAHWS service (N=90) based on Likert 

scale analysis in the study areas 

 

Statements 

             Level of satisfaction and perception 

A DA ID SA SD 

CAHWs reduced disease prevalence and mortality 39.3 2.4 13.1 45.2 0 

CHAWs based animal health service need to be scale 

out for other areas 

61.9 1.2 1.2 33.9 0 

CAHWs are more accessible and trusted service 

providers than formal health services 

51.2 1.2 1.2 42.9 0 

CAHWs service charge was relatively cheaper than 

formal health service providers 

44 10.7 11.9 32.1 1.2 

CAHWs provided animal health extension service 38.1 50 1.2 4.8 1.2 

N= number of respondents A=agree DA=disagree ID=indifferent    SA=strongly agree      SD=strongly 

disagree  

 

Mortality and Case Fatality 

Mortality prevalence was recorded from two study sites (CAHWs service accessible vs. non-accessible 

areas). Relatively lower annual mortality in cattle (1.6% vs.5.3%), shoat (0.9 vs.25.2%) and equine (4.6% 

vs.13.9%) was recorded in farmers who had access to CAHWS than control areas without CAHWs (Table 

5). Of 8473 animals treated by CAHWs, about 34 animals were died with case fatality of 0.4% (Table 3). 

 

Table 5: Magnitude of annual livestock mortality across across project and non-project areas                                                

Animal type            Service beneficiaries (N=90)            Non-beneficiaries (N=90) 

Total owned Died Mt (%) Total owned Died Mp (%) 

Cattle 447 7 1.6 511 27 5.3 

Shoat 216 2 0.9 352 89 25.2 

Equine 87 4 4.6 93 13 13.9 

Total  750 13 1.7 956 129 13.5 

N= number of respondents   Mp=Mortality prevalence, calculated by total number of died animals 

divided by total number of animals owned for each study sites 
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Income generated by CAHWs 

CAHWS has been generated a total of 72204 Eb from service charge and selling of drugs (Table 6). 

Payment to CAHWs was derived both directly from veterinary services and 10% deducted from total 

collected money to be added to the revolving fund (Table 6).  

Table 6: Income generated by CAHWs service and selling of drugs 

 

Water shade 

Total income 

generated* 

Amount of deducted 

(10%) 

Amount collected from 

service charge 

Payable to 

CAHWs 

 

Total 

Aba-Grima 13270 1470 2300 3770 20810 

Debre-Yakob 15870 1760 2660 4420 24710 

Gosh 21244 2360 360 2720 26684 

Total 50384 5590 5320 10910 72204 

 * Income generated from selling of drugs and service charge and added to the revolving fund    

 

Post-CAHWs intervention assessment 

Post-CAHWs intervention assessment by using questionnaire survey was conducted in CAHWs service 

benefited and non-benefited areas in order to solicit comparative data on livestock production constraints.  

Feed shortage (47.20%) and Livestock disease (46.47%) were the major livestock keeping constraints in 

CAHWs service accessible and non-accessible areas, respectively. 

Table 7:  Livestock keeping constraints across project and non-project areas 

Constraint of livestock 

production 

House hold response in rank 

CAHWs intervention (N=90) Non CAHWs intervention (N=90) 

Land Shortage 6.21 9.41 

Disease 41.61 46.47 

Feed shortage 47.20 26.47 

Lack of Capital 1.86 1.76 

Water shortage 2.48 1.76 

Predator 0.621 14.12 

         N= number of respondents                 
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Discussion 

This study attempted to evaluate the performance and effectiveness of CAHWs in primary animal health 

service delivery in the study areas. The present study reported a moderate rate of CAHWs service attrition 

evidenced by 25% dropout rate in selected learning water-sheds, which is better than previous studies by 

Athman Mravili et al., (2009), reported relatively high dropout rate (38%) of CAHWs in South Sudan. 

Among 2219 house hold beneficiaries, female headed households constitute 4.9%. Cattle, shoat and 

equine were the type of farm animals treated by CAHWs with 59.6%, 40.03% and 0.4% proportion, 

respectively. This could be associated with the type of livestock holding, as cattle are the dominant 

livestock type reared in all water-shed areas. Relatively higher number of cases were reported from Gosh 

(36.6%) followed by Aba-Gerima (34.04%) and Debre-Yakob (29.3%) water-sheds. This could be 

attributed to variations in agro-ecology; CAHWs service coverage and livestock population.  Post-

CAHWs intervention survey revealed that lower magnitude of annual mortality in cattle (1.6% vs.5.3%), 

shoat (0.9 vs.25.2%) and equine (4.6% vs.13.9%) was recorded in CAHWs project sites than non-project 

counter parts. Moreover, feed shortage (47.20%) and livestock diseases (46.47%) were the leading 

livestock keeping constraints of CAHWS service benefited and non-benefited areas, respectively. This 

could be attributed to CAHWs intervention. This finding was consistent with review reports of Oxfam 

UK/Ireland's CAHW project in north-east Kenya, who reported low annual mortality in camel, cattle and 

sheep and goats in project areas than and non-project areas (Odhiambo et al., 1998). In Kenya farmers 

without access to CAHWs reported 70% more cattle deaths than those farmers who had access to 

CAHWs (Holden 1997a). 

CAHWs treated a total of 8473 animals, of which 34 animals were died with case fatality rate of 0.4%. 

This finding also agrees with the report of EPIAT (2002) and (Gezu and Akumu, 2009), who reported 

lower case fatality rates in CAHWs treated herds. Most of the respondents from the intervention areas 

explained that CAHWs service was acceptable and preferable because of easy access (51.2%) and 

relatively affordable service charge (44%), led encouraging level of perception and positive attitude 

towards such service delivery. This finding also agrees with previous reports like Amare (2004), 

Mugunieri et al (2004), and NPIACT, (2002), who stated that CAHWS are accessible and trusted service 

providers than any other formal animal health service providers. CAHWs have been generated a 

considerable income from service charge and selling of drugs and thus, improved their livelihood and 

revolving fund. 

In this regard, although a substantial number of CAHWs were trained for the last decades, there has been 

also a considerable debate over the use of CAHWs in Ethiopia. One aspect of the debate has focused on 

the ability of CAHWs to diagnose diseases and use veterinary medicines correctly (Gezu and Akumu, 

2009). Although there is no standard method of measuring CAHWs clinical competence, various studies 

shown that when well trained and supervised, CAHWs can provide a sufficient level of clinical 

competence and have positive impact on livelihoods (Gezu and Akumu, 2009). In developing countries, 

chances of attaining quality veterinary services as guided by the OIE are enhanced by the adoption of 

well-planned and regulated CAHW systems (Tim Leyland and Andy Catley, 2002).  
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Conclusion  

This study showed that introduction and promotion of improved animal health packages through CAHWs 

was effective with moderate service attrition in selected learning water-sheds. CAHWs based intervention 

in learning water-sheds reduced livestock mortality and created better awareness and positive attitude 

about improved animal health management when compared to controlled areas without CAHWs. Low 

service cost and accessibility were the key factors affecting local farmers to prefer CAHWs service. 

Therefore, as per the respondents’ suggestion and overall CAHWs service evaluation; CAHWs based 

intervention shall be promoted to rural or marginal areas where there is no formal veterinary service. 

Supportive institutional frameworks are needed to appropriately integrate their activities within the 

existing national animal health delivery system. 
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Abstract 

The experiment was conducted using thirty-five yearling intact male Arsi-Bale sheep with initial body 

weight of 21.4±0.6 Kg (Mean± SD) with the objectives of investigating the varietal differences of vetch 

hay on feed intake, digestibility, body weight change and carcass characteristics of Arsi-Bale sheep and 

to evaluate the potential of fodder oat and vetch hay-based feeding for livestock. The sheep were blocked 

into seven blocks of five animals based on their initial body weight and animals within each block were 

randomly assigned to one of the five treatment diets. The treatment diets were; ad libitum fodder oat hay 

alone (T1) and ad libitum fodder oat hay supplemented with 350g DM hay of four vetch varieties, 

namely; Gebisa, Lalisa, Abdeta and Vicia sativa for T2, T3, T4 and T5, respectively. After the 21 days of 

quarantine period and 15 days of acclimatization to the experimental diets and pens, feeding and 

digestibility trials were conducted for 90 and 7 days, respectively with evaluation of carcass parameters 

at the end. The crude protein (CP) contents of fodder oat, Gebisa, Lalisa, Abdeta and V.sativa hay were 

8.9, 21.1, 19.5, 18.0 and 18.4%, respectively. Total dry matter (DM) intake was significantly higher 

(P<0.05) for T2 as compared to T1, T3 and T4. The CP intake, DM digestibility, average daily body 

weight gain (ADG) and hot carcass weight (HCW) were significantly highest (P<0.001) for T2. The 

proportion of muscle (61.5-63.9%) and fat (16.1-19.8%) were not significantly different (P>0.05) among 

treatments, while proportion of bone (18.5-21.0%) was significantly higher (P<0.01) for T1 as compared 

to T2, T3 and T4. In conclusion, supplementation of Gebisa vetch variety (T2) induced highest growth 

performance and carcass characteristics of sheep than all other treatments and is therefore, 

recommended.  

 

Key words: Arsi-Bale sheep; Body weight; Carcass; Feed intake; Fodder oat; Vetch hay 

 

Introduction  

Livestock production plays important role in Ethiopia’s economy in general and smallholder farmers in 

particular. Sheep are among the major economically important components of the livestock subsector. 
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Despite their numeric and economic importance as well as the tremendous potential, the livestock sub 

sector has remained underutilized due to a multitude of constraints (Azage et al., 2010). Among livestock 

production constraints, shortage of feed resources in quantity and quality and poor feeding systems were 

repeatedly reported as a major constraint hampering livestock production and productivity in different 

parts of Ethiopia (Dawit et al., 2012; Zewde and Elias, 2015; Endale et al., 2016). One of the alternatives 

to improve livestock feeding, and thereby their productivity could be the cultivation of improved forage 

crops and offer to animals during critical periods in their production cycle and when other sources of 

feeds are in short supply (Alemayehu, 2002). Forage species such as vetch and fodder oat are high 

potential feed sources to fill the gap of feed shortage.  

Two oat varieties namely; Bonsa and Bona-bas (Dawit and Teklu, 2011) and three vetch varieties namely; 

Gebisa, Lalisa and Abdeta (Dawit et al., 2011) were released from Sinana Agricultural Research Center 

for their superiority in terms of yield and quality based on chemical analysis only without evaluating the 

feeding value to obtain intake and performance of animals. However, chemical analysis alone will be of 

limited value in predicting the nutritive value of feed resources, which may contain antimicrobial 

compounds that inhibit intake and digestibility or material toxic to the animal itself (El Hassan et al., 

2000). Therefore, the objectives of this study were: 

1. To investigate the effect of varietal differences of vetch hay on feed intake, digestibility, body 

weight change and carcass characteristics of Arsi-Bale Sheep  

2. To evaluate the potentials of fodder oat and vetch hay-based feeding for livestock  

 

Material and methods 

Description of the Experimental Area 

The experiment was conducted in 2016/2017 at Sinana Agricultural Research Center (SARC), which is 

located in Bale Zone of Oromia National Regional State, South Eastern Ethiopia. The research center is 

situated 463 km southeast of Addis Ababa at 070 07' N latitude and 400 10ˈ E longitude and at an altitude 

of 2400 m above sea level. The area is characterized by bimodal rainfall pattern with total annual 

precipitation ranging from 750 to 1000 mm and the mean annual maximum and minimum temperature are 

210C and 90C, respectively (SARC, 2014). 

Experimental Feeds Preparation  

The experimental feeds, all varieties of vetch and fodder oat were sown according to their respective 

agronomic practices during the main rainy season (August-December) of the area on a plot size of 

1200m2 for each vetch varieties and 7500m2 for oat. The vetch varieties were harvested at 50% flowering, 

while fodder oat was harvested at heading stage during which they give optimum performance in terms of 

dry matter yield and nutritive value (SARC, 2015). The harvested fresh forages were field-cured and 

stored as hay under a roofed shelter to protect from rain and intense sun light. During the feeding period, 
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the oat and vetch hays were chopped to about 3-5 cm in length to make uniform for sampling and easier 

to be seized by the animals. 

Experimental Animals and their Management 

Thirty-five yearling intact male Arsi-Bale sheep with similar body weight were purchased from nearby 

markets at Alemgena, Hisu and Selka. The age of the sheep was estimated based on dentition and asking 

information from the owners of the sheep. The sheep were held in quarantine for 21 days and observed 

for any health problem. During this time, the sheep were vaccinated against ovine pasteruolosis, anthrax 

and sheep pox and dewormed against internal and external parasites. The animals were placed in an 

individual pen equipped with a bucket and a feeding trough in a well-ventilated concrete floor 

experimental barn.  

 

Experimental Design and Treatments 

A randomized complete block design consisting of five treatments and seven blocks was used for the 

study. The treatment diets (Table 1) were randomly assigned to each sheep in the blocks. The basal diet 

(fodder oat hay) was offered ad libitum to all experimental animals based on previous few days’ intake at 

about 15% refusal while the supplementary feeds were offered in two equal meals at 8:00 AM and 4:00 

PM in separate feeding troughs. Drinking water and common salt block were freely available to all 

experimental sheep throughout the experimental period. 

Table 1.Dietary treatments 

  

Treatments 

 

Fodder oat hay 

Vetch hay supplements ( DM g/day) 

Gebisa Lalisa Abdeta Vicia sativa  

T1 Ad libitum 0 0 0 0 

T2 Ad libitum 350 0 0 0 

T3 Ad libitum 0 350 0 0 

T4 Ad libitum 0 0 350 0 

T5 Ad libitum 0 0 0 350 

 

Feeding Trial 

After an acclimatization period of 15 days to the experimental diets and pens, the feeding trial was 

conducted for 90 days. The daily feed offered and refusals were weighed and recorded for each sheep. 

Daily dry matter and nutrient intake were calculated as the difference between the feed offered and 

refused. Samples of feed offered were collected per batch while samples of refusal were taken from each 

sheep daily and pooled per animal individually over the experimental period and stored in plastic bags. 

Sub-samples of feed offered and refusal were taken after thorough mixing for nutrient composition 

determination, and the sub-samples taken were dried at 60oC for 72 hours in a forced draft oven to make it 

ready for grinding and chemical analysis. 
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Body Weight Change and Feed Conversion Efficiency  

Body weight of the animals was taken at the beginning of the feeding trial and at 10 days interval during 

the 90 days of feeding trial. All animals were weighed in the morning hours before feed provision using 

weighing balance with a sensitivity of 100 grams. Average daily body weight gain was calculated as the 

difference between final live weight and initial live weight divided by the number of feeding days. Feed 

conversion efficiency was determined by dividing the daily average body weight gain (ADG) by daily 

total DM intake of the animal. 

 

Average daily body weight gain = Final body weight − Initial body weight 

                                                            Number of feeding days 

Feed conversion efficiency = Average daily body weight gain in gram 

                                                    Daily dry matter intake in gram 

Digestibility Trial  

Digestibility trial was conducted at the end of the feeding trial and all sheep were harnessed with a fecal 

collection bag to collect feces for the determination of digestibility. The sheep were accustomed to the 

fecal collection bags for three days. This was followed by collection of feces for seven consecutive days. 

During this period, feed offered and refused were recorded and samples of feed offered were pooled per 

treatment, while samples of feed refused were pooled per animal individually. Fresh feces were collected 

into a fecal collection bag fitted to the animal. The total fecal output was collected by emptying the bag 

twice per day at 6:00 AM and 6:00 PM per animal and were weighed and recorded for each sheep 

throughout the digestibility trial. The feces were weighed fresh, thoroughly mixed and 20% of the feces 

were sampled for each sheep and stored in a deep freezer at -18°C. The samples were pooled per animal 

across the collection period and 20% of the composite sample was taken, weighed and partially dried at 

60°C for 72 hours. The partially dried fecal samples were milled by Wiley mill to pass through a 1mm 

sieve and stored in airtight polyethylene bags pending chemical analysis. Apparent digestibility of DM 

and other nutrients were determined as a percentage of the nutrient intake not recovered in the feces using 

the following formula (McDonald et al., 2010). 

Percent apparent digestibility =   (Nutrient intake – Nutrient in feces) X 100  

                                                                   Nutrient intake 

Carcass Parameters  

At the end of the experiment, the sheep were fasted overnight, weighed and slaughtered for carcass 

evaluation. The weights of each edible offal components were recorded. After removal of edible and non-

edible offal components, the hot carcass of each sheep was weighed and recorded. The main carcass 

components were split down at the vertebral column having the two sides as symmetrically as possible 

and stored in a deep freeze at -40C for 24 hours for properly partitioning the carcass in to bone, muscle 

and fat. The right part of the frozen carcass was divided in to five main primal cuts carcass components 

namely: leg, loin, rack, breast and shank and shoulder and neck. The carcass was cut perpendicular to the 
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backbone between the 12th and 13th ribs to measure the cross-sectional area of the rib eye (longissimus 

dorsi) muscle area. The five main primal cut carcass components were partitioned to bone, muscle and fat 

and each part was weighed and recorded. The dressing percentage was calculated as the proportion of hot 

carcass weight to slaughter and empty body weight.  

 

Laboratory Analysis  

Samples of feed offered, refusals and feces were ground to pass a 1 mm sieve mesh. Analysis for DM, ash 

and N contents was done according to AOAC (2005) procedures. Total nitrogen (N) content was 

determined by using Kjeldahl method and crude protein (CP) was calculated as N×6.25. Neutral detergent 

fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined by using the 

procedures of Van Soest and Robertson (1985). The energy value of the treatment feeds was estimated 

according to McDonald et al. (2010) as metabolisable energy (ME, MJ/Kg DM) = 0.016 x DOMD; where 

DOMD (g) indicates digestible organic matter per kilogram of dry matter. 

Statistical Analysis 

The statistical model used for data analysis was: 

 Yij = μ + Ti + Bj + Eij,  

where: Yij = Response variable; μ = Overall mean; Ti = Treatment effect; Bj = Block effect; Eij = Random 

error 

Data collected were subjected to analysis of variance (ANOVA) using the GLM procedure of SAS (SAS, 

2004) version 9.1. When significant, Duncan’s Multiple Range Test (DMRT) was employed to locate 

differences between the treatment means. 

 

Results and Discussion 

Chemical Composition of Experimental Feeds and Refused Feed 

The 8.9% CP content of fodder oat hay used in this study (Table 2) was slightly lower than the 11.5% CP 

content of the same variety reported by Dawit and Teklu (2011) and 10.6% reported by SARC (2015). 

Although the CP content of fodder oat hay used in this study was lower than previous reports, it was 

higher than the 7% CP required for microbial protein synthesis in the rumen that can support at least the 

maintenance requirement of ruminants (Van Soest, 1994). The CP content of Abdeta and Lalisa vetch 

varieties was also lower than the 24.8% and 24.1% CP content of the same varieties, respectively reported 

by Dawit et al. (2011). The lower CP content of experimental feeds registered in this study might be due 

to losses of the leaf fractions containing high CP while curing the experimental forages in the field.  
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Table 2. Chemical composition of experimental feeds and refused feed 

Feed offered DM% Ash OM CP NDF ADF ADL HC Cell 

%DM  

Fodder oat hay 87.2 10.6 89.4 8.9 53.7 30.0 2.7 23.7 27.3 

Vetch hay supplements          

Gebisa 87.5 15.0 85.0 21.1 36.5 27.1 5.0 9.4 22.1 

Lalisa 87.1 15.7 84.3 19.5 48.3 36.9 7.7 11.3 29.2 

Abdeta 86.6 11.9 88.1 18.0 39.6 28.8 4.6 10.8 24.1 

V. sativa 87.7 17.9 82.1 18.4 42.1 32.0 6.4 10.1 25.7 

Fodder oat hay refusal          

T1 84.7 9.9 90.1 7.3 59.0 33.4 2.9 25.6 30.5 

T2 84.3 9.9 90.1 7.5 56.5 32.9 2.5 23.6 30.4 

T3 84.2 10.1 89.9 7.5 57.4 33.4 2.9 24.0 30.5 

T4 83.4 10.4 89.6 7.4 58.6 32.7 2.8 25.9 29.9 

T5 84.9 9.9 90.1 7.5 56.5 32.6 3.3 23.9 29.3 

ADF=Acid Detergent Fiber; ADL=Acid Detergent Lignin; Cell=Cellulose; CP=Crude Protein; DM=Dry 

Matter; HC=Hemicelluloses; NDF=Neutral Detergent Fiber; OM=Organic Matter;. 

The CP content of fodder oat hay refusal in this study was lower by 15.7% for T2, T3 and T5 and by 18 

and 16.9% for T1 and T4, respectively, as compared to the CP content of the offered fodder oat hay. 

Fodder oat hay refusals in all treatments had comparatively higher contents of NDF, ADF and cellulose 

than the basal fodder oat hay offered (Table 2) indicating the selective nature of sheep in feeding more 

nutritious and palatable portion (leafy part) of the hay than the lignified parts. 

 

Dry Matter and Nutrient Intake  

All sheep readily consumed the dietary supplement without any refusal across the experiment. The sheep 

in T1 consumed highest (p<0.001) amount of fodder oat hay. This could be due to an effort to satisfy their 

nutrient requirements. Among the supplemented group, the sheep in T2 consumed significantly higher 

(P<0.001) fodder oat hay than sheep in T3 and T4.  In addition, sheep in T2 had higher (P<0.05) total DM 

intake than sheep in T1, T3 and T4. This was attributed to higher oat hay intake by those sheep in T2, as 

the level of supplementation on DM basis was the same for all supplemented treatments. Regarding the 

effect of supplementation on total DM intake, supplementation of vetch varieties increased the total DM 

intake by 16.1, 6.4, 7.4 and 12.2% for T2, T3, T4 and T5, respectively as compared to T1. This might be 

due to supplementation of vetches increased the nitrogen content of the total diet, which in turn is likely 

to increase feed intake and the rate of degradation of the basal diet in the rumen (Topps, 1997).  

The result of total DM intake in this study (Table 3) was by far higher than the DM intake previously 

reported for Arsi-Bale sheep by different authors (Dawit and Solomon, 2009; Ermias et al., 2013; Teklu, 

2016). This could be attributed to better palatability of the basal and supplementary feeds used in this 

study.  
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Table 3. Average daily dry matter and nutrient intake of Arsi-Bale sheep fed a basal diet of fodder oat hay 

and supplemented with different varieties of vetch hay.  

 

Intake 
Treatments  

SEM 

 

SL T1 T2 T3 T4 T5 

Oat hay DM (g/day) 951.0a 783.1b 665.9c 677.1c 732.8bc 22.19 *** 

Supplement DM (g/day) - 350 350 350 350 - - 

Total DM (g/day) 951.0c 1133.1a 1015.9bc 1027.1bc 1082.8ab 17.04 * 

DM (%BW) 3.2 3.2 3.2 3.2 3.3 0.03 ns 

DM (g/Kg W0.75) 75.0 78.6 76.1 76.0 78.4 0.85 ns 

OM (g/day) 843.5b 992.1a 887.0b 912.3ab 937.3ab 14.59 * 

CP (g/day) 99.9c 154.5a 136.8b 133.4b 139.9b 3.38 *** 

NDF (g/day) 460.3c 526.4ab 502.0abc 469.0bc 520.3ab 8.07 * 

ADF (g/day) 253.0b 307.1a 306.3a 285.6a 312.8a 5.21 *** 

ADL (g/day) 23.8e 40.2b 43.6a 33.7c 29.4d 1.27 *** 

HC (g/day) 207.3ab 219.3a 195.4ab 183.4b 207.6ab 3.71 * 

Cell (g/day) 229.9b 266.9a 262.7a 251.6ab 275.4a 4.25 ** 

ME (MJ/day) 8.0c 10.5a 8.5bc 8.9b 9.0b 0.19 *** 
a, b, c, d, e means with different superscripts in a row are significantly different; ***= (P<0.001); **= 

(P<0.01); *= (P<0.05). 

Supplementation of vetch varieties has increased CP intake by 54.7, 36.9, 33.5 and 40% for T2, T3, T4 

and T5, respectively, as compared to T1. The highest CP intake (154.5 g/day) in sheep supplemented with 

Gebisa vetch variety (T2) could be attributed to highest DM intake in T2 and the highest CP content of 

Gebisa compared to other vetch varieties (Table 2; Table 3).  

The variation among treatments in CP intake in this study was reflected in DM and nutrient digestibility, 

body weight gain, feed conversion efficiency and carcass characteristics (Table 4; Table 5; Table 6). 

When the overall CP intake in this study was observed, it was by far higher than the CP intake previously 

reported for Arsi-Bale sheep by different authors (Dawit and Solomon, 2009; Ermias et al., 2013; Biruk, 

2017). This might be attributed to high DM intake of experimental animals in this study and better CP 

concentration of the basal diet used for this experiment as it was improved forage with better CP content, 

lower fiber content and better digestibility than natural grass hay or straw as it was the case in most of the 

earlier studies. 

Supplementation of the vetch varieties increased ME intake by 31.3, 6.3, 11.3 and 12.5% for T2, T3, T4 

and T5, respectively. The highest ME intake (10.5 MJ/day) was recorded for those sheep supplemented 

with Gebisa vetch variety (T2). Similar trend of total DM intake was observed across all treatments as the 

total DM intake was steadily increasing with a decreasing rate throughout the experiment (Figure 1). 
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Figure 1. 

Trends in total dry matter intake of Arsi-Bale sheep fed a basal diet of fodder oat hay and supplemented 

with different varieties of vetch hay 

Apparent Dry Matter and Nutrient Digestibility  

Supplementation of the vetch varieties increased DM digestibility by 11.6 and 1.9% for T2 and T3, 

respectively and by 3.6% for T4 and T5 compared to the control. Among the supplemented groups, 

supplementation of Gebisa vetch variety (T2) induced the highest (65.2%) DM digestibility. This might 

be associated with the low NDF and ADF concentration of Gebisa vetch variety (T2) and high CP intake 

of T2 compared to other treatments (Table 2; Table 3).  

Improvements in DM and nutrient digestibility due to supplemental protein and/or energy has been well 

documented by various authors (Dawit and Solomon, 2009; Hunegnaw and Berhan, 2016; Teklu, 2016). 

This is obviously a result of increased nutrient supply to rumen microbes for their proliferation to be 

present abundantly to colonize and digest the DM and other nutrients consumed (McDonald et al., 2010).  

Table 4. Apparent dry matter and nutrient digestibility of Arsi-Bale sheep fed a basal diet of fodder oat 

hay supplemented with different varieties of vetch hay 

Apparent  

Digestibility (%) 
Treatments  

SEM 

 

SL T1 T2 T3 T4 T5 

DM 58.4c 65.2a 59.5bc 60.5b 60.5b 0.48 *** 

OM 58.9c 65.9a 59.8bc 61.2b 60.1bc 0.51 *** 

CP 67.3c 77.6a 71.5b 71.3b 72.8b 0.66 *** 

NDF 41.4b 49.7a 42.6b 43.0b 44.0b 0.70 *** 

ADF 36.4c 45.8a 42.0b 42.7b 42.0b 0.69 *** 

HC 47.7d 60.7a 52.6c 55.4bc 57.4ab 0.96 *** 

Cell 48.8c 58.5a 51.5bc 54.6ab 56.8a 0.83 *** 
a, b, c means with different superscripts in a row are significantly different; ***= (P<0.001); **= (P<0.01); 

*= (P<0.05). 

750

800

850

900

950

1000

1050

1100

1150

1200

10 20 30 40 50 60 70 80 90

T
o

ta
l 

D
M

 I
n

ta
k

e 
(g

/d
a

y
)

Experimental periods (days)

T 1

T 2

T 3

T 4

T 5



Ethiopian Society of Animal Production 2018 

 

147 

 

Body Weight Change and Feed Conversion Efficiency  

Supplementation of the vetch varieties increased the ADG of sheep by 68.9, 25.9, 33.6 and 44.3% for T2, 

T3, T4 and T5, respectively, as compared to the control. Among supplemented groups, the highest ADG 

(152.5 g/day) was recorded for those sheep supplemented with Gebisa vetch variety (T2). 

Supplementation of the vetch varieties also improved FCE by 42.1, 16.8, 24.2 and 27.4% for T2, T3, T4 

and T5, respectively (Table 5). Among supplemented groups FCE was highest (P<0.001) for those sheep 

supplemented with Gebisa vetch variety. This could be attributed to relatively higher DM and nutrient 

intake and digestibility of sheep supplemented with Gebisa vetch variety. 

The body weight parameters and feed conversion efficiency obtained in the current study by T2 were 

outstanding when compared with the experiments previously conducted on Ethiopian sheep breeds using 

different supplement feeds from forage and concentrate sources. This might be attributed to the 

outstanding CP intake (Table 3) and important nutrients such as vitamins and minerals found in green 

feeds like fodder oat and vetch, though this study did not address such parameters. Therefore, this study 

showed that fodder oat and vetch hay-based feeding is a very high potential feeding strategy that should 

be given due attention by producers and policy makers as well as livestock professionals in order to 

particularly enhance productivity of sheep under small holder production system, where these feeds can 

be relatively easily produced.  

Table 5. Body weight change and feed conversion efficiency of Arsi-Bale sheep fed a basal diet of fodder 

oat hay and supplemented with different varieties of vetch hay 

Parameters 
Treatments  

SEM 

 

SL T1 T2 T3 T4 T5 

IBW (kg) 21.4 21.3 21.4 21.4 21.4 0.10 ns 

FBW (kg) 29.5d 35.1a 31.6c 32.2bc 33.1b 0.38 *** 

BWC (kg) 8.1d 13.7a 10.2c 10.9bc 11.7b 0.37 *** 

ADG (g/day) 90.3d 152.5a 113.7c 120.6bc 130.3b 4.11 *** 

FCE (g ADG/g TDMI) 0.095c 0.135a 0.111b 0.118b 0.121b 0.003 *** 

PCE (g ADG/g TCPI) 0.902ab 0.987a 0.826b 0.905ab 0.933a 0.015 ** 
a, b, c, d means with different superscripts in a row are significantly different; ***= (P<0.001); **= 

(p<0.01).  

 

The trends in body weight change showed steady increase across the growth period in all experimental 

treatments though the rate of increment was declining as experimental day advances (Figure 2). 
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Figure 2. Trends in body weight change of Arsi-Bale sheep fed a basal diet of fodder oat hay and 

supplemented with different varieties of vetch hay 

 

Carcass Characteristics 

Main Carcass Parameters  

Slaughter body weight (SBW), hot carcass weight (HCW), chilled carcass weight (CCW), empty body 

weight (EBW) and rib eye muscle area (REMA) were highest (P<0.001) for T2 (Table 6). This might be 

attributed to the highest DM and nutrient intake and digestibility, which resulted in highest body weight 

parameters and feed conversion efficiency of sheep in that treatment (Table 3: Table 4; Table 5).  

The slaughter body weight (SBW), HCW, CCW, EBW and REMA obtained by supplementation of the 

vetch varieties in the current study (Table 6) were by far higher than the values previously reported for 

Arsi-Bale sheep under different feeding regimes (Ermias et al., 2013; Alem, 2014; Teklu, 2016). 

Therefore, the result of the current study strongly showed that fodder oat and vetch hay-based feeding for 

livestock is high potential feeding strategy which should be widely scaled up to farmers and livestock 

investors. 
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Table 6. Main carcass parameters of Arsi-Bale sheep fed a basal diet of fodder oat hay and supplemented 

with different varieties of vetch hay 

Parameters Treatments  

SEM 

 

SL T1 T2 T3 T4 T5 

SBW (kg) 28.9c 34.7a 31.1b 31.8b 32.9b 0.42 *** 

HCW (kg) 12.4c 15.9a 13.6b 14.1b 14.4b 0.23 *** 

CCW (kg) 12.2d 15.7a 13.4c 14.0bc 14.3b 0.23 *** 

EBW (kg) 23.6d 29.1a 25.3c 26.1bc 27.2b 0.38 *** 

Dressing percentage        

SBW basis 43.0 45.9 43.7 44.5 43.9 0.41 ns 

EBW basis 52.6 54.7 53.7 54.2 53.1 0.32 ns 

BFT (cm) 0.3 0.4 0.4 0.4 0.4 0.02 ns 

REMA (cm2) 11.5c 14.9a 12.2bc 12.8b 13.3b 0.27 *** 
a,b,c,d means with different superscripts in a row are significantly different; *= (p<0.5); *** = (P<0.001). 

Edible Offal Components  

Most of the edible offal components in this study were not significantly affected (P>0.05) by treatments 

except blood, tongue, kidney and total edible offal components (Table 7). The result of the current study 

revealed that weight of the majority of offal components (organs) did not vary among sheep of the same 

breed, age and sex though their body weight and other main carcass parameters differ as a result of 

varying feeding regimes. Riley et al. (1989) indicated that differences in internal organs are more 

influenced by age, breed and sex of the animals rather than plane of nutrition, which support the current 

result. 

Table 7. Edible offal components of Arsi-Bale sheep fed a basal diet of fodder oat hay and supplemented 

with different varieties of vetch hay 

Parameters Treatments  

SEM 

 

SL T1 T2 T3 T4 T5 

Blood (g) 1102.1b 1357.1a 1317.3a 1199.7ab 1303.7a 26.87 * 

Liver (g) 353.9 472.4 415.7 413.3 428.0 13.75 ns 

Kidney (g) 84.4c 99.9a 89.6bc 90.4bc 94.3ab 1.50 ** 

Heart (g) 110.6 132.4 117.0 115.1 121.1 2.40 ns 

Tongue (g) 106.9b 164.7a 100.1b 115.3b 138.0ab 6.70 * 

Ret-rum (g) 662.4 766.4 682.1 731.4 764.9 16.66 ns 

Om-ab (g) 285.0 259.3 269.4 273.3 281.7 15.98 ns 

SI (g) 846.4 975.0 816.9 920.1 898.4 20.76 ns 

LI (g) 180.1 156.3 150.4 162.7 175.9 12.81 ns 

Testicle 330.7 418.9 362.9 391.3 371.1 9.55 ns 

Kidney fat (g) 98.3 168.3 138.0 156.0 140.6 9.48 ns 

Heart fat  (g) 43.0 63.4 66.1 73.7 50.6 3.77 ns 

Omental fat (g) 135.6 286.14 159.7 233.7 208.0 25.68 ns 

Scrotal fat (g) 74.6 109.1 79.3 97.4 95.9 4.80 ns 

Pelvic fat (g) 42.4 66.7 53.7 62.3 57.0 3.41 ns 

TEOC (kg) 4.5c 5.5a 4.8bc 5.0abc 5.1ab 0.10 * 
a,b,c, means with different superscripts in a row are significantly different; *=(P<0.05); **=(P<0.01). 
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Primal Cuts  

The highest leg, rack and breast and shank muscle from dissected half carcass was obtained from those 

sheep supplemented with Gebisa vetch variety (T2). This might be associated with the highest feed intake 

and digestibility of those sheep, which resulted in highest growth performance and carcass parameters. 

Bone from leg significantly differed (P<0.001) among treatments in the order of T2=T5>T1=T3=T4. Fat 

from breast and shank was significantly differed (P<0.001) among treatments in the order of 

T2=T4=T5>T3=T1. The treatment supplemented with Gebisa (T2) had highest leg total from the 

dissected half carcass (2368.6 g). The loin total of T2 was significantly higher (P<0.01) than loin total of 

T1 but similar (P>0.05) with loin total of T3, T4 and T5. The proportion of muscle, bone and fat in 

individual primal cuts were not significantly different (p>0.05) among treatments except proportion of 

bone from leg and proportion of fat from breast and shank (see Table 8). Additionally, this study revealed 

the presence of highest proportion of muscle in loin compared to other primal cuts whereas breast and 

shank was shown to the lowest proportion of muscle. Moreover, the lowest proportion of bone was 

recorded from loin. This conforms with the general knowledge that the carcass from loin is more ideal 

than the carcass from other primal cuts. 
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Table 8. Primal cuts of dissected half carcass of Arsi-Bale sheep fed a basal diet of fodder oat hay and 

supplemented with different varieties of vetch hay 

Primal cuts  Treatments  

SEM 

 

SL  T1 T2 T3 T4 T5 

Leg 

Muscle 
g 1219.6c 1577.7a 1277.7c 1321.0bc 1426.6b 30.48 *** 

% 65.8 66.6 64.8 65.1 66.7 0.39 ns 

Bone 
g 358.0b 412.3a 349.9b 352.4b 406.4a 7.48 ** 

% 19.4a 17.4b 17.8b 17.4b 19.1a 0.26 ** 

Fat 
g 274.0c 378.6a 343.7ab 354.6ab 302.1bc 11.44 * 

% 14.8 16.0 17.4 17.5 14.3 0.48 ns 

Leg total (g) 1851.6d 2368.6a 1971.3cd 2028.0bc 2135.1b 40.54 *** 

Loin 

Muscle 
g 368.1b 543.6a 447.7ab 513.3a 481.3a 17.08 ** 

% 69.7 91.1 80.7 88.6 76.2 3.56 ns 

Bone 
g 88.6 116.6 95.6 96.0 109.7 3.84 ns 

% 16.9 14.2 14.4 11.9 14.2 0.65 ns 

Fat 
g 105.4 162.2 130.3 189.1 182.3 9.93 ns 

% 19.3 19.4 19.2 23.2 23.5 0.88 ns 

Loin total (g)  562.1b 822.1a 673.3ab 798.4a 773.3a 25.75 ** 

 

 

 

Rack 

Muscle 
g 539.4 607.0 565.3 595.9 684.6 24.28 ns 

% 63.8 60.5 61.6 59.8 60.3 0.74 ns 

Bone 
g 197.3 242.6 211.0 221.3 256.4 8.75 ns 

% 23.1 23.9 23.1 22.3 23.1 0.34 ns 

Fat 
g 114.3 166.1 136.3 177.0 187.6 9.89 ns 

% 13.2 15.6 15.3 17.9 16.6 0.66 ns 

Rack total (g)  851.0 1015.7 912.6 994.1 1128.6 39.01 ns 

 

 

Breast and shank 

Muscle 
g 341.6b 449.9a 322.7b 325.4b 379.7b 13.65 ** 

% 54.3 50.0 51.6 47.1 48.5 0.86 ns 

Bone 
g 146.9c 185.3a 146.4c 153.3bc 176.3ab 4.78 ** 

% 23.7 20.8 23.4 22.4 22.6 0.49 ns 

Fat 
g 137.9b 260.4a 160.9b 211.6a 222.7a 10.28 *** 

% 22.0b 29.1a 25.0ab 30.5a 28.9a 0.88 * 

Breast and shank total (g)  626.3c 895.6a 630.0c 690.3bc 778.7b 24.57 *** 

 

 

Shoulder and 

neck 

Muscle 
g 1057.4b 1402.6a 1169.0b 1185.6b 1116.3b 37.79 * 

% 61.3 67.7 62.5 62.5 61.9 0.95 ns 

Bone 
g 391.1 369.0 388.6 370.7 370.6 9.92 ns 

% 22.7 17.9 20.6 19.6 21.3 0.45 ns 

Fat 
g 275.3 296.0 315.7 341.6 282.9 14.25 ns 

% 16.1 14.3 17.0 18.0 16.7 0.81 ns 

Shoulder and neck total (g) 1723.9 2067.6 1873.3 1897.9 1769.7 44.38 ns 
a,b,c,d means with different superscripts in a row are significantly different; *=(P<0.05); **=(P<0.01); 

***=(P<0.001). 

Supplementation of the vetch varieties increased the amount of muscle by 31.4, 8.6, 11.4 and 17.1% for 

T2, T3, T4 and T5, respectively, compared to un-supplemented treatment. Among supplemented 

treatments, the highest amount of muscle from dissected half carcass (4.6 kg) was obtained from those 

sheep supplemented with Gebisa vetch variety (T2). The overall proportion of muscle and fat did not 

significantly differ (P>0.05) among treatments. However, the overall proportion of bone was significantly 
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higher (P<0.01) in T1 than in T2, T3 and T4. In general, muscle comprised the highest proportion (61.5-

63.9%) followed by bone (18.5-21.0%) and fat (16.1-19.8%).  

According to Ameha (2008), the ideal carcass can be described as the one that has a minimum amount of 

bone, a maximum amount of muscle and an optimum amount of fat. Therefore, the highest proportion of 

muscle in T2 and bone in T1 suggested that supplementation enhanced carcass quality and among 

supplemented treatments supplementation of Gebisa (T2) induced production of more ideal carcass than 

other treatments. The weight of muscle (3.5-4.6 kg) and fat (0.9-1.3 kg) from the dissected half carcass in 

this study was much higher than the report of Teklu (2016) who reported 2.6-2-7 kg and 0.3-0.4 kg of 

muscle and fat, respectively, from the dissected half carcass of the same breed of sheep fed Faba bean 

straw with concentrate mixture at a ratio of 70:30. 

Table 9. Mean weight of muscle, bone and fat and their proportions of dissected half carcass of Arsi-Bale 

sheep fed a basal diet of fodder oat hay and supplemented with different varieties of vetch hay 

Parameter Treatments  

SEM 

 

SL T1 T2 T3 T4 T5 

Muscle 
kg 3.5c 4.6a 3.8bc 3.9b 4.1b 0.08 *** 

% 62.8 63.9 62.4 61.5 62.0 0.48 ns 

Bone 
kg 1.2b 1.3a 1.2b 1.2b 1.3a 0.02 * 

% 21.0a 18.5c 19.7bc 18.7c 20.1ab 0.25 ** 

Fat 
kg 0.9b 1.3a 1.1ab 1.3a 1.2a 0.04 * 

% 16.1 17.6 17.9 19.8 18.0 0.49 ns 
a,b,c, means with different superscripts in a row are significantly different; *=(P<0.05); **=(P<0.01); 

***=(P<0.001). 

The proportion of muscle in the current study (61.5-63.9%) was slightly higher than the value of 58.8-

62.2 % reported by Teklu (2016) and within the range of 51.09-76.77% lean meat of Arsi-Bale goats with 

different age group and feeding regime (Mesfin, 2007) and slightly lower than 63-67.4% lean meat for 

Borana and Arsi-Bale goats under different durations of feedlot management (Hailu et al., 2005). The 

proportion of bone in this study (18.5-21.0 %) was lower than earlier findings 25.7-30.9% reported by 

Hailu et al. (2005), 25.11-35.89% reported by Mesfin (2007) and 27.9-30.9% reported by Teklu (2016). 

The result of this study showed that the carcass produced from Arsi-Bale sheep fed fodder oat and vetch 

hay-based diet is of maximum muscle, optimum fat and minimum bone. Therefore, it can be concluded 

that fodder oat and vetch hay-based feeding is explicitly high potential feeding strategy not only in terms 

of producing high carcass yield, but also in terms of producing the ideal carcass as well (Table 9).  

 

Conclusion and Recommendations  

There was a significant difference between vetch varieties in terms of feed intake, digestibility, body 

weight gain, feed conversion efficiency and carcass characteristics of sheep. Supplementation of Gebisa 

vetch variety (T2) induced highest growth performance and carcass characteristics than all other 

treatments. Based on these findings Gebisa can be recommended as best performing variety for use as 
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supplementary feed in ruminants fed roughage-based diets. The dietary treatments used in this study 

induced outstanding biological performance in terms of feed intake, digestibility, body weight gain, feed 

conversion efficiency and carcass characteristics of sheep, suggesting that fodder oat and vetch hay-based 

feeding is explicitly high potential feeding strategy and effort should be made to introduce and scale up 

the production of these forages in the farming system. 
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Abstract 

Six accessions of forage type cowpea were evaluated for agro-morphological differences at five locations 

laid out in randomized complete block design with four replications in the lowlands of Southern Ethiopia, 

2017. Data on days to 50% flowering, plant height, branch number and dry matter yield were collected 

and analyzed. Longer days to 50% flowering, taller plant height and higher number of branches over the 

growing period were recorded at Salayish2. The difference between late and early flowering and 

maturing accessions for forage harvest was 90 days for local cowpea at Chano and 55.75 days for ILRI-

9334A at Angela 4. Number of branches at Chano for local cow pea was five whereas 20 for ILRI-

11114A at Salayish3. Taller cowpea accession gave better dry matter yield at forage harvest. ILRI-

12713A (16.1 t/ha) showed higher dry matter yield at Chano and lower dry matter yield was recorded for 

local (2.3 t/ha) cowpea at Angela4. ILRI-12713A would be a promising accession in the low lands of 

Southern Ethiopia for its medium days to 50% flower and optimum forage harvest, intermediate plant 

height with slightly erect for soil coverage, moderate number of branches and higher dry matter yield 

across experimental locations.  

 

Key words: experimental location, forage harvest, morphological traits, promising accession, Vigna 

unguiculata 

Introduction 

Cowpea (Vigna unguiculata L.Walp.), an annual legume, is also commonly referred to as crowder pea 

and originated in Africa and is widely grown in Africa, Latin America, Southeast Asia and in the southern 

United States. In Ethiopia over 66.5% of the arable land falls within dry land environments where there is 

inadequate and poorly distributed rainfall. To support dry land agriculture there is a need for selection of 

drought tolerant and short-season cowpea (Vigna unguiculata) varieties that fit the growing season of 

such areas.  

It is chiefly used as a grain crop, for animal fodder, or as a vegetable. Cowpea seed is a nutritious (protein 

24.8%, fat 1.9%, fiber 6.3%, carbohydrate 63.6%) component in the human diet, as well as a nutritious 

livestock feed. In many areas of the world, cowpea is the only available high-quality legume hay for 

livestock feed. Digestibility and yield of certain cultivars have been shown to be comparable to alfalfa. 
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Cowpea may be used green or as dry fodder. Cowpea performs well on a wide variety of soils and soil 

conditions, but performs best on well-drained sandy loams or sandy soils where soil pH 5.5 to 6.5 (Davis 

et al., 1991). 

Cow pea is a dual-purpose crop having weeds suppressing ability, positive impact on soil properties, 

drought tolerance and being a warm weather crop and is an attractive and promising forage species in a 

typical tropical lowland climate. It is usually better adapted to drought, high temperatures and other biotic 

stresses than other crop plant species (Hall et. al., 2002) and predominantly grown in drier regions 

(Dadson et. al., 2005). 

Cowpea can be used as forage by slight grazing after flowering and several buds remaining after 

defoliation make regeneration of the plant for forage use, hay and silage. When used as silage, it can be 

mixed with sorghum, maize, or molasses to provide sugar for fermentation (FAO, 2012). In some African 

countries, several varieties of Cowpea have been grown together for both food and feed (Cook et al., 

2005). Cowpea forage, both the vines and leaves, either fresh, or conserved as hay or silage, is often used 

for fodder. There have been attempts at using cowpea leaf meal in pig feeding. The haulms, which are the 

crop residues of seed production, contain about 45-65% stems and 35-50% leaves and sometimes roots 

(Anele et al., 2012). Cowpea is more nutritious (CP% 20.33) than lablab and can supplement deficient 

roughage feeds and dual-purpose species are appropriate for the area where the rainfall situation is erratic 

and irregular and agro-pastoral farming system is practiced. When the rain extends from the normal time, 

most species inclined to more of herbage yield (Ayana et al., 2015). 

Cowpea is the most extensively grown, distributed and traded food and feed crop consumed, more than 

50% (Agbogidi, 2010a) because it is of considerable nutritional and health value to man and livestock 

(Agbogidi, 2010b). Grain yield and dry matter yield significantly varying among different varieties of 

Vigna unguiculata (Agbogidi and Egho, 2012). According to Bilatu and Ferede (2012) biomass yields in 

dry matter bases averaged to 4.3t/h which can sustain more than 550 lactating Borana goats at their 

highest milk yield. The highest dry matter yield (10.56t/ha) recorded for some accessions of Cow pea in 

Ethiopia (Negasu et al., 2017). Recently released variety of forage type cowpea in Ethiopia, Temesgen 

(12668), is having 11.4 t/ha dry matter yield, 7.8 branches per plant 17.62% CP and low lignin content 

was reported by ministry of agriculture (MOA, 2014).  

There are fewer trends of producing forage cow pea and using as supplementary feed to improve livestock 

productivity in the study area in particular and Ethiopia in general. This study concerning the dry matter 

yield of different forage type cow pea accessions, collected from International Livestock Research 

Institute (ILRI) forage gene bank, at five locations in the lowlands of southern Ethiopia to contribute 

information on cow pea accessions productivity in dry matter basis for forage protein supplementation 

need of livestock. 

Study location 

This experiment was conducted on-station at five locations such as Arbaminch Zuria district (Chano 

Mille) and Melokoza district (Salayish 01 and Salayish 03) of Gamo Gofa zone and Basketo special 

district (Angela 03 and Angela 04), Southern Ethiopia, from March-November, 2017 during main 
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cropping season. Major agro-climatic and infrastructural information about the study locations are given 

below in table 1. 

 

Table 1: Altitude, Annual Average Temperature and Rainfall data of experimental 

Locations 

No. Detail 
Melokoza 

District 

Arba 

Minch 

Zuria 

District 

Basketo Special 

District 

1 Altitude (masl) 

Minimum 505 
 

780 

Maximum 2500 
 

2200 

Average 1502.5 1278 1490 

2 
Temperature 

(0C) 

Minimum 15.1 
 

15 

Maximum 27.5 
 

27 

Average 21.3 21.8 21 

3 Rainfall (mm) 

Minimum 750 
 

1000 

Maximum 1500 
 

1400 

Average 1125 818 1200 

4 
Distance From 

(km) 

Addis Ababa 661 590 626 

Hawassa 405 252 367 

Arba Minch 348 10 310 

Source: Agriculture office of Respective Districts 

 

Soil physical and chemical properties 

 

The soil of all experimental fields (Chano, Salayish2, Salayish3, Angela4) at 0-30 cm depth is has been 

tested in regional laboratory. Laboratory analysis for particle size (texture), pH, available phosphorus, 

total nitrogen, organic carbon and cation exchange capacity for composite soil (0-30 cm) samples 

collected from experimental sites before planting is shown in Table 2.  

 

The textural class of the experimental area soil, ideal for cow pea crop production, was clay, clay loam 

and sandy loam (Table 2).  Soil of experimental site has the pH range (in 1kg of Soil: 2.5 liter of Water) 

value of 5.2-6.2. FAO (2000) reported that the preferable pH ranges for most crops and productive soils 

are 4 to 8. Thus, the pH of the experimental soil is within the range for productive soils. The experimental 



Ethiopian Society of Animal Production 2018 

 

159 

 

soils available phosphorus content was 10.4 mg/kg at Salayish3 extending to 14.53 mg/kg at Salayish2 

(Table 2). Tekalign et al. (1991) described soils with available P<10, 11-31, 32-56, >56 mg/kg as low, 

medium, high and very high, respectively. Thus, the soils of the experimental sites were considered as 

medium in available P content which is satisfactory for optimum growth and yield of cow pea production. 

The average total N of the experimental fields was 0.28-0.38 (Table 2). With regard to the classification 

of N fertility of soils, Landon (1991) classified soil having total N of greater than 1.0% as very high, 0.5-

1.0% high, 0.2-0.5% medium, 0.1-0.2% low and less than 0.1% as very low. Moreover, Tekalegn et al. 

(1991) classified soils according to N availability as very low, poor, moderate and high when the total N 

contents are less than 0.05%, 0.05-0.12%, 0.12-0.25% and > 0.25%, respectively. Thus, the soil of the 

study area falls under medium N fertility class of Landon (1991) and the high class of Tekalign et al. 

(1991). Organic carbon content of the study area was 1.19-4.45% (Table 2) which is in medium to high 

range according to Herrera (2005) classification (<0.6% very low, 0.6-1.16% low, 1.16-1.74% moderate 

and >1.74% high). 

 

Table 2: Soil chemical and physical properties of the experimental locations 2017 

Location pH OC OM %N P(ppm) %sand %clay %silt textural class 

saliyish003 5.35 4.45 7.67 0.38 10.4 22.5 52.5 25 Clay 

saliyish01 5.2 3.4 5.87 0.29 14.53 27.5 46.5 26.5 clay loam 

Angela4 5.3 3.3 5.6 0.28 14.5 27 46 27 Clay loam 

Chano 6.2 1.19 1.63 0.29 14.47 64 15 21 Sandy loam 

Source: Soil Laboratory Result 

 

Treatments and experimental design 

In the current experiment five cow pea accessions (ILRI-9333A, ILRI-9334A, ILRI-11114A, ILRI-

12713A and ILRI-12688A) and local forage cow pea in five locations (Chano, Slayish 01, Slayish 02, 

Angela 03 and Angela 04) were laid out in a randomized complete block design with four replications. 

Planting was done on March 15, 2017 on a plot of five rows with row length of three meter. The distance 

between plots was one meter and that between rows 80 cm, plants within row 50 cm and replications 150 

cm. Weeds were controlled with frequent hand weeding throughout the experiment. 100 kg per hectare 

NPS fertilizer was applied at planting for all plots. Days to flowering, plant height, branch number and 

dry matter yield (DMY t/ha) were recorded from two central rows.  

Data collection and analysis 

In all experimental sites data was collected from all plots of cow pea accessions. Five plants from central 

rows selected randomly for data collection of plant height and branch number. Flowering data was 

collected by daily observation after the first flower seen in a single plot. For dry matter yield 

determination, 300 g of plant sample was collected from field by using quadrat (0.25 m2) cutting by 20cm 

above ground from four corner and center of the plot to make one composite sample and 20 g sub sample 
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weighed in each container and placed in an oven at 60°C for 72 hours till constant weight was attained. 

Dry matter percentage (DM %) was calculated by dividing the oven dry weight (ODW) by 20 g fresh 

weight and multiplying by 100.  

 

Dry matter yield (DMY t/ha) was calculated by harvested green forage yield (GFY t/ha) multiplied  

by dry matter percent (DM %). 

 

DMY (t/ha)  = GFY (t/ha) x DM% 

                                                        

Dry Matter yield (DMY), Days to 50% flowering, Plant height and branch number data was analyzed 

using Genstat software (VSN International, 2013). 

 

𝐷𝑀% = ODW (g) x100 

20 (g) 

 

Results and Discussion 

The effect of accessions with the location interaction was significant for Days to flowering (DAF), plant 

height (PH), branch number (BN) and dry matter yield (DMY t/ha). 

 

Days to flowering (DTF) 

Effect of accessions and locations interaction on days to 50% flowering (DTF) during 2017 main 

cropping season is significant at p<0.001 and presented in table 3. Out of six different grown cow pea 

accessions, average days to 50% flowering was 74.97, local cowpea has shown the shortest days (63.8 

days) to 50% flowering at all locations and the shortest DTF was recorded at Angela4 whereas cow pea 

accession 3334A has the average longest days (82 days) to 50% flowering and accession ILRI-11114A 

shown the longest days to flower at Chano station. That may be related to the genetic variability of the 

accession, soil fertility and environment effect. The shortest day requiring for flowering and maturing in 

crops, especially in lowlands, is agronomical and preferable trait because it can be planted in moisture 

stress areas where there is minimum amount of rain fall and short rainy season and could be used in 

double cropping. This result is in line with Gezahegn (2013) for vetch accessions, Fekede (2004) for 

chick pea/grass pea double cropping and Getinet et al., (2003). It was reported by Negasu et al (2017) that 

different accessions of cow pea are having different days to 50% flowering. Also, there was recorded 

significant variation on days to flowering for different common bean varieties (Tessema and Alemayehu, 

2015). 

 

Table 3: Mean Separation of Days to 50% Flowering as affected by Cow pea accessions 

and Experimental Locations, 2017 
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Cow pea Accessions  
Location 

Salayish3 Angela4 Salayish2 Angela3 Chano 

ILRI-9333A 72.75ghi 55.75l 82.5abcde 82.5abcde 71hij 

ILRI-9334A 82bcde 88ab 83abcd 83abcd 74fghi 

ILRI-11114A 75.25defgh 73.25fghi 82bcde 82bcde 90a 

ILRI-12688A 64.5jk 71.25hij 79.75cdefg 79.5cdefg 74fghi 

ILRI-12713A 69.5hij 73.5fghi 85.25abc 81bcdef 75efgh 

Local 58.5kl 57.75kl 69hij 66.75ij 67ij 

LSD 0.05 7.99  CV% 7.6 

 

Plant height 

The interaction effect of cow pea accessions over location significantly (p<0.001) affected the 

performance of plant height. Mean plant height of six cow pea accessions combined over locations is also 

presented in Table 4. Generally, cow pea accession ILRI-9333A was taller followed by ILRI-12713A 

over the growing period in all locations. This could be attributed to differences in biomass production 

rate, crop phenology and intrinsic biomass yield performances. These differences are advantageous for 

selecting compatible crops and the type of appropriate integration method for maximum production. 

Accessions of Vigna unguiculata performed differently in plant height in growth period across locations. 

The tallest plant height recorded for local cow pea (254.8 cm), ILRI-9333A (243.8 cm) and ILRI-12713A 

(221.0 cm) at Salayish2 whereas the shortest plant height recorded at Chano station for accession ILRI-

11114A (45.5 cm). Generally, the difference in growth across the experimental locations could be due to 

the difference in temperature, rainfall and soil fertility conditions. As reported by Rao and Mohammed 

(2011) vine length ranged between 86.5 and 251.1 cm among accessions of cow pea with an average of 

170.7 cm. Plant height positively correlated to dry matter yield so that crops accession with taller plant 

height are having higher dry matter accumulation (Gezahegn et al., 2013). 

Table 4: Mean comparison of Plant Height (cm) as affected by Accessions of cow pea and 

Location, 2017 

Cow pea Accessions  
Locations 

Salayish3 Angela4 Salayish2 Angela3 Chano 

ILRI-9333A 117.0def 140d 243.8ab 75.1hijk 49klm 

ILRI-9334A 85.8ghij 100.3fgh 201.4c 80hij 58.8jklm 

ILRI-11114A 117.5def 115def 196.8c 81.9hij 45.5m 

ILRI-12688A 128.5de 110efg 218.3bc 76.3hij 47.8lm 

ILRI-12713A 112.5efg 117.5def 221bc 78.5hij 82.3hij 

Local 91fghi 115def 254.8a 72.4ijklm 74.5hijkl 

LSD0.05 27.3 CV% 16.6 
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Branch umber 

Branching performance is an important consideration during selection of crops for better forage yield and 

ground cover to reduce soil erosion and moisture retention. Like other agronomic traits, branching 

performance was also influenced by environmental and genetic factors. In this experiment, the number of 

branches per plant at forage harvest for species showed significant (P<0.001) difference at all locations 

(Table 5). Number of branches at forage harvest ranged from 5 to 20 at Chano for local cow pea and at 

Salayish3 for ILRI-11114A accession, respectively. This component may contribute to high biomass 

yield and important in hay making for milking cows and high branch can make good soil cover. It is 

required to select accessions with high branch number to fulfill green forage supplement. Similarly, 

Negasu et al., (2013) reported that at four and eight weeks of harvest there are accessions that have 

highest percent of soil plant coverage at Haro Agricultural Research Center, Oromia. 

 

Table 5: Mean Comparison of Branch Number as affected by cow pea accession and locations, 

2017 

Cow pea 

Accessions 

Locations 

Salayish3 Angela4 Salayish2 Angela3 Chano 

ILRI-9333A 10defghi 14bc 10defghi 13bcd 7ij 

ILRI-9334A 13bcd 13bcd 17ab 12cdefg 8ghij 

ILRI-11114A 20a 9efghi 14bc 14bc 7ij 

ILRI-12688A 14bc 9efghi 14bc 13bcd 7ij 

ILRI-12713A 11cdefgh 12cdefg 14bc 13bcd 8hij 

Local 7ij 8ghij 12cdefg 12cdefg 5j 

LSD0.05 =3.7 CV%= 24.3 

 

Dry matter yield 

Mean aerial dry matter accumulation of all cow pea accessions combined over locations is presented in 

Figure 1. The result revealed that there was a different aerial dry matter accumulation for all accessions of 

cow pea over location in the growing period. This may be related to gene by environment interaction for 

an increase in branching and plant height that resulted in higher dry matter in different locations for 

moisture level difference on different accessions. The higher dry matter accumulation was recorded for 

cow pea accession ILRI-12713A at Chano substation (16.1 t/ha) whereas the lowest dry matter 

accumulation was recorded for local cow pea accession at Angela4 (2.3 t/ha). It is also reported that aerial 

dry matter accumulation varies for twenty oats Varieties (Fekede, 2004) and twenty vetch accessions 

(Gezahegn et al., 2013) across locations. Anele et al., (2011a) also reported significant (P<0.05) 

differences in herbage dry matter yield between commercial and improved cowpea varietal groups. In the 

present experiment, the mean values for herbage dry matter recorded for 12713A (16.1 t/ha) is higher than 

values reported for recently released variety of forage type cow pea (11.4 t/ha)(MOA, 2014), five cow pea 
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accessions (6.7 t/ha) (Negasu et al., 2017) and three commercial (6.46 t/ha) and three improved (8.76 t/ha) 

groups of cowpea elsewhere (Anele et al., 2011b). Mullen (1999) also reported that cowpea dry matter 

yields ranging from 5 t/ha under dry land conditions to over 40 t/ha under favorable conditions in New 

South Wales, Australia. It is highly prudent to make a direct comparison of the yields obtained in the 

present study. 

 

Figure 1: 

Interaction Effect of Cow pea accessions and Location on Dry Matter Yield (t/ha), 2017 

 

Conclusion and Recommendation 

Five forage type cow pea accessions (ILRI-9333A, ILRI-9334A, ILRI-11114A, ILRI-12713A and ILRI-

12688A) and local check of Vigna unguicultata in this study showed variations in most measured agro-

morphological traits at all testing sites (Angela3, Angela4, Chano, Slayish2 and Slayish3) due to 

differences in genetic and environmental aspects. Longer days to 50% flowering, taller plant height and 

higher number of branches per plant were observed at Salayish2 than other testing locations during the 

stage of crop growth in experimental season whereas shorter days to 50% flowering observed at Angela4. 

Relatively higher aerial dry matter accumulation was recorded at Chano substation than other 

experimental locations over the growing period of the experiment. Dry matter yield record was higher for 

accession ILRI-12713A (16.1 t/ha) at Chano substation and lower for local (2.3 t/ha) cow pea at Angela4. 

Generally, cow pea accessions have different growth features and phenology. The featured differences are 

important to select the compatible type of crops and methods of integration to improve yields for feed and 

food crops. Cow Pea (Vigna unguiculata) accession ILRI-12713A is a promising accession better in all 
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parameters (especially dry matter) at all locations than the recently released accession and also the local 

one for its medium days to 50% flowering for forage harvest, intermediate plant height with slightly erect 

stand having high soil coverage, moderate number of branches and high and stable dry matter yield 

production over all experimental locations in lowlands of Southern Ethiopia.  
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Abstract 

Land degradation, which includes the degradation of vegetation cover and soil, and nutrient depletion, is 

a major ecological problem of Ethiopia in general and the study area in particular. Restoration of such 

degraded lands enhance carbon sequestration of the vegetation. Therefore, this research was conducted 

in the two land use systems, protected natural vegetation (PNV) and communal grazing land (CGL) of 

Gra-Kahssu natural vegetation, in Alamata district. In this research, soil organic carbon, herb biomass 

carbon, litter biomass carbon, above and below ground carbon stocks of the natural vegetation of the 

adjacent land use systems were described. Collection of vegetation biomass data was made using 

systematic sampling methods, laying 19 transects and 62 quadrats each with 20 m x 20 m for trees and 

5m x 5m for shrubs. In each quadrat, diameters (>2.5cm) of each plant species were measured. In 

addition, 1 m x 1m sub-quadrats were laid within the main quadrat to sample herb, litter biomass and soil 

sample. Soil was collected from three soil depth (0-10, 10-20 and 20-30 cm) and soil organic carbon 

were analysed at Mekele soil laboratory research center.  For both land use systems, carbon stocks of 

woody species were estimated using allometric equations. The mean above ground and below ground 

carbon stock of the PNV (21.05 ton/ha, 10.39 ton/ha) was higher than CGL (15.31ton/ha, 7.65ton/ha), 

respectively. The average values of soil organic carbon for PNV were 16.60 and 13.76 ton/ha for CGL. 

The total carbon stock estimated in the study area was 50.74ton/ha and 37.11ton/ha for PNV and CGL, 

respectively. The major output of this research showed that, above and below ground carbon stock in the 

protected natural vegetation are improving due to a rehabilitation program with limited access of the 

surpluses resource to the local community. This is indicative of the role of established such protected 

natural vegetation as the best practice of carbon restoration programs through exclusion of livestock free 

grazing and human interference and hence played a major roll on climate change mitigation with the 

means of sequestering carbon. 

Keywords: Carbon stock, communal grazing land, land degradation, protected natural vegetation, 

rehabilitation 
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Introduction 

Human beings have become a component in the earth’s system, driving and accelerating global warming 

through the rapid release of greenhouse gases (GHGs) into the atmosphere. Human beings change the 

composition of the atmosphere through increasing the concentration of greenhouse gases (GHGs) in the 

atmosphere by fossil fuel burning which represents about two‐third of the global emissions and by 

deforestation and land use changes representing about one‐third (Yitebitu et al., 2010).  Global warming 

is undoubtedly one of the major environmental issues of the world. This phenomenon is affecting global 

climate by increasing earth’s temperature (Intergovernmental Panel on Climate Change (IPCC, 2007). 

The most common of which is carbon dioxide (CO2). If the carbon dioxide emission continues at the 

current rate, its concentration in the atmosphere will be doubled by the end of 21st century. 

Carbon sequestration is the process of removing carbon dioxide from the atmosphere and storing it in 

carbon pools of varying lifetimes (Abberton et al., 2010). These pools include oceans, terrestrial 

ecosystems and the atmosphere. Terrestrial ecosystems play an important role as a carbon sink due to 

photosynthesis and storage of carbon dioxide in live and dead organic matter (Lal, 2008). Trees and other 

vegetation sequester carbon through the process of photosynthesis, which involves the conversion of 

atmospheric CO2 into complex carbon molecules used for plant growth, releasing oxygen and water in the 

process. Soils are also able to sequester carbon (IPCC, 2006). 

Afforestation (tree planting) and rangeland restoration through grazing exclusion are the two of the most 

widely suggested options to sequester carbon in dry lands (Gebrehiwet et al., 2014). Forestations can 

increase carbon influx through a higher and more efficient use of resources for primary production. 

Grazing exclusion is likely to increase carbon uptake where overgrazing has reduced plant cover and/or 

impaired soil fertility. In addition to carbon uptake shifts, afforestation and grazing exclusion can favors 

carbon sequestration through the reduction of carbon losses if higher ground cover reduces SOC 

decomposition and soil erosion (Jackson et al., 2002).  

 Unlike the regions, Tigray does not have carbon inventories and databank to monitor and enhance carbon 

sequestration of different natural vegetation. Due to reason that no study has been conducted before, this 

study estimated the carbon stored in above ground biomass, below ground biomass, litter biomass, herb 

biomass and Soil organic carbon. Even though this study covers only very small area looking from the 

Tigray natural vegetation coverage and only small sample areas of the study site, it puts baseline 

information. This information can be used for the management of Gra-Kahssu natural vegetation, and for 

further study, too. Therefore, the main aim of the research was to estimate carbon stock's in both 

protected natural vegetation and communal grazing land of Grat-Kahssu natural vegetation for climate 

change mitigation implication. Specific objectives of this study were: 

1. To estimate aboveground (herbaceous, live tree, dead woody and litters) and below ground (root 

and soil) carbon stock in the two-land use system.   
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Material and Methods 

 Description of Study Area 

Location and Topography  

Alamata is located 600 km north and 180 km south of Addis Ababa and Tigray regional state capital 

(Mekelle), respectively. It is geographically located between 12°19'21”N and 12°24'28.5” North and 

39°14'52”E and 39°45'47.8” East longitude, in Southern Tigray (Figure 1). Alamata Wereda is borders 

with Amhara region from the south and west and Afar region from the East. The altitude of the Wereda 

ranges from 1,178 to 2,300 meters above sea level (m.a.s.l). 75% of the Wereda can be described as 

lowland (1,500 m.a.s.l or less), and the remaining 25% is in the mid-highlands (range between 1,500—

2,300 m.a.s.l). The altitudinal range of the study area known as Gra-Kahssu natural vegetation site covers 

from 1620 - 2298 m.a.s.l.  The annual mean precipitation ranges from 615-900 mm, with maximum and 

minimum temperatures of 23 °C and 14 °C, respectively (Girmay et al., 2014). 

  

Figure 3. Location map of the study area 

Sampling and Data Collection Methods 

A systematic transect sampling technique was used in this study. A parallel line transects were laid at 

500m interval that lie with parallel to the slope of the stand. The first quadrat was laid randomly and the 

others systematically at 500m intervals along the transect line, which were laid parallel to the slope. 
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Comprehensive data on trees and shrubs were collected from the quadrat with 20m x 20m and 5m x 5m, 

respectively (Figure 2). 

 
Figure 2.  Five sub-plots of soil samples, litter and herb biomass (1m2) and shrubs (25m2) inside the 

major plot (Area of major plot is 400m2). 

Biomass Measurement 

Trees/shrubs biomass measurement 

All trees/shrubs (live and dead) within the quadrat were recorded and their diameter at breast height 

(1.30m above the ground) for trees and diameter at stump height (30cm above the ground) for shrubs was 

measured using calliper. Whereas, in cases where there are multi-stemmed small trees and shrubs (>1 

stem on a sample shrub or small tree) prone to multi-stem below 1.3 m diameter the measurement of the 

diameter was calculated by the diameter equivalent (de) as follows: 

de = √∑ 𝐝𝐢𝟐𝐧
𝐢=𝟏     (Snowdon, 2002)…………… (eq. 1) Where: de= diameter equivalent, di = diameter 

of the ith stem at 30 cm height.  

Herb and litter biomass measurement 

Herb and the litter biomass sample was taken from both land use systems. Litter can be defined as all non-

living biomass with a size greater than the limit for soil organic matter (suggested 2 mm) and lying dead 

in various states of decomposition above organic soil (IPCC, 2006). A quadrat with a size of 1 m × 1 m 

was established to sample litters and herb. All the herbaceous vegetation emerging within the quadrat 

areas (1m x 1m) were cut at the ground level, weighed, and a composite sample was obtained from each 

sub-quadrat for oven-dry mass determination in the laboratory (Dossa et al., 2008; Jina et al., 2008). 

Similarly, surface litter was sampled from the quadrats and composite litter was collected. The herb and 

litter samples were weighed using a digital scale (0.1-gram accuracy) and recorded. The samples were 

mixed well and 10-20% sub-sample was taken for dry to fresh biomass ratio. The samples collected were 

subjected to air and oven drying. Oven drying was set at 70 0C and observed for 24 hours or until the 

samples reached their stable weight (Labata et al., 2012). 
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Sampling of soil  

Soil samples were collected from the three depth, which is 0-10 cm, 10-20 cm, and 20-30 cm. A 100 g of 

soil, one each from three depths was collected from five pits in the major plot (one at the center and four 

at the corners of each plot) and mixed properly in their respective layers and composite sample was 

collected from. Soil samples were placed in a plastic paper bags and labeled separately. After all, the 

samples were taken to Mekelle soil laboratory research center.  Before laboratory analysis, samples were 

air-dried and passed through 2mm size sieve at Mekelle soil laboratory research center to remove the soil 

moisture to determine the percentage of organic carbon. Then, the amount of soil organic carbon was 

determined. 

Bulk density was determined by the core method (Blake, 1965). In 20x20m2, an undisturbed soil was 

taken through core sampling to determine bulk density (MacDicken, 1997). A known volume of soil core 

sampling with a radius of 2.5cm was used for determination of bulk density for the three soil depth levels. 

The core sampling volume was 98.125cm3. Since the core sampling height was 5cm.  The total number of 

soil samples for bulk density was 57 (10 transect x 3 soil depth from PNV and 9 transect x 3 soil depth 

from CGL) for both lands uses systems. Then the soil sample was initially air-dried and oven dried at 

105°C for 24 hours at Mekelle soil laboratory research center. Finally, bulk density was calculated as the 

ratio of the mass of oven dried soil sample to its core volume. 

Data Analysis 

Estimation Aboveground trees and shrubs dry biomass and carbon stock 

Diameter measures of trees and shrubs were individually converted to measures of aboveground biomass 

(AGB), and then summed by quadrat. The results were then scaled from ton/quadrat to ton/ha. The AGB 

was estimated using the allometric model of Kuyah et al, (2012). The model was adopted because it is 

established in Africa (Malawi) with similar climatic and topographic conditions in the study area. The 

equation is as follows: 

AGB = 0. 1428 X DBH2.2471 … … … … … . … … … … … … … … … … … . . … … … … … . . … … (eq. 2) 

AGB diameter measures at DSH of multi-stem trees and shrubs (>1 stem shrub or small tree) was 

estimated from DSH using a regression model WBISPP, (2000). This model is developed in Ethiopia for 

woody species in arid areas with rainfall <900 mm/yr. 

AGB = (0. 4861 x DSH) + (0.1659 x (DSH2.2)) … … … … . . … … … … … … … . . … … … (eq. 3) 

To convert the above ground dry biomass to carbon, 50% of all trees and shrub biomass were assumed the 

carbon stock. So based on the aboveground trees and shrub biomass carbon stock calculated as follows: 

AG TSCS = AG TSDBM x 0.5 (Brown, 2002) … … … . . … … (eq. 4) Where; AG TSCS= Above Ground 

trees and shrubs carbon stock, AG TSDBM= Above Ground trees and shrubs dry biomass 
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Belowground trees and shrubs dry biomass and carbon stock  

Below ground dry biomass of trees and shrubs were measured by taking 20% of above ground dry 

biomass of trees and shrubs and accordingly 50% was adopted for its carbon estimation. Below ground 

trees and shrubs, dry biomass was computed using the formula (MacDicken, 1997): 

BG TSDBM = AG TSDBM x 0.20 … … … . . … … … … … … …. (eq.5) Where; BG TSDBM= Below Ground 

trees and shrubs dry biomass, AG TSDBM= Above Ground trees and shrubs dry biomass 

Similarly, the carbon stock for below ground component of trees and shrubs had measured as follows: 

BG TSCS = BG TSDBM x 0.5 (Brown, 2002). . … … … . . … … …(eq. 6) Where; BG TSCS= Below Ground 

trees and shrubs carbon stock, BG TSDBM= Below Ground trees and shrubs dry biomass 

Estimation of carbon stocks in the herb and litter layer biomass  

Oven-dry weights of herb and litter sub-samples were determined to compute for the total dry weights 

using the formula (Hairiah et al., 2001): 

 Total dry weight (kg m−2) =
𝐓𝐨𝐭𝐚𝐥 𝐟𝐫𝐞𝐬𝐡 𝐰𝐞𝐢𝐠𝐡𝐭 (𝐤𝐠) 𝐗 𝐬𝐮𝐛𝐬𝐚𝐦𝐩𝐥𝐞 𝐝𝐫𝐲 𝐰𝐞𝐢𝐠𝐡𝐭 (𝐠)

𝐒𝐮𝐛𝐬𝐚𝐦𝐩𝐥𝐞 𝐟𝐫𝐞𝐬𝐡 𝐰𝐞𝐢𝐠𝐡𝐭 (𝐠) 𝐗 𝐬𝐚𝐦𝐩𝐥𝐞 𝐚𝐫𝐞𝐚 (𝐦𝟐)
. … … … …(eq. 7) 

A small sample (100 in grams) of the herb and litter layer was analysed for carbon content determination 

at the laboratory. Carbon storage in herb and litter layer was computed using the formula (Lasco et al., 

2006): 

C stored (ton/ha) = Total dry weight x C content. … … … … … … … … … … … … .. (eq. 8) 

The carbon stock (C content) for the dry biomass of herbs and litters is 47% of the total dry biomass 

(IPCC, 2007). 

Estimation of dry biomass and carbon stock in the dead wood 

For standing dead wood, which has branches was estimated in a similar manner using the allometric 

equation of above ground biomass. The primary method for assessing carbon stock in the dead wood pool 

is to sample and assess the wet-to-dry weight ratio (MacDicken, 1997). As the standing dead wood does 

not have leaves, needs to subtract 5-6 percent of conifer species, while 2-3 percent of broadleaved species 

(Pearson et al., 2005). In the study, most of the existing dead wood species were conifers, and hence 5.5 

percent reduction was suggested from the total above ground biomass of each standing dead tree. Dead 

Wood biomass were computed using the formula 

 

BSDW = 0.139DBH2.32 -5.5%.… … … … … … … … … … … … … … … … … … … … … … … …(eq. 9) 

Where, BSDW = Biomass of Standing Dead Wood in ton/ha 

DBH = Diameter at Breast Height of Standing Dead Wood (cm) 

The total carbon stock in dead wood was computed by multiplying the total biomass of the dead wood by 

0.5 (Persson et al., 2005). 
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Estimation of soil organic carbon stock  

 

Bulk density (ρb): Soil bulk density was determined after oven drying the soil samples that are taken with 

a core sampler as follows formula as recommended by Pearson et al. (2005).  

V = h x πr2 … … … … … ….(eq. 10) Where: - V = volume of the soil in the core sampler in cm3, h = the 

height of core sampler in cm, π =3. 14 cm, r = the radius of core sampler in cm 

Moreover, the bulk density (ρb) of a soil sample was calculated as follows:  

ρb=     
Wav,dry

v
… … . … … … … … … … … … … … … … … … … … … … … … … … … … … …(eq.11) 

Where, ρb is the bulk density of the soil sample per quadrant (g cm-3), Wav, dry is average air-dry weight 

of soil sample per the quadrant, V is the volume of the soil sample in the core sampler in cm3 (Pearson et 

al., 2005).  

Soil organic carbon (SOC): Collected composite soil samples were examined for soil organic carbon 

estimation for the two land uses using the Walkely-Black methods (Gupta, 2000). The soils were sieved 

through a 2mm mesh and mixed to a uniform consistency, and then a subsample of soil was taken for 

carbon analysis. Therefore, SOC per quadrat and then per hectare in tones calculated as follows: 

SOC =  (ρb (
g

cm3
) x D (cm) x %C) … … … … … . . … . .. (eq. 12) where: - SOC = Soil organic carbon 

(ton/ha), % OC = Organic carbon concentration of the quadrat (%) expressed in decimal, ρb = Bulk 

density of the quadrat (g cm-3), D = Depth of the soil sample (cm) 

The total woody carbon stock per quadrat and then per hectare was calculated using the following 

equations. 

TCS  (ton/ha) = (CAGTB +  CBGTB +  CDWB +  CHB +  CLB +  SOC ). … … … ….(eq. 13) 

Where, TCS (ton/ha) = the total carbon stock of the total dry biomass, expressed in (ton/ha) 

CAGTB = Carbon Stock in Aboveground Tree Biomass, expressed in (ton/ha) 

CBGB = Carbon Stock in Below Ground Tree Biomass, expressed in (ton/ha) 

CDWB = Carbon Stock in Dead Wood Biomass, expressed in (ton/ha) 

CHB = Carbon Stock in Herb Biomass, expressed in (ton/ha) 

CLB = Carbon Stock in Litter Biomass, expressed in (ton/ha) 

SOC = Soil Organic Carbon, expressed in (ton/ha) 

As 1 tonnes of soil organic carbon = 3.67 (44/12-ratio of the molecular weight of CO2 to carbon) tons of 

CO2 (sequestered or emitted) (Pearson et al., 2007) the equivalent CO2 sink (tons/ha) in a given site was 

estimated from  

        CO2e = 3.67 x C total.… … … … … … … … … … … … … … … … … … … … … … … … ..(eq. 14) 

In addition to the different indices use a T-test unequal variance using R-software was employed to test 

the significance of differences of carbon stock pools of the two land use systems. Analysis of variance 
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(ANOVA) also used to analysis the mean of soil organic carbon across the soil depth. The least 

significant difference (LSD) was used to separate the means. Differences were considered significant at 

P < 0·05.  

Result and Discussions  

Estimation of Above and Belowground Carbon Stocks  

The above ground carbon stock of Gra-kahssu PNV was between 11.59 and 42. 22 ton/ha with the 

average value of 21.05 ton/ha (Appendix Table 2). However, the mean above ground carbon stock of 

CGL was 15.31 ton/ha (Table 1). The above ground carbon stock was significantly larger in the PNV 

compared to the CGL (t=1. 67, DF= 60, P<0.001) (Appendix Table 1).  

The Below ground carbon stock of this study was 0.5 times above ground carbon and the result was in the 

range between 5.79- 21.10, and 3.58 - 16.02 ton/ha (Appendix Table 2) with the average value of 10.39 

and 7.65ton/ha for PNV and CGL, respectively (Table 1). The below ground carbon stock was 

significantly lower in the CGL compared to the PNV (t=1. 67, DF= 60, P=0.001) (Appendix Table 1). 

The management practices, basal area, species richness, the number of individuals per ha, species 

diversity and species composition were the probable reason for the differences in the AGC and BGC 

among the two-land use system. For instance, Raju (2012) finding that, basal area is an important 

parameter, which determines the carbon content by the species. The more basal area indicated the more 

biomass and hence the more carbon storage.  

Table 1. Woody mean (±SD) above and below ground carbon stock of both land use systems (ton/ha) 

Variables Land use system  

PNV(N=35) CGL(N=27) P value 

Woody AGC ton/ha 21.05 (±7.56)  15.32 (±6.18)  <0.001 

Woody BGC ton/ha 10.40 (±3.68)  7.66 (±3.09)  0.001 

 

Dead Woody Carbon Stock 

Dead woody plant species recorded only at PNV in nine quadrats. The AGC stock from the dead wood in 

this study was found to be 0.63 tons/ha minimum value and 5.54 tons/ha maximum value with an average 

value of 1.67 ton/ha. In addition, the average value of BGC stock of the dead wood at the PNV was 0.33 

ton/ha with 1.12 ton/ha and 0.13 tons/ha of maximum and minimum value, respectively (Appendix Table 

2). Dead woody plants were not recorded at the CGL, since exploited by the local community due no 

restriction of resource use in this site.  

Herbs and Litter Biomass Carbon Stocks  

As shown in (Table 2) below, the biomass carbon stock of herbs between the two-land uses system was 

statistically different. In addition, the litter carbon stock was significantly lower in the CGL compared to 

the PNV (t=1. 68, DF= 43, P<0.001) (Appendix Table 1). The mean carbon stock in herb and litter was 



Ethiopian Society of Animal Production 2018 

 

174 

 

0.60 and 0.10 ton/ha, respectively in Gra-kahssu PNV and 0.34 and 0.03 ton/ha in adjacent CGL 

(Appendix Table 2). The reason greater litter and herb biomass carbon stock in PNV could be due to the 

presence of higher species density, less human and livestock interference than in CGL. The significant 

increase of herb and litter carbon biomass compared to the open rangeland may be indicates the potential 

for the restoration of the herb and litter biomass through range restoration.   

Table 2.  Herb and litter mean (±SD) biomass carbon stock of both land use systems (ton/ha) 

Variables Land use system  

PNV(N=35) CGL(N=27) P value 

Herb biomass carbon 0.60 (±0.31)  0.34 (±0.18)  <0.001 

litter biomass carbon 0.10 (±0.0.67)  0.03 (±0.02) <0.001 

 

Soil Organic Carbon 

The Table showed (Table 3) the variation of SOC among different soil profile. According to this result, 

statistically significant differences (P<0.05) were observed in soil organic carbon across the three soil 

depth profiles i.e. 0-10 cm, 10-20 cm and 20-30 cm. Soil organic carbon was dramatically reduced down 

across the soil depths. The pattern indicates that soil carbon was highly accumulated in the upper soil 

layers at both land use systems. This finding supports the reports of Abule et al. (2005); Fantaw et al. 

(2006); Sheikh et al. (2008); Fynn et al. (2009); Swai et al. (2014) and Bikila et al. (2016). This may be 

due to the accumulation and rapid decomposition of natural vegetation litter in the top soil. Mendoza-

Vega et al. (2003); Chowdhury et al. (2007); Ullah and Al-Amin (2012) and Muluken et al. (2015) found 

that more SOC was stocked at the soil depth of 0–14 cm. Kou et al. (2011) also observed that the mean 

SOC stock was significantly higher  in 0-10 cm depth and lowest  in the 30-40 cm soil depth. Therefore, 

the result was in high conformity with those findings.  

 

Table 3. Means (±SD) of soil organic carbon across soil depth at both land use system 

Variables  Land use system 

                            PNV                   CGL 

Depth 

(cm)  

0-10 10-20 20-30 0-10 10-20 20-30 

SOC 

ton/ha 

20.08+5.06a 15.67+3.07b 14.05+2.81b 16.83+ 

6.09a 

12.69+2.91ab 11.74+3.41b 

Different letters in the same column are significantly different (P<0.05) 

The average values of soil organic carbon in the study area was 16.60+4.45 and 13.76+ 4.76 ton/ha for 

PNV and CGL, respectively (Table 4). This value indicated that, the mean value of SOC was higher at the 

PNV than CGL (t= 1.74, DF=16, P<0.05) (Appendix Table 1). Which, is in consistence with the finding 

of Derner and Schuman (2007); Wolde et al. (2011a); Bikila et al. (2016), reported that restoration of 

rangelands soils and ecosystems with permanent vegetation is a high potential for sequestrating soil 

carbon. The distribution of soil organic carbon stocks in each sample quadrat of the study PNV and CGL 
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area was vary could probably be due to the presence of different tree species, soil nutrient availability, 

decomposition rate, disturbance regime and the presence of relatively high litter and herb biomass. 

Natural forest always had highest SOC content due to the presence of vegetation that enhances the SOC 

content through its continued production and decomposition of litter (Kou et al., 2011). The mechanism 

of species driven carbon sequestration in soil is influenced by two major activities, aboveground litter 

decomposition and belowground root activity (Lemma et al., 2007). 

Table 4. Means (±SD) of soil organic carbon across land use system 

Variables 
                          Land use system  

PNV (N=30)                  CGL (N=27) P value 

SOC (ton/ha) 16.60+4.47 13.76+4.76 0.04 

 

Total carbon stock:  According to the result, the total carbon stock in the study area was 50.74 tons/ha 

and 37.11ton/ha for PNV and CGL, respectively (Appendix Table 2). With regard to total carbon in PNV, 

relatively higher carbon amount in all of the six carbon pools was observed here as compared to the value 

found in the CGL. This is attributed to the presence of higher species richness, diversity, density, DBH, 

litter biomass and herb biomass compared to the PNV, which makes PNV higher in total plant biomass 

and carbon stock. 

The most important observation in this study was with regard to the contribution of each carbon pool to 

the total carbon stock: Olive et al. (2006) stated that 51% of the total carbon stock of tropical forest of 

Mexico found in the soil. Normally, soils are the largest carbon pools in global terrestrial ecosystems, 

because they can contain three times more C than that contained in vegetation (Schlesinger, 1990). These 

all studies show that the soil organic carbon is greater than the above ground carbon (carbon in 

vegetation). In the present study, the above ground carbon was the highest carbon stock and its coverage, 

41.49% and 41.28% comparing with other carbon pools in PNV and CGL, respectively. The second 

highest carbon stock is soiling organic carbon and its percentage value 32.72% and 37.08% in the PNV 

and CGL, correspondingly (Figure 3). Therefore, the carbon stock value in the study area for different 

carbon pools showed different storage capacity. The result was in high conformity with Abreham (2013), 

Muluken et al. (2015).  Who reported that, the above ground biomass was the highest carbon stock 

followed by soil organic carbon at the Gambella National Park and Adaba-Dodola community forest of 

Danaba District, West-Arsi zone of Oromia Region Ethiopia, respectively  Abel et al. (2014) at the Mount 

Zequalla Monastery, Eastern Shewa Zone and Worku (2016) at the Gendo moist Montane forest, East 

Wollega Zone, Oromia National, Regional State also finding that, the proportion of carbon pools was 

AGC>SOC>BGC>LC as decreasing order.  

In the present study area, the proportion of AGC stock was greater than soil organic carbon might be 

came from the slope of the land. A variety of factors will affect the amount and concentration of SOC in 

natural vegetation soils. For example, Prichard et al. (2000) observed a strong effect of slope on the SOC 

stock of a subalpine forest in the Olympic Mountains of Washington state. The SOC stock, especially in 

soils of high latitude is also influenced by drainage (Hobbie et al., 2000). Landscape position can affect 

SOC stock because of its influence on the soil, water regime (Gulledge and Schimel, 2000). 
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Figure 3. Contribution 

of different carbon pools at the both land use systems. AGC- Above ground carbon; BGC- Below ground 

carbon; HC –Herb carbon; LC-Litter carbon; DWC-Dead wood carbon; SOC- Soil organic carbon 

 

Financing Gra-Kahssu PNV (Implication for climate change mitigation): The carbon dioxide 

equivalent (CO2e), which indicates the carbon dioxide emitted or sequestered in the PNV was 

186.22ton/ha. In addition, the carbon sequestration of the CGL was 136.19 tons/ha carbon dioxide 

equivalent. The average wholesale price for buyers of carbon offsets on the voluntary offset market is 

about $7.34/tCO2e (RPN, 2009). By applying the value of the average carbon dioxide equivalent, the 

result was $1366. 85. This implies that the PNV managed for carbon trading (to get money) indirectly 

sequesters about 186.22 tons/ha, in average. This plays a great role in the mitigation potential for climate 

change. 

Conclusion and Recommendations 

 Conclusion 

The average above ground, below ground, litter, dead wood and soil carbon stock of Gra-kahssu PNV 

was significantly larger than the CGL. The reason greater above and belowground carbon stock in PNV 

could be due to the presence of higher species density, less human and livestock interference than in 

CGL. The significant increase of above and below carbon stock compared to the open rangeland may be 

indicates the potential for the restoration of species diversity and soil organic carbon through range 

restoration. This is attributed to the presence of higher species richness, diversity, density, DBH, litter 

biomass and herb biomass compared to the PNV, which makes PNV higher in total plant biomass and 

carbon stock. 

The comparison made between PNV and adjacent CGL showed that carbon sequestration was improved 

in the PNV. The results suggested that while continuous overgrazing and management practices such as 

reduction in human and animal interference was detrimental to vegetation and soil organic carbon, this 

can be reversed and significant increases in woody carbon and soil organic carbon can be achieved with 

the implementation of protecting practices.  Our findings provide important information for local decision 

makers, which might enhance the establishment and management of PNV that are ecologically sound in 

the southern lowland of Tigray, Ethiopia. 
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 Recommendations 

Since carbon losses from dry lands are associated with loss of vegetation cover and soil erosion, 

management interventions that slow or reverse these processes can simultaneously achieve carbon 

sequestration. Protected natural vegetation, thus, can be considered as one option among the wide range 

of strategies to increase the stock of carbon in the soil. Therefore, opportunities for improved grazing land 

management as well as increasing carbon sequestration should be developed in the study areas, which will 

also have an economic add, the potential of making a significant contribution to the household economy. 

In this study, vegetation carbon stocks were measured using a general allometric regression equation, 

which is less accurate than species-specific allometric equations. Therefore, further studies using species-

specific allometric equations are required to investigate the vegetation carbon stocks of protected natural 

vegetation in semi-arid areas of the southern Tigray, Ethiopia. 

Furthermore, only one season data was considered to estimate the carbon sequestration of the protected 

natural vegetation and communal grazing lands. However, carbon stocks are temporally affected. 

Therefore, further research shall focus on the seasonal carbon stocks in order to understand their effects 

overall dynamics of the Grazing land ecosystem. 
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Abstract 

 

The study was conducted at Gra-Kahsu protected natural vegetation (PNV) and communal grazing land 

(CGL), in order to evaluate the conservation impact level. The diversity of plant species, population 

structure of woody species, and regeneration status were analysed from 62 quadrats, each with 20 m x 20 

m for trees and 5m x 5m for shrubs, using systematic sampling methods. A total of 64 vascular plant 

species belonging to 52 genera and 37 families from PNV and 43 plant species belonging to 34 genera 

and 25 families from CGL was identified. Shannon diversity index values of PNV and CGL were 2.29 and 

1.84, respectively. The mean basal area of PNV and CGL were 8.29 and 5.32m2/ha, respectively. Three 

community types from PNV and two from CGL were identified. The population structure of woody species 

based on diameter and height class distribution showed reflected reversed J-shape for PNV however, 

bell-shaped, and interrupted inverted J-shape for CGL. The regeneration status of PNV and CGL were 

considered as good (sapling>seedling>matures) and fair (mature>sapling>seedling), respectively. 

Therefore, the floristic analysis of these two adjacent land use systems located in similar landscape 

showed distinctive variation in floristic composition, diversity, and regeneration status, which could be 

taken as the best practice of restoration and rehabilitation programs like, area ex-closure.  

 

Keywords: Area ex-closure; communal grazing land; protected natural vegetation; rehabilitation; 

restoration. 

 

 

Introduction 

 

The decline of vegetation cover is one of the most serious challenges facing humankind today (Reynolds 

et al., 2007). Ethiopia is also facing severe land degradation. The natural vegetation of the country was 

highly affected by several factors such as, agricultural expansion, settlement, deforestation, land 

degradation, and invasive species (Teshome et al., 2009; Solomon 2015). In order to minimize such 

threats, the country was striving for different conservation strategies like, watershed management, 

afforestation, and reforestation, restoration, and rehabilitation programs. These practices were found 

crucial to achieve better vegetation cover and contribute to improve livelihoods of local communities 

(Mengistu et al., 2005; Wondie, 2015). The northern part of Ethiopia, Tigray Regional State, was 
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practicing well-recognized conservation strategies on severely degraded landscapes for decades, where 

area exclosure was the most common conservation strategy. So far, two major types of area exclosures 

were practiced in Ethiopia. The most common type involves closing off an area from livestock and people 

so that natural regeneration of the vegetation can take place. The second option comprises closing of 

degraded land while simultaneously implementing additional measures such as establishing soil and water 

harvesting structures to enhance the regeneration process (Betru, 2005).  

Exclosures are areas closed from human and domestic animals’ interference, with the goal of promoting 

natural regeneration of plants and reducing land degradation of formerly degraded communal grazing 

lands (Wolde et al., 2011d). In the Northern part of Ethiopia, establishment of area exclosure has been 

taken as an important strategy for rehabilitation or restoration of degraded hillsides (Yayneshet 2011). 

Forest restoration in protected exclosure has become a common practice to fight land degradation in the 

highlands of Tigray. Restoration of degraded communal grazing lands through establishing exclosures has 

become increasingly important in the Tigray regional, state, northern Ethiopia (Wolde et al, 2011c; 

Yayneshet 2011; Gebrehiwot and Van Der, 2014). A number of studies reported on ecosystem services 

delivered due to a wide-scale exclosures activities of the northern Ethiopia, which are considered as best 

practices of ecosystem restoration (Tefera et al., 2005; Wolde et al., 2011a; Wolde et al, 2011b; Wolde et 

al, 2011c; Yayneshet 2011; Gebrehiwot and Van Der, 2014). Nevertheless, there is still limited 

information on ecosystem services delivered by long-time protected natural vegetation’s as compared to 

communal grazing land (unrestricted open vegetation sites). 

The unique landscape of Gra-Kahsu natural vegetation have two kinds of land use system, protected 

natural vegetation (PNV) through exclosures for more than three decades and communal grazing land 

(CGL). Therefore, the objectives of this study were to determine the contribution of conservation strategy 

implemented in the study area on woody plant species diversity and restoration potentials after long term 

grazing exclusions in Northern Ethiopia. Comparative floristic analysis was conducted in these two land 

use systems, i.e. protected natural vegetation (PNV) and communal grazing land (CGL), to evaluate the 

conservation impact levels through a comprehensive floristic analysis of plant species diversity, 

community types, woody plant population structure, and regeneration status. 

Material and Methods 

Description of Study Area 

Gra-Kahsu having unique scenery with natural vegetation is located in Alamata District known as Wereda 

of the Tigray Regional State, Northern Ethiopia. It is situated about 600 km north of Addis Ababa 

(Capital of Ethiopia) and about 180 km south of Mekelle (capital of the Tigray Regional State). It is 

geographically located between 12°19'21” to 12°24'28.5” North latitude and and 39°14'52” to 39°45'47.8” 

East longitude (Figure 1).  
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Figure 4. Location map of the study area  

The altitude of the Wereda ranges from 1,178 to 2,300 meters above sea level (m.a.s.l). Seventy five 

percent (75%) of the Wereda can be described as lowland (1,500 m.a.s.l or less), and the remaining 25% 

is in the mid-highlands (range between 1,500—2,300 m.a.s.l). The annual mean precipitation ranges from 

615-900 mm, with maximum and minimum temperatures of 23 °C and 14 °C, respectively (Girmay et al., 

2014). 

  

Gra-Kahsu natural vegetation accounts the major vegetation cover of the Wereda, which was designed to 

conserve long lasted unique natural features, unique scenery, historical interests and other natural values 

with legal and administrative supports on the upper part of Alamata town. The protected part of Gra-

Kahsu natural vegetation endowed with different types of wildlife and considered as an important pillar 

for future local development (WAOARD, 2016). Adjacent to the protected natural vegetation (PNV) in a 

similar scenario of Gra-Kahsu natural vegetation, there is communal grazing land (CGL) used by the local 

community with no restriction to access resource.  

Sampling and Data Collection Methods 

Following the reconnaissance survey, protected natural vegetation (PNV) and communal grazing lands 

(CGL) were classified into three strata based on homogeneity in floristic composition and distributional 

pattern. Then a systematic transect sampling technique was used in the three strata, which are different in 

their vegetation type and distributional pattern. In each of the sites, a parallel line transects were laid at 

500 m interval that lie with parallel to the slope of the stand. To avoid the effect of disturbances the first 

and the last line transects were laid at a distance of 70 m from the edges. The locations of the quadrats 

were marked by GPS and slope along transects were measured using clinometers. Along the transect 

lines, a total of 62 quadrats (35 from PNV and 27 from CGL) measuring 20 m X 20 m for trees and 5m x 

5m sub- quadrats for shrubs was laid down at a 0.5 Km interval.  

Data on woody plant species were collection from September-October 2016 following the main rainy 

season of the locality. In both land use systems, data on species identity, density, and frequency, diameter 

at breast height and diameter at stump height were recorded for tree, tree/shrub, and shrub species. Basal 
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area was measured using calliper and height of woody species was measured using a measuring stick 

having 5 m in height graduated with 10 cm markings. Yet, trees greater than 5 m in height were measured 

using clinometers. Mature tree is defined as woody plants with DBH/DSH ≥ 2.5 cm and height ≥1. 5 m 

(Negash et al., 2013). The sapling and seedling population was counted from five sub-quadrats (5 m x 5 

m) established at the four corners and one in the centre within the main quadrat. Saplings are young 

woody plants with DBH/DSH < 2.5cm and height from 50 to 150 cm, whereas seedlings are woody plants 

with DSH < 2.5 cm and height from 0 to 50 cm (Gemedo, 2004). During counting or measuring of woody 

species, double counting and missing were avoided using marking system. Plant species identification 

was done in the field in addition, specimens were collected for herbarium identification in Haramaya 

University supported by voucher specimens by referring to Hedberg and Edwards (1989); Hedberg and 

Edwards (1995); Edwards et al. (1995); Edwards et al. (1997); Edwards et al. (2000); Hedberg et al. 

(2006). 

Data Analyses 

Species richness, evenness and Shannon-Weiner Diversity Index (H') were analyzed using R software 

program (version 3.3.4.) using permute, lattice, and vegan packages (R Core Team, 2018). Basal area 

(BA) is the cross-sectional area of woody stems diameter at breast height (DBH). It is a measure of 

dominance and calculated by using the following formula (Kent and Coker 1992): BA=Πd2/4, where d is 

diameter at breast height.   

Importance Value Indices (IVI) were analyzed for woody species based on relative dominance, relative 

density, and relative frequency. The similarity coefficient between community types were assessed using 

Sorensen’s similarity index as recommended by Kent and Coker (1992). To assess the population 

structure of woody plants, all individuals encounter in the quadrats were grouped into height classes and 

diameter classes (Emiru et al., 2002). The population structure of woody species in both land use systems 

was assessed through a bar graph constructed by using the density of individuals of each species (Y-axis) 

categorized into seven diameters classes (X-axis). Regeneration status of the two land use systems was 

analysed by comparing saplings and seedling total count with that of mature trees according to 

Khumbongmayum et al. (2006); Dhaulkhandi et al. (2008); Tiwari et al. (2010). 

In addition, T-test unequal variance was employed to test the significance of differences of species 

richness, diversity index, species evenness, and basal area of the two land use systems. Differences were 

considered significant at P < 0·05. For the cluster analysis, abundance data of the 64 species for PNV and 

43 species for CGL were used. In the clustering analysis, the Ward’s method and Euclidean distance were 

used in order to minimize the total within the group mean of squares or residual sum of squares (McCune 

and Grace, 2002). 
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Result and Discussions 

Woody Species Composition 

In the floristic analysis, 64 woody plant species belonging to 52 genera and 37 families were identified in 

protected natural vegetation (PNV), which lies in the altitudinal range between 1655 and 2298 m. a.s.l. 

The life form distribution of these species was 22 (34.38 %) trees, 25 (39.06 %) shrubs, 13 (20.31 %) 

tree/shrubs, and 4 (6.25%) climbers. On the other hand, 43 woody plant species belonging to 34 genera 

and 25 families were identified in communal grazing land (CGL) in the altitudinal range between 1620 

and 1930 m .a.s.l. The life form distributions of these species were 16 (37.21 %) trees, 17 (39.53 %) 

shrubs, 9 (20.93 %) tree/shrubs and 1 (2.33%) climbers. Fabaceae was found the most species-rich family 

comprising 12 (18.75 %) and 12 (27.91 %) of the total plant species identified in PNV and CGL, 

respectively, followed by Anacardiaceae by four (6.25 %) species from PNV but Rhamnaceae with three 

(6.97 %) species from CGL. Similar studies at Tara-Gedam forest (Haileab et al., 2005); Belete forest, 

(Kitessa and Tsegay, 2008) Hugumburda forest (Aynekulu, 2011) and Babile Elephant Sanctuary 

(Anteneh et al., 2011) reported the dominance of the Fabaceae in the vegetation stands. This dominance 

could be attributed to the adaptation potential of leguminous species (Fabaceae) to diverse ecologies of 

the country.  

The abundance and distribution of plant species were found higher in PNV than CGL. In addition, the 

entire site at the CGL was dominated by Euclea racemosa, Acacia tortilis, Gomphocarpus fruticosus, and 

Carissa spinarum that accounted 56.65% of the total plant cover/density of the 43 plant species identified. 

An expansion of species like, Euclea racemosa in the mountainous landscape of Ethiopia became an 

indicator of land degradation. On the other hand, in the PNV the same species constituted about 28.89% 

the total plant cover/density, relatively lower invasion by Euclea racemosa. Rather, multipurpose woody 

species are increasing in the PNV as compared to the CGL. The study showed that few woody species 

dominated (those species recorded as indicators of degraded land) in the CGL whereas a relatively good 

proportion of valuable woody species were found in PNV. 

The observed difference in woody species composition between the two land use systems showed the 

positive effect of vegetation protection through proper conservation strategies like area exclosures and 

restoration practices. Similarly, encouraging results have been reported from studies made on enclosures 

established in Tigray, Ethiopia (Emiru et al., 2002; Tefera et al., 2005). According to Kibret (2008), the 

reduction of species diversity in the CGL could be an indication of the increased vulnerability of the plant 

species by animals and/or human intervention at maturity or early stage of regeneration. This might 

indicate that individuals in the CGL either harvested at an early growth stage by the local inhabitants 

and/or their domestic animals (Wondie et al., 2014). Similarly, Sisay et al. (2001); Tessema et al. (2011) 

suggested that heavy grazing/browsing might cause a reduction of plant species density and diversity over 

time. 

Out of the total 64 woody species recorded from PNV, 36 woody species were found common for both 

land use systems and the rest 28 woody species were not found in the CGL. Endemic, indigenous, and 

multipurpose plant species like, Acacia abyssinica, Celtis africana, Clutia abyssinica, Cynanchum 



Ethiopian Society of Animal Production 2018 

 

187 

 

abyssinicum, Dovyalis abyssinica, Hagenia abyssinica, Maytenus undata, Myrsine africana, Osyris 

quadripartite, Phytolacca dodecandra, Pittosporum viridiflorum, Rosa abyssinica, Rhus glutinosa and 

Teclea simplicifolia were found increasing in the PNV. These plant species were not recorded from the 

CGL. Whereas, woody species, which are commonly known as bush encroachers, invaders, and indicators 

of land degradation like, Balanites aegyptiaca, Carissa spinarum, Euclea racemosa, Gomphocarpus 

fruticosus, Grewia villosa, and Opuntia ficus-indica were found increasing in the CGL. 

The Sorensen’s similarity coefficients of woody species in terms of species richness, genera, and families 

of the two land use systems were about 40.22%, 39.43% and 42.59%, respectively. This indicated an 

increasing dissimilarity of woody species between the two adjacent land use systems. Because, the 

conservation strategy, area exclosure, applied in the PNV was contributed much in the restoration of 

valuable woody plant species as compared to CGL of Gra-Kahsu natural vegetation. Similar studies were 

reported that area exclosures and open-grazed lands differed in floristic composition due to the variation 

of management practices applied (Tefera et al., 2005; Emiru et al., 2007). 

 Density and Frequency of Woody Species  

The density of a given species is expressed as a number of stems per hectare. Species were classified into 

five density classes, A – E as follows: A > 100.1; B = 50.1 – 100; C = 10.1 – 50; D= 1.1 – 10 and E <1. 

The density of woody species in each class at PNV was relatively higher than CGL (Figure 2). Forty-nine 

species and 36 species exhibited density classes A at PNV and CGL, respectively, whereas, 7 species and 

4 species exhibited density class C at PNV and CGL, correspondingly. However, there were no woody 

plant species recorded in the lower density class distribution (D and E) in both land use types (Figure 2). 

Figure 2. Density class 

distribution of woody species at both land use systems: (Density classes: A > 100.1; B = 50.1-100; C= 

10.1-50; D=1. 1-10; E=<1) 

In the Gra-Kahsu protected natural vegetation, the highest density of species was recorded for 

multipurpose woody species like, Acacia abyssinica, Celtis africana, Clutia abyssinica, Dodonaoea 

angustifolia, Hagenia abyssinica, Maytenus undata, Myrsine africana, Phytolacca dodecandra, Rosa 
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abyssinica, and Rhus glutinosa that accounted a total of 1838.10 individuals per hectare. Among these, a 

single species Euclea racemosa accounted 1795.24 individuals per hectare for CGL. A single woody 

species of Cupressus lusitanica accounted 1284.38 individuals per hectare in the PNV whereas, Opuntia 

ficus-indica accounted 1608.33 individuals per hectare in the CGL. In addition to the difference in 

densities of woody species, the type (endemic, indigenous, invasive, etc) and quality (use value) of woody 

species showed much variation in the two land use systems. 

The stand density of seedling and sapling in the PNV was 2334.29ha-1 and 3114.29 ha-1, respectively. 

However, in the respective open grazing area the densities were 1320.37 ha-1 (seedling) and 1644.44 ha-1 

(sapling). This might be indicated that, fair or poor regeneration status of the CGL and improvement of 

the regeneration status of PNV due to proper application of management practices. The constant and 

frequent grazing in the open grazing land might have inhibited the propagation of seedlings from shoots, 

root suckers, and seeds. In addition, the available species in the open grazing land sustained probably 

because they had a tolerance to disturbance and hence, are very important in the recovery of degraded 

vegetation in the area. Similar research work also reported that open-grazed lands had a less seedling 

density as compared to area exclosures that were adjacent to them and tolerance to disturbance are very 

important in the recovery of degraded vegetation in the area (Tefera et al., 2005; Emiru et al.. 2007; 

Teshome et al., 2009; Yayneshet, 2011).  

Frequency is the number of quadrats (expressed as a percentage) in which a given species occurred in the 

study area. Species were grouped into five frequency classes: A = >81; B = 61– 80.9%; C = 41– 60.9%; 

D = 21– 40.9%; E = <20%. Two species were recorded in frequency class A and B at both land use 

systems. Therefore, those species were the most frequent species recorded in the study area. Only four 

species, was recorded in frequency class C at both land use system (Figure 3). The frequency gives an 

approximate indication of the homogeneity and heterogeneity of species (Haileab et al., 2005). Lamprecht 

(1989) pointed out that high values in higher frequency classes (classes A and B) and low values in lower 

frequency classes (classes E and D) indicate constant or similar species composition (homogeneity). High 

values in lower frequency classes and low values in higher frequency classes on the other hand indicate a 

high degree of florists heterogeneity (Shibru and Balcha, 2004; Abyot et al., 2014). In this study, high 

values were obtained in lower frequency classes (classes E and D) (Figure 3). This shows that high degree 

of floristic heterogeneity exists in both land use systems. 
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Figure 3. Frequency class distribution of woody species at both land use systems (Frequency classes: A= 

>80, B=61-80.9; C=41-60.9; D=21-40.9%; E= <20%) 

Acacia abyssinica, Acacia tortilis, Cupressus lusitanica, Gomphocarpus fruticosus, Hagenia abyssinica, 

and Carissa spinarum have been the most frequently recorded woody plant species in PNV, whereas 

Euclea racemosa, Carissa spinarum, Opuntia ficus-indica, Rhus natalensis, Dichrostachys cinerea, and 

Dodonaoea angustifolia were frequently recorded in the CGL. Therefore, as a result of conservation 

strategy, area exclosures, highly preferred (use value) and multipurpose woody species frequency were 

increasing in the PNV while decreasing from the adjacent CGL. 

Species Diversity, Richness and Evenness 

The value of the Shannon diversity index and evenness in the PNV were 2.29 and 0.80, respectively 

(Table 2). However, the Shannon diversity index and evenness indices in CGL were 1.84 and 0.64 

respectively, indicating significantly lower species diversity and dominance of few species in the CGL 

than the PNV (t=1. 67, DF=57, p<0.001). This could result from repeated habitat disturbances in the CGL 

due to frequent and intensive interference of both humans and livestock for grazing and other communal 

uses. Decline in species diversity in the grazing land could be a result of the loss of seedling of some 

species unable to establish at an early stage of development, and selective defoliation and trampling by 

grazing herbivores (Belaynesh, 2006). The species evenness also showed significant differences (t=1. 67, 

DF=60, p<0.001) between the two land use systems. A low equitability/evenness value means that there 

is the dominance of one or few species in the community. While high equitability/evenness means that, 

there are uniform distributions among the species in a given ecological setting (Wilson et al., 1996; 

Cavalcanti and Larrazabal, 2004).  

Shannon diversity index considered as high when the calculated value is >3.0, medium when it is between 

2.0 and 3.0, low between 1.0 and 2.0, and very low when it is <1.0 (Cavalcanti and Larrazabal, 2004). In 

this respect, in Gra-Kahsu the PNV and CGL sites had medium and low Shannon diversity index, 

respectively. On the other hand, the species richness in the PNV was significantly higher than CGL (t=1. 

68, DF=42, P<0.001). The average number of species per quadrat was also higher in the PNV (14.23) 

than in the CGL (10.30), indicating more diversity in the PNV of Gra-Kahsu natural vegetation (Table 1).  
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Table 1. Species composition and diversity (mean ±SD) of protected natural vegetation and adjacent 

communal grazing land 

Land use system N Species richness Shannon diversity index 

(H’) 

Evenness (H’/Hmax) 

PNV 35 14.23 2.29 (±0.35) 0.80 (±0.06) 

CGL 27 10.30 1.84 (±0.34) 0.64 (±0.10) 

P value <0.001 <0.001 <0.001 

N= Number of quadrats 

This indicated that the type of management practices influenced both species richness and diversity. 

Studies done in Ethiopia also indicated the impact of different management practices on the vegetation 

status (Muluberhan et al. 2006; Yayneshet, 2011; and Gebrewahd, 2014). It was also suggested by Oba et 

al. (2000); Tessema et al. (2011) that species richness declines in heavy grazing grassland.  

Basal Area  

Basal area (BA) is the cross-sectional area of all of the stems in a stand at breast height (1.3 m above 

ground level). Basal area is used to explain the crowdedness of a stand of natural vegetation. A stand of 

large trees is more stacked than with the same number of trees of smaller diameter (Shambel, 2010). The 

mean basal area (expressed as the basal area of stems per hectare) of PNV and CGL woody species with 

DBH >2.5cm were 8.29 and 5.32m2/ha, respectively. BA was significantly larger in the PNV compared to 

the CGL (t=1. 67, DF= 54, P<0.05). The highest proportion of the mean BA at the PNV was covered by 

Ficus sycomorous (33.31 m2/ha), followed by Eucalyptus camaldulensis (26.68 m2/ha). While, Acacia 

tortilis (18.6 m2/ha) and Balanites aegyptiaca (16. 4 m2/ha) were accounted the highest proportion of the 

mean BA at CGL. The greater difference in basal area between the PNV and CGL could be due to the 

high number of multi-stemmed trees in the PNV, leading to bigger diameters. 

Importance Value Index 

The IVI values have been helped to understand the ecological significance of the tree species in 

community structure (Premavani et al., 2014). In this respect, the IVI of woody species of the PNV, 

which was calculated from relative density, relative dominance, and relative frequency (Shambel, 2011) 

for Acacia abyssinica (18.23), Cupressus lusitanica (14.87), Dodonaoea angustifolia (22.15), Ficus 

sycomorous (18.67), and Ficus sycomorous (14.87) were found to have relatively higher values. These 

woody species might be ecologically important in PNV of Gra-Kahsu. Whereas, woody species like, 

Teclea simplicifolia (0.25), Clematis hirsuta (0.25), Cynanchum abyssinicum (0.29), and Rumex nervosus 

(0.58) were found with lower IVI (Table 2).  
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Table 2. Relative frequency, Density, Relative Density, Basal area, Relative Dominance and important 

value index of same woody species of the protected natural vegetation  

Scientific name RF D RD BA Rdom IVI 

Carissa spinarum 2.01 322.50 1.41 14.10 6.19 9.60 

Euclea racemose 1.61 1284.38 4.49 8.77 3.85 9.94 

Dodonaoea angustifolia 4.22 1102.86 17.44 1.13 0.49 22.15 

Ficus sycomorous 6.83 707.86 11.20 1.48 0.65 18.67 

Acacia abyssinica 6.22 709.29 11.22 1.80 0.79 18.23 

Cupressus lusitanica 0.20 2.86 0.05 33.33 14.62 14.87 

Eucalyptus camaldulensis 2.01 32.86 0.52 26.68 11.71 14.23 

Rhus natalensis 5.62 432.86 6.85 1.92 0.84 13.31 

Dichrostachys cinerea 5.22 425.00 6.72 1.04 0.46 12.40 

Cupressus lusitanica 1.61 293.57 4.64 8.77 3.85 10.10 

Solanum schimperianum 0.40 9.29 0.15 0.71 0.31 0.86 

Clutia abyssinica 0.40 14.29 0.23 0 0.00 0.63 

Rumex nervosus 0.40 11.43 0.18 0 0.00 0.58 

Cynanchum abyssinicum 0.20 5.71 0.09 0 0.00 0.29 

Clematis hirsute 0.20 2.86 0.05 0 0.00 0.25 

Teclea simplicifolia 0.20 2.86 0.05 0 0.00 0.25 

RF-Relative Frequency; D-Density; RD-Relative Density; BA-Basal Area; Rdom-Relative Dominancy; 

IVI- important value index 

Among other factors, their lower IVI may indicate that these woody species are threatened and need 

immediate conservation measure (Anteneh et al., 2011; Temesgen et al., 2015). On the other hand, 

Cupressus lusitanica (14.62), Eucalyptus camaldulensis (11.71) and Carissa spinarum (6.19) were 

species with the highest relative dominance species in the PNV. About 12.5% and 16.28% of the woody 

species in the PNV and CGL, respectively, had IVI < 1 that can indicate the significance of initiating 

conservation measure in the study areas. 

Woody species like, Euclea racemosa (27.13), Acacia tortilis (27.62), Gomphocarpus fruticosus (18.97) 

and Carissa spinarum (14.56) with the highest IVI at the CGL may not be necessarily ecologically 

important rather could be due to an invasive nature of the species, which had been found dominant. 

Woody species like, Pavetta oliveriana (0.82), Grewia ferruginea (0.63) and Clerodendron myricoides 

(0.45) had lower value of IVI at the CGL that attract conservation action depending on the social and 

ecological values of the species (Table 3).  
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Table 3. Relative frequency, Density, Relative Density, Basal area, Relative Dominancy and Important 

value index of same woody species of the communal grazing land 

SPP RF D RD BA Rdom IVI 

Euclea racemosa  7.45 1396.3 17.47 5.53 2.21 27.13 

Acacia tortilis  9.57 849.07 10.63 18.56 7.42 27.62 

Gomphocarpus fruticosus  9.22 663.89 8.31 3.62 1.45 18.97 

Carissa spinarum  6.03 499.07 6.25 5.73 2.29 14.56 

Acacaia albida  3.55 399.07 4.99 5.44 2.17 10.71 

Balanites aegyptiaca  2.48 43.52 0.54 16.43 6.56 9.59 

Pavetta oliveriana  0.35 37.04 0.46 0.00 0.00 0.82 

Grewia ferruginea  0.35 22.22 0.28 0.00 0.00 0.63 

Dombeya torrida  0.35 7.41 0.09 0.00 0.00 0.45 

Acokanthera schimperi  0.35 7.41 0.09 0.00 0.00 0.45 

Clerodendron myricoides   0.35 7.41 0.09 0.00 0.00 0.45 

RF-Relative Frequency-; D-Density; RD-Relative Density; BA-Basal Area; Rdom-Relative Dominancy ; 

IVI- important value index 

Population Structure of Woody Plant Species 

The diameter and height class distribution of woody species in the PNV reflected reversed J-shape (L-

shape). This means, where species frequency distribution had the highest frequency in the lower diameter 

and height classes and a gradual decrease towards the higher classes. In this respect, 80.93% of the total 

frequency lies between the first and second diameter classes, whereas, about 16.49 % of the frequency 

were found to be in the middle diameter classes (9.1-21 cm) in PNV (Figure 4a). This indicated that there 

was selective removal of middle and high diameter class trees for various purposes by local people like 

for, fencing, farm implementing, house construction, and fuel wood when allowed by the community 

leaders. The number of individuals within the larger diameter class (>25.1cm) accounted for only 2.58 

and 9.27% in the PNV and CGL, respectively. 

The possible reason for decreasing percentage of the number of individual woody species within the 

largest diameter class (>25.1cm) might be due to illegal cutting used by the local people for construction 

materials and fuel wood consumption. Similar reports indicated that woody species with DBH>30 cm 

were harvested by the local people for construction and charcoal making (Getaneh, 2007; Tefera et al., 

2015). The diameter class’s distributions in the CGL shows a bell-shape, which showed there was a 

higher number of individuals in the middle diameter classes, but decrease towards the lower and higher 

diameter classes (Figure 4b). According to Feyera et al. (2007), the bell - shaped pattern indicates a poor 

reproduction and recruitment of species.  
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Figure 4. Diameter class frequency distribution of woody species at both land use systems. DBH class: (1 

= <5cm; 2 = 5.1-9cm; 3 = 9.1-13cm; 4 = 13.1-17cm; 5 = 17.1-21cm; 6 = 21.1-25cm; 7 = >25.1cm) 

 

The density distribution of woody individuals in different height classes also showed a similar pattern 

with diameter classes at the PNV. The height distribution for the CGL and PNV showed an interrupted 

inverted J shape and inverted J shape, respectively. There was high decrease in the density of classes of 

three, four, five, six, seven, and eight at PNV. While, in the CGL there were no individuals with height 

classes of six, seven, and eight. Generally, it showed a decrease in density with increase in height classes 

of both land use systems (Figure 5). 

Figure 5. Height class 

frequency distribution of woody species at PNV and CGL. Height class (1 = <4m; 2 = 4.1-6m; 3 = 6.1-

8m; 4 = 8.1-10m; 5 = 10.1-12m; 6 = 12.1-14m; 7 = 14.1-16m; 8 = >16 m) 

A reversed J-shape distribution of height/diameter classes indicated a continuous and good regeneration 

and/or a stable population of woody species. In contrast, bell-shape and interrupted reversed J-shape 

distribution of woody species in the communal grazing lands indicated a hampered regeneration status 

due to several disturbance factors, including deforestation by local people in addition to frequent 

browsing and trimming by livestock. 
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Regeneration Status 

The density of seedlings and saplings for woody species were analysed to know the regeneration status in 

both land use systems. A total of 7628 individual seedling and saplings belonging to 64 species were 

counted among all quadrats from the PNV. Woody species like, Euclea racemosa (43.41%), Carissa 

spinarum (38.06%), Rhus natalensis (37.62%), Dichrostachys cinerea (33.39%) and Dodonaoea 

angustifolia (30.83%) showed relatively better regeneration in the PNV. Woody species like, Euclea 

racemosa (41.93%), Carissa spinarum (47.47%), Rhus natalensis (48.18%), Dodonaoea angustifolia 

(50.52%) and Cupressus lusitanica (61.31%) were contributed higher to the sapling counts. Of course, it 

was reported that species like, Euclea racemosa, Carissa spinarum, and Dodonaea angustifolia were 

known to produce a lot of litter and accumulate organic matter in a thick humus profile that enhance the 

restoration process (Wendwessen, 2009). However, the current increasing level of regeneration status of 

woody species like Euclea racemosa known to have least use value calls for immediate attention in this 

unique scenery protected natural vegetation. 

In the PNV, 43.75% woody species exhibited good regeneration status, 17.19% fair regeneration, and 

18.75% showed poor regeneration status. Nevertheless, 12.5% woody species were not found at the 

seedling stage and 7.81% woody plant species were not found in both seedling and sapling stages. 

According to Taye et al. (2002), a tree species with no seedling and sapling in a natural vegetation is 

under risky condition and it is suggested that these species are under threat of local extinction. There were 

no seedlings or saplings for woody species such as, Maytenus senegalensis, Ficus sycomorous, 

Cassipourea malosana, and Cordia ovals. The relatively better/lower regeneration of trees might be 

attributed to the density of their mature trees, which determine the presence/absence of viable seeds 

amount in the soil (Anteneh et al., 2011).  

The regeneration status of the PNV is considered as good since sapling (47.62%) > seedling (35.69%) 

>matures (17.34%) (Figure 6). Because, the regeneration status of a given natural vegetation is considered 

as good if sapling > seedling > matures (Khumbongmayum et al., 2006; Dhaulkhandi et al., 2008; Tiwari 

et al., 2010). This was revealed in the PNV where better level of protection in the area helped the 

regeneration of woody species. However, about 53.6% regeneration was recorded for shrubs, which may 

indicate the gradual move of the natural vegetation towards shrub land in the PNV that call-up proper 

planning in its conservation practices.  
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Figure 6. Regeneration 

Status of woody tree species at both land use systems  

On the other hand, a total of 3202 individual seedling and saplings belonging to 43 species were counted 

among all quadrats from the CGL. Woody species like, Acacaia albida (136), Carissa spinarum (120), 

Gomphocarpus fruticosus (248) and Euclea racemosa (376) showed relatively better regeneration. In 

addition, Euclea racemosa (478), Carissa spinarum (160) and Gomphocarpus fruticosus (56) species 

were the highest sapling counts. 

In this area, 72.09% tree species exhibited fair regeneration status and 18.60% showed poor regeneration. 

A total of 9.30 % woody species was not found regenerating. It was stated that the regeneration status of 

the given natural vegetation is considered as fair if matures > sapling > seedling (Khumbongmayum et 

al., 2006; Dhaulkhandi et al., 2008; Tiwari et al., 2010). Therefore, the regeneration status of the CGL 

was considered as a fair since mature (58.59%) > sapling (25.31%) > seedling (20.32%) (Figure 6). The 

lower seedling counts in the CGL showed its least restoration potential that could be due to unlimited free 

grazing and vegetation exploitation by the local community. Though, there are some germination of seeds 

due to few remnant mother trees, most of these seedlings were perishing off before reaching sapling and 

mature stages for various reasons including grazers and browsers pressure (Teshome et al., 2015). 

The major factors contributed for lack of regeneration for some woody species could be a result of 

existing disturbance in the study areas like, free grazing, firewood collection, and poor biotic potential of 

tree species. These could either affect the fruiting or seed germination or successful conversion of 

seedling to sapling stage. Moreover, individuals in young stages of any species are more vulnerable to any 

kind of environmental stress and anthropogenic disturbance (Iqbal et al., 2012; Moumita and Ashalata, 

2014). In addition, decline in species diversity in the communal grazing land could be a result of the loss 

of seedling of some species unable to establish at an early stage of development, and selective defoliation 

and trampling by grazing herbivores (Belaynesh, 2006). 
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Plant Community Types 

Based on a hierarchical cluster analysis using Ward’s method and Euclidean distance, three clusters were 

identified in the PNV: community type I (lower altitude), community type II (middle altitude), and 

community type III (higher altitude) (Figure 7).  

 

Figure 7. Dendrogram representing plant community types of the protected natural vegetation 

(Agglomerative coefficient:  0.84) 

 

I. Community type I was formed from aggregate of quadrats from the lower altitude, which was 

represented by 22 species and 5 quadrats. The altitudinal range of this community was from 1655 to 1691 

m a.s.l and at a slope of 15 to 30%. Woody species (trees, shrub and woody climbers) associated with this 

community, such as Dichrostachys cinerea, Laggera tomentosa and Acacia tortilis are the dominant 

species of this community. 

II. Community type II was formed from aggregate of quadrats from the middle altitude, which was 

represented by 58 species and 22 quadrats. This community type was distributed and was situated at 

altitudinal ranges from 1828 to 2298 meters above sea level and at a slope of 30 to 60%. Furthermore, this 

community type is mainly comprised of Dodonaoea angustifolia, Cupressus lusitanica, Rhus natalensis, 

Celtis africana, and Myrsine africana. 

III. Community type III was formed from aggregate of quadrats from the higher altitude, which was 

represented by 58 species, and 22 quadrats. This community type was distributed and was situated at 

altitudinal ranges from 1828 to 2298 meters above sea level and at a slope of 30 to 60%. The dominant 

woody species represened were Euclea racemosa, Pterollobium stellatum, Acacia abyssinica, and 

Myrsine africana.  

Community type III was the highest in total count of shrubs and trees (7763.64 individuals per hectare). 

This is because of the location of the quadrats in this community, which were not suitable for grazing and 

browsing by animals due its difficulty in topography. In addition, this community is far away from most 
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populated areas. On the other hand, community types I was found to have the least average counts of 

woody species with an average 4190.63 individuals per hectare. This could be due to the relative 

disturbance of the area by peripheral free grazing and browsing of livestock. 

 

Species diversity across the community at PNV:  Of the three community types, community type three 

(III) had highest woody species diversity (2.38) and species richness (16.22) followed by community type 

two (II) which has 2.25 and 12 diversity and species richness, respectively. The least species diversity and 

species richness was recorded in community type one (I) which has (2.01) and (10.13), respectively 

(Table 4). The low species richness of community type I may be due to anthropogenic disturbance since 

located towards the community side.  

Table 4. Shannon diversity indices, species richness and evenness of the plant communities at protected 

natural vegetation  

 Community type 

I II III 

Species Diversity (H’) 2.01 2.25 2.38 

Species evenness (E) 0.80 0.80 0.83 

Species richness (S) 10.13 12 16.22 

 

The Sorenson’s similarity coefficient was used to detect similarities among the plant community types. 

The overall similarity values in species composition between the communities ranged from 41.15 to 50%. 

High similarity coefficient (Sc= 50%) was observed between community II and III and low similarity (Sc 

= 41.15%) was observed between community I and community III. Community II and III had better 

levels of similarities located relatively at higher altitudes than Community I. In addition, the lower level 

of similarity between lower and higher altitudes could be due to the smaller number of common species 

between them and the lower altitude might be exposed to human interference. Generally, the three plant 

community types had different in species diversity, species richness, species composition and species 

density. Moreover, application of management strategies contributed for the formation of complex 

communities (Ganatsas et al., 2012).  

 

Based on a hierarchical cluster analysis using Ward’s method and Euclidean distance in R-software, two 

clusters were identified in the CGL: community type I (lower altitude), and community type II (higher 

altitude) (Figure 8).  
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Figure 8. Dendrogram representing plant community types of the communal grazing land (Agglomerative 

coefficient:  0.83) 

I.  Community type I was formed from aggregate of quadrats from the lower altitude, which was 

represented by 32 species and 15 quadrats. The altitudinal range of this community was from 1620 to 

1748 m a.s.l and at a slope of 5 to 40%. Woody species dominant in this community were like, Acacia 

tortilis, Acacia asak, Eucalyptus camaldulensis and Gomphocarpus fruticosus.  

II. Community type II was formed from aggregate of quadrats from the higher altitude, which was 

represented by 33 species and 12 quadrats. This community type was distributed and is situated at 

altitudinal ranges from 1631 to 1930 m.a.s.l and at a slope of 10 to 45%. This community was mainly 

comprised of   Euclea racemosa, Carissa spinarum, Acacia tortilis, Gomphocarpus fruticosus and 

Dichrostachys cinerea. 

Woody species density across the community at CGL indicated that community type II was the highest in 

total count of shrubs and trees (4618.75 individuals per hectare). On the other hand, community types I 

was found to have the least average counts of woody species with an average 3465 individuals per 

hectare. This was associated with the area where there is relative disturbance due to higher grazing and 

browsing by livestock and it was located towards the most populated villages. 

Species diversity across the community at CGL indicated that community type two (II) had highest 

woody species diversity (1.87) and species richness (10.83) (Table 5). The least species diversity and 

species richness was recorded in community type one (I) which has (1.82) and (9.87), respectively.  
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Table 5. Shannon diversity indices, species richness and evenness of the plant communities at communal 

grazing land 

 Community type 

I II 

Species Diversity (H’) 1.82 1.87 

Species evenness (E) 0.63 0.65 

Species richness (S) 9.87 10.83 

 

The low species richness of community type one may be due to anthropogenic disturbance. However, 

community type one had more evenness than the community type two.  

The Sorenson’s similarity coefficient was used to detect similarities among the plant community types. 

The overall similarity values in species composition between the two communities of CGL were 70.77% 

indicating the entire vegetation is moving to homogenous type.  

Conclusions  

This comparative analysis, which has been done between PNV and the adjacent CGL of Gra-Kahsu 

natural vegetation showed the impacts of conservation strategies like, area ex-closures. Following this 

conservation strategy an improvement in the floristic composition, density, richness, diversity indices, 

BA, IVI, population structure, and regeneration of woody species were observed in the PNV of Gra-

Kahsu. In addition, the type and quality of woody species showed variation in the two land use systems. 

Highly preferred and multipurpose woody species frequencies were increasing in the PNV whereas 

decreasing from the adjacent CGL with similar scenery. Though the PNV, which was under better 

conservation practices, still the values indicated that least valuable species like, Euclea racemosa and 

Carissa spinarum were found increasing that urge further attention in addition to the existing 

conservation practices. The population structure analysis showed more irregularities in which the 

regeneration of most important tree species was hampered, suggesting an urgent need for a conservation 

plan to promote sustainability of the woody vegetation resources. Moreover, the relative higher 

regeneration status recorded for shrubs could be indicator of the gradual move of the natural vegetation 

towards shrub land in the PNV that call-up timely attention in its conservation practices. Therefore, to 

maximize the benefit coming out of the natural vegetation, it is not only the greening, density, and 

biomass that matter, rather need proper floristic analyses on the types and qualities of existing and 

emerging species that leads to informed planning in order to implement proper conservation strategies and 

practices. 

This comparative analysis of the natural vegetation in the two land use systems could be taken as a 

benchmark and lessons for enhancing the existing wide-scale conservation practices in-line with Climate 

Resilient Green Economy (CRGE) mainstreamed development plan of the country. In addition, the 

findings provide basic information for local decision making, which could enhance establishment and 

management of the natural vegetation in the complex mountains and unique landscapes in the southern 

part of Tigray, North Ethiopia. In conclusion, these types of comprehensive floristic analysis and 

comparative analysis contribute to see the impact of conservation practices on the natural vegetations for 
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countries like Ethiopia, intensively practicing wide-scale conservation activities in the degraded 

landscapes.  
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Abstract 

This study was conducted to evaluate the effects of feeding of inclusion of different levels of methionine 

and lysine on egg production and subsequent performance of Lohmann silver layers in poultry farm of 

Debrezeit Agricultural research center. 360 laying hens and 54 cocks of mature Lohmann silver breeds of 

similar age and weight group were used for this study. The birds were randomly allocated into six 

treatment groups of 60 birds in each treatment with three replications consisting of 20 layers each and 

three cocks. The birds were kept in deep litter floor housing covered with teff straw litter material. The 

treatment rations were T1: Standard layers diet without Met or Lys, T2=0.6% Lys and 0.2% Met, T3=Only 

0.7% Lys, T4=Only 0.3% Met, T5=0.7% Lys and 0.3% Met, T6=0.8% Lys and 0.4% Met. The result 

showed that there were significant (P<0.001) difference in average daily DM intake between treatments 

and control group. The DMI of birds in T2 (93.9 ± 2.5) and the control group (T1) (92.3 ± 1.8) resulted in 

lower dry matter intake than the rest treatments. The average DMI of T3 (102.4 ±1.6), T4 (95.9 ±1), T5 (99.2 

± 0.4) and T6 (100.5 ± 1.4) were statistically similar however, T3 resulted in higher DMI than the other 

treatments.  Birds in T2 and T1 recorded lower HDEP, HHEP, egg mass and FCR, respectively. Even 

though T3, T4, T5 and T6 had statistically similar HDEP, HHEP, egg mass and FCR results, T3 resulted in 

numerically higher than T4 and T5, respectively. Lower net return was resulted under T2 (8.8) and the 

control group (1.5). Birds in T3, T4, T5 and T6 resulted in higher net return but T3 resulted in higher NR 

(33.9) and MRR (5.5) than the rest treatment groups. Body weight change, mean percent mortality and 

average egg weight did not vary (P>0.05) among dietary treatments. Based on the results of this study, 

T3 is more limiting amino acid than sole methionine on production performance. Therefore, T3 appeared 

to be a diet of good feeding value, more economical or reasonably cheaper ration which can be used as 

amino acid supplement in formulation of layers ration without adverse effects on egg laying performance.  
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Introduction 

Ethiopia is one of the few African countries with a significantly large population of indigenous chickens. 

The estimated chicken population of the country is close to 38.1 million (CSA, 2010). Ethiopian poultry 

production systems comprise both traditional and modern production systems. Ninety-nine percent of the 

poultry population consists of local breed types under small holder farm household management 

conditions. Rural poultry production contributed 98.5 and 99.2% of the national egg and poultry meat 

production, respectively (Tadelle et al., 2002), with an annual output of 72,300 metric tons of meat and 

78,000 metric tons of eggs (Hailemariam et al., 2006). 

The most frequently cited and the foremost challenge facing the sector is inadequate supply and poor 

quality of poultry feeds. The significance of feed availability and quality and information on alternative 

feed sources in poultry production cannot be overemphasized, since birds are entirely dependent on the 

feed offered by the owner and the feed is the major cost of production, especially under commercial 

production systems (Negussie et al, 2005). Solomon (1996) reported that there are shortage of protein 

supplements, vitamins and minerals which are needed for the formulation of balanced ration. Lack of 

fortified poultry feeds makes it necessary to raise poultry on scavenging, and this in turn results in low 

production. In contrary to this, because of the high nutrient content of eggs that requires transfer of feed 

nutrients from the circulatory system of the birds and the high level of production of modern layers, the 

nutritional requirements of birds are very high.  

Although there is an international standard for individual nutrient requirement of mature laying hen per 

day, what has been practically observed in our country is that the diet offered are unbalanced and 

inadequate in certain nutrients. This could be, on one hand, the lack of local information on the amount of 

inclusion of a given nutrient in the ration, or on the other hand, the failure of feed producers to prepare 

and sale standard well balanced ration. Hence, it is becoming difficult to enforce feed producers to abide 

with the rule and regulation to offer standardized diet to poultry producers, because of absence of local 

information to check the formula feeds. Therefore, the production and expansion of poultry production 

could be constrained by lack of proper formulation of poultry ration, particularly protein and amino acid 

supplementations. 

In poultry feeding, high cereal diet could best be supplemented with mixtures of plant and animal protein 

sources such as meat, blood and fish meals. Unfortunately, the inclusion of animal origin protein sources 

in to poultry ration is faced with an occasional ban by regulation. Therefore, looking for potential protein 

sources aimed at providing some of the critical amino acids requirement of mono-gastric animals 

particularly that of poultry is a critical demand of the sector. The common method that has been used to 

fulfill the shortage of critical amino acids in the poultry industry is inclusion of synthetic amino acids 

such as methionine and lysine in poultry ration. According to Annie (2010) the primary ingredients in the 

current poultry rations are corn and soybean meal. Methionine content of maize grain (0.16% available 

methionine) is extremely low and soybean meal (0.61% available methionine) can be considered as 

moderate in its available methionine content, but its availability limits its use. For these reasons, it is the 

standard in poultry rations to include supplemental synthetic methionine and lysine. These synthetic 

sources typically are DL-methionine and L-lysine.  
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Supplementation of lysine and methionine into poultry diets improves the efficiency of protein utilization. 

Methionine is the first limiting amino acid followed by lysine which is highly important for performance 

of layers. Therefore, it has to be at the correct level in the diet. The level of the first limiting amino acid in 

the diet normally determines the use that can be made of the other essential amino acids. If the limiting 

amino acid is present at only 50% of the requirement, then the efficiency of use of the other essential 

amino acids will be limited to 50% (Robert, 2008). This implies the need for proper inclusion of the first 

limited amino acids which affect the utilization of the other essential and non-essential amino acids in the 

formulation of poultry feeds and their performance. 

 

Amino acid recommendations for laying hens are published by the National Research Council (NRC) 

(1994). However, the experiments upon which these requirements are based did not account for different 

areas and different environmental conditions and they are performed under different experimental 

conditions with different basal diets, genetic lines, feed consumption rates, egg production rates health 

status, and body weights (ages) of laying hens, all of which influence the amino acid requirements. Since 

multiple factors affect amino acid requirements of laying hens, it is obligatory to obtain the actual amino 

acid requirement and its effect on laying hen according to the local situation. Some works have been done 

on layers to attain better productive performance regarding different inclusions of oil seeds by products 

such as soybean meal and brewery by-products as they are supposed to be good sources of critical limited 

amino acids like methionine and lysine. But no attempt has been so far made to evaluate the effect of 

different level of synthetic methionine and lysine in poultry rations under Ethiopian condition in relation 

to production and quality of eggs. This implicates that the right level of amino acids on egg production 

and quality under the prevailing condition is not well addressed. Therefore, it is imperative to generate 

information and avail local data on the appropriate level of amino acids particularly methionine and lysine 

on egg quality parameters. Thus, the present experiment was designed with the following objective:  

 

To determine the effect of different levels of methionine and lysine inclusion on egg production 

parameters of Lohmann silver layer chickens.  

 

 

Material and Methods 

Description of the Study Area 

The study was conducted at Debre Zeit Agricultural Research Centre (DZARC). Debre Zeit is found in 

the central highlands of Ethiopia. The center is located at about 45 km southeast of Addis Ababa. The 

area has an altitude of about 1900 meters above sea level, with average annual rainfall of 849 mm. The 

average minimum and maximum temperatures ranges from 10.5 to 26.10 C with a mean value of 18.7 0 C. 

The average relative humidity is 58.6 percent (DZARC, 2001).  
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Ingredients and Experimental Rations 

Table 2. Proportions of ingredients used in formulating the experimental rations 

                               Proportion of feed in the mix (%) 

Ingredients T1 T2 T3 T4 T5 T6 

Maize 48 51 51 51 51 51 

NSC 17.23 17.76 14.08 14.15 14 14 

SBM 15 11.3 15 15 15 15 

WM 10 10 10 10 10 10 

Limestone 8 8 8 8 8 8 

vit. Premix 1.47 1.47 1.47 1.47 1.47 1.47 

Salt 0.3 0.3 0.3 0.3 0.3 0.3 

Lysine 0 0.15 0.15 0 0.15 0.27 

Methionine 0 0.02 0 0.08 0.08 0.18 

Total 100 100 100 100 100 100 

NSC= Nug seed cake; SBM= soybean meal; WM=Wheat middling; Vit=vitamin 

Experimental Design and Treatments 

Completely randomized design involving six different rations was employed. The different rations 

contained Lysine and Methionine combinations was at the rate of 0: 0, 0.6: 0.2, 0.7: 0, 0.3: 0, 0.7: 0.3 and 

0.4:0.8 kg /100kg feed representing T1, T2, T3, T4, T5 and T6, respectively (Table 2). The control diet 

(T1) was commercial layers ration without Methionine and Lysine. All rations were prepared at the farm.  

Table 3. Layout of the treatments 

Treatment 

Group Rations of Lys to Met No. of pen Hens per pen Total No. of hens 

T1 Diet without Met and Lys 3 20 60 

T2 

 

0.6% Lys & 0.2% Met 

 3 20 60 

T3 

Only 0.6% Lys/100kg feed 

 3 20 60 

T4 

Only 0.3% Met/100kg feed 

 3 20 60 

T5 0.7% Lys & 0.3% Met/100kg feed 3 20 60 

T6 0.8% Lys & 0.4% Met/100kg feed 3 20 60 

 

Each treatment was replicated in three pens each with twenty birds of Lohmann silver chicken. The basis 

for establishing the treatments was the recommended level of methionine and lysine as applicable to 
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temperate areas, i.e., 0.7 kg methionine and 0.3 kg lysine per 100kg of formulated feed, respectively 

(NRC, 1994). Accordingly, the treatment rations consist of the recommended level of methionine and 

lysine, one unit lower and higher than the recommended level of lysine and methionine combinations and 

sole inclusions of the two amino acids at recommended level.   

Management of Experimental Chickens 

A total of 414 chickens i.e. 360 laying hens and 54 cocks of mature Lohmann silver breeds of similar age 

and weight group were used for this study. The birds were randomly allocated into six treatment groups of 

60 birds in each treatment with three replications consisting of 20 layers each and three cocks. All health 

precautions and disease control measures were taken throughout the study period according to the 

procedure followed by the poultry farm of the center. Vitamins were given through drinking water 

according to the manufacturer’s recommendation. The birds were kept in laying pens in an open-sided 

concrete floor house. The houses were partitioned by wire-mesh in to pens with 3x3m dimension on deep 

litter floor housing covered with teff straw litter material of 10 cm depth. The wet litter was changed with 

dry and clean teff straw in monthly interval. The diet was offered to the birds ad libitum in a group 

throughout the experimental period and water was available all time. Two feederers, two watering troughs 

and one laying nest were arranged properly for each pen. The feeding and watering troughs were cleaned 

every morning. Feed was offered in hanging tubular feeders, which was suspended approximately at a 

height of the backs of the birds and water was provided in plastic fountains. The experiment was lasted 

for 12 weeks. 

Measurements and Observations 

Chemical analysis of the feed sample 

Representative samples were taken from each of the feed ingredients used in the experiment and analyzed 

before formulating the actual dietary treatments. Samples of the six rations and respective leftovers which 

were collected daily, bulked and sub samples were taken for chemical analysis. Dry matter (DM), ether 

extract (EE), crude fiber (CF) and ash were analyzed according to AOAC (1990). Nitrogen (N) content 

was determined by Kjeldahl method and Crude protein (CP) was calculated as Nx6.25. Calcium (Ca) and 

total phosphorous (P) were determined by atomic absorption spectrometry (FAO, 1980). The total 

metabolizable energy (ME) was determined by using the formula of Wiseman (1987) as follows:  

ME (Kcal/kg DM) = 3951 + 54.4 EE – 88.7 CF – 40.8 Ash 

Feed intake: A weighed amount of feed was offered twice a day at the same time in the morning (8:00 

am) and in the afternoon (2:00 pm) throughout the experiment period. Refusals were collected daily 

before offering fresh feed and weighed after removing external contaminants by visual inspection. The 

feed offered and refused were recorded and multiplied by respective DM content.  

Body weight measurement:   Body weight was taken at the start and at the end of the experiment. The 

body weight measurement was taken with a sensitive balance on a group bases and the average gain per 

pen was calculated and recorded.  
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Egg collection and Storage: The eggs were collected three times per day i.e. in the morning (9:00 am), in 

the afternoon (1:00 pm and 5:00 pm). The collected eggs were recorded and weighed daily and 

transferred to cool room (12oC) after screening out dusty, dirty, cracked and very small eggs.  

Egg production parameters:  Egg number and egg weight were recorded daily to calculate percent egg 

production and egg mass. The sum of the three collections along with the number of birds alive on each 

day was recorded and egg production parameters such as % Hen- day egg production, % Hen- housed egg 

production, egg weight and egg mass were computed: 

 Feed conversion ratio:  Feed conversion ratio was determined by calculating the total weight of feed 

consumed divided by the total egg weight per replicate. Average feed conversion ratio for each treatment 

was computed as the average of the replicates for each treatment. 

 Mortality: Deaths after the commencement of the experiment were recorded as mortality and expressed 

as percent mortality at the end of the experiment.  

Economic analysis 

For this study, the egg sale price of Debre Zeit area was (bir 1.50 per egg) was used to calculate egg sales 

to feed cost ratio. To calculate the feed cost for each treatment, the costs of feed ingredients and rations 

given used. Total variable costs (TVC) were analyzed by summation of feed cost and management cost 

where management cost was the sum of labor cost, vaccines and medicaments. The difference in egg sale 

price (TR) and expenses (TVC) was considered as net return (NR) in the analysis. The calculation was 

done according to Upton (1979) 

Statistical Analysis and Models 

A Complete Randomized Design (CRD) was employed. The data was analyzed using General Linear 

Model (GLM) of the SAS software (SAS Institute, 2004) package. Mean separation among treatments 

were carried out using Duncan’s Multiple Range Test. 

The following model was used. 

                     Yij = µ+Ti + eij 

Where:         Yij = Individual observation              

                      µ = Over all mean                            

                     Ti = Treatment effect                              

                     eij = error term    
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Result and Discussions 

Chemical Composition of Experimental Feeds 

Table 4.  Chemical composition of feed ingredients 

Ingredients 

Nutrients  Maize grain Noug seed cake Soybean mill Wheat middling 

DM (%) 91.2 92.8 98.3 88.3 

CF (% DM)  6.5 21.2 2.2 12.2 

CP (% DM) 8.9 36.9 44.2 15.6 

EE (% DM) 6.3 7.1 8.3 4.7 

Ash (% DM) 7.4 9.8 6.9 8.2 

Ca (% DM) 0.2 0.4 0.3 0.3 

ME (kcal/kg)  3402.4 2059.1 3925.1 2789.6 

 

 

Table 5. Chemical composition of treatment diets containing different levels of Methionine and    Lysine 

 Treatments 

 

Chemical 

components 

  

(Control) 

T1 

(0.2%Met 

& 0.6%Lys) 

T2 

(0.7 % Lys) 

 

T3 

(0.3%Met) 

 

T4 

(0.7%Lys 

& 0.3%Met) 

T5 

(0.8%Lys 

& 0.4%Met) 

T6 

DM (%) 91.8 91.5 91.6 90.9 91.5 91.8 

CF (% DM) 8.5 8.3 8.8 8.6 8.9 8.7 

CP (% DM) 16.6 16.9 17.2 17.6 18.4 19.8 

EE (% DM) 3.7 3.9 4.5 4.2 3.8 3.7 

NFE (% DM) 50.8 48.4 46.1 50.1 47.1 49.8 

Ca (% DM) 1.1 1.2 1.0 1.1 1.1 1.2 

P (% DM) 0.3 0.2 0.2 0.3 0.21 0.3 

Ash (% DM) 12.7 12.8 13.5 13.1 12.6 12.8 

ME (kcal/kg)  2876.9 2901.4 2864.0 2882.2 2853.8 2857.5 

SD=standard layers diet; Met = methionine; Lys = lysine; T1= Control (standard layers diet without met 

and lys)  

Dry Matter Intake  

 

The result revealed that failure to meet the standard level of lysine and methionine at lower level 

decreases feed intake. The average dry matter intake (g/d/hen) of T3, T5 and T6 were statistically similar. 

However, the hens fed with diet fortified with 0.7% lysine only (T3) resulted in higher DMI than the birds 

consumed only 0.3% methionine. This result showed that inclusion of standard level of sole lysine at least 

numerically improved DMI than the other treatments (Table 5) indicating its impact than methionine and 

their combination on feed intake. The significant difference in daily feed intake between the control and 

treatment groups were in agreement with the report of Andrew et al. (2008) who conducted a study to 

determine the optimal methionine plus cysteine to lysine ratio in Hy-Line W-36 hens and reported feed 

consumption increased as the Lysine level increased from 0.79-0.97%. Similar result was reported by 

Mukhtar et al. (2007) who reported that adding increasing levels of L-lysine and DL-methionine to 
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broilers rations caused a sequential increase in feed intake and growth response. The current study 

disagrees with the findings of Garcia et al. (2005) who evaluated the effect of three Met + Cys levels (0.7; 

0.875 and 1.05%) and two lysine levels (1.10 and 1.375%) on egg production and quality of laying 

Japanese quails. Their result revealed that, feed intake was not affected by the increase in lysine and 

Met+Cys levels. Similar result was reported by Islam and Ramy (2009) that methionine and folic acid 

levels up to 0.40% and 20 mg/kg respectively had no effect on the amount of feed intake. 

 

Body Weight gain 

There were no significant (P>0.05) differences in average daily weight gain of the birds under inclusion 

of different level of methionine and lysine between treatments. These findings were in agreement with the 

reports of Harms and Russell (2003) that a reduction in methionine from 0.36 to 0.30% of the diet of 

single comb hens from 45 to 54 wk of age did not affected body weight. Similar results were reported by 

Islam and Ramy (2009) that methionine and folic acid levels up to 0.40% and 20 mg/kg, respectively had 

no significant differences in live body weight gain between the experimental treatments of Lohmann 

Brown laying hens.   

 

Table 6. Mean values of dry matter intake, body weight change, and mortality of Lohmann silver 

 (LS) chickens fed diet fortified with different levels of lysine and methionine 

Treatments 

Parameters T1 T2 T3 T4 T5 T6 SEM SL 

IW (g/hen) 1435.8c 1458.9bc 1547.6ab 1596.5a 1488.3bc 1514.7abc 26.2 * 

FW (g/hen) 1487.7 1537.17 1605.03 1550.3 1475.2 1548.67 36.8 NS 

BWG (g/hen) 0.033 0.053 0.051 -0.04 -0.08 0.03 0.03 NS 

DMI (g/hen/day) 92.3c 93.9c 102.4a 95.9bc 99.2ab 100.5ab 1.14 *** 

Mortality (%) 10 8.3 16.7 11.7 8.3 10 2.05 NS 
a,b,c = the mean values in the same raw with different superscripts are significantly different; *=(P<0.05); 

*** = (P<0.001); NS= non-significant (P>0.05);  BWG = body weight gain; DMI = Dry matter intake; 

IW =initial weight; FW =final weight; SEM= standard error of mean; SL= significance level. Values are 

means. 

In contrast, the result disagrees with the findings of Muktar et al. (2007) who reported that adding 

increasing levels of L-lysine and DL-methionine to deficient diet in both essential amino acids resulted in 

a significant increase in body weight gain in broilers. The current experimental chickens were in their 

second phase of production (50 to 62 weeks) and they attained mature body weight, which must be the 

reason for absence of significant difference in body weight change between all groups, indicating that 

inclusion of different levels of methionine and lysine in mature layers do not affect body weight.  

http://ps.fass.org/cgi/content/full/87/8/1595#HARMS-AND-RUSSELL-2003
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Mean percent mortality 

Although the percentage difference among the treatments was high, the result of the statistical analysis 

showed no significant (P>0.05) difference in percentage mortalities. The overall mortalities recorded 

were similar to those reported in layers which were between 12% (Petek, 1999, and Amin et al.., 1995) 

and 14.2% (Singh et al., 1995). The cause of mortalities of the hens during the entire experimental period 

was due to reproductive prolapse. In the study conducted on the same farm higher rate of death as a result 

of reproductive prolapsed in Lohmann silver strain of layers were reported (Aregaw, 2010). Usman and 

Diarra (2008) also reported 9.4% egg prolapsed cases in egg type layers. Egg prolapse has become one of 

the major issues in egg type layers during the past few years and it caused higher mortality and resulted in 

huge economic losses (Tablante et al., 1994).   

 

Egg Production 

 

The depression in laying performance observed in T2 and the control group might be related to reduced 

feed intake. According to Sohail et al. (2002) lack of sulfur amino acids in the diet resulted in reduced 

laying performance and inclusion of sulfur amino acids in the diet removed depression in laying 

performance within one week. Even though T3, T4, T5 and T6 had statistically similar results for these 

parameters, T6 and T3 resulted in numerically higher HDEP and HHEP than T4 and T5. The highest laying 

performance of birds fed diet consisting sole Met or Lys or their combination at least at recommended 

level showed the importance of fortifying layers ration formulated from ingredients used in the present 

study with these amino acids. This result agreed with that of Andrew et al. (2008) who reported that 

increasing methionine plus cysteine to lysine (Met+Cys/Lys) ratio in the diets of 160 Hy-Line W-36 hens 

increased egg production and lowering the Met+Cys/Lys ratio in the diet had an adverse effect on egg 

production. 

 

Table 7. Mean values of egg production performance and FCR of Lohmann Silver (LS) chickens 

 fed diet fortified with different levels of methionine and lysine 

Treatments 

Parameters T1 T2 T3 T4 T5 T6 SEM 

 

sign 

Total Egg (no) 693.5 b 823.5 b 1227.4 a 1168.7 a 1140 a 1290.4 a 51.58 *** 

HDEP (%) 42.8 b 49.9 b 81.5a 73.5a 69.2 a 79.6 a  2.57 *** 

HHEP (%) 38.5b 45.7b 68.2 a 64.9 a 63.3 a 71.7 a 2.86 *** 

AVEW (g) 60.5  59.9  60.8  60.2  59.9  60.6   0.35 NS 

EM (g) 24.2 a 28.8 a 44.2 b 41.1 b 39.1 b 45.3 b  1.56 *** 

FCR 3.56 a 2.99 b 2.03d 2.15 dc 2.41 c 2.1 d   0.1 *** 
a,b,c= the mean values in the same raw with different superscripts are significantly different; NS= non 

significant (P>0.05); ***=(P<0.001); AVEW= average egg weight; EM=egg mass; FCR = Feed 

conversion ratio; SEM= standard error of mean; SL= significance level; HDEP = Hen day egg 

production; HHEP = Hen housed egg production.   
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In study conducted to examine the effect of methionine, folic acid and vitamin B12 combination on laying 

performance of Bovans, Huseiny et al. (2008) reported that feeding high level of methionine gave higher 

egg production. The result was disagreed with Keshavarz (2003) and Safaa et al. (2008). The authors 

reported that feding diets containing either 0.32 or 0.27% methionine to single comb white leghorn hens 

did not induce change in hen productivity. The results of the current study indicated that reducing the 

methionine and lysine level in layers ration below the standard level i. e. 0.3% and 0.7%, respectively 

resulted in low laying performance. The reason for lower laying performance of these treatments might be 

due to the deficiency in these amino acids in the regular feed ingredient. According to Sundrum (2005), 

there are no effects on animal health from feeding a suboptimal diet or low-nutrient diets, but the birds 

may not fully realizing their genetic potential.  Therefore, high-yielding animals are more sensitive to 

suboptimal feed than low-yielding animals and birds with reduced methionine levels in their diet will 

perform poorly in their production 

Egg weight and egg mass  

The egg weight in the present study is similar with that reported by Aregaw (2010) for Lohmann Silver 

layers at the same farm. There were no significant (P>0.05) differences in average egg weight among the 

treatments. The results indicated that the inclusion of these essential amino acids did not affect the 

performance of the birds in terms of egg weight. The absence of significance in egg weight between the 

treatments in the current study were in agreement with that of Summers et al. (1988) who reported that 

supplemental methionine and/ or increase in dietary protein did not affect egg weight of birds. This result 

is not in agreement with the findings of William et al. (2005) and Bertram et al. (1995) who reported that 

the increased methionine and met +syst level in the ration had significant and quadratic effect on egg 

weight when total sulfur amino acid level increased from 0.484% to 0.684%. Similarly, Islam and Ramy 

(2009) reported that increasing dietary concentration of several nutrients including methionine increased 

egg weight. Egg weight increased when DL-methionine was added from 0.3 to 0.4% in the diet. The high 

egg weight in all treatments of the current study might be due to the genetic potential of the breed and the 

age of the chickens as they were in late second phase of production during the experiment period. 

Ishibashi and Yonemochi (2003) reported that egg production rate decreases and egg size and egg weight 

increases when hens get older.  

However, inclusion of different levels of methionine and lysine significantly (p<0.01) affected egg mass. 

Birds in T2 (groups that consumed one unit below the standard Met and Lys level) and T1 (the control 

group) recorded lower egg mass compared to the other treatments, because of decreased egg production 

(HDEP). The result was in agreement with the findings of William et al (2005) and Bertram et al. (1995) 

who reported that increased methionine and met + syst level increased egg mass. Furthermore, Islam and 

Ramy (2009) reported that egg mass increased with methionine supplementation. In contrast, Garcia et al. 

(2005) did not found significant effect of Met+Cys levels on egg mass. In general, the present study 

showed that decreasing the methionine and lysine level below 0.3% and 0.7%, respectively resulted in 

low egg mass production.  

 

 

http://ps.fass.org/cgi/content/full/87/8/1595#KESHAVARZ-2003
http://attra.ncat.org/attra-pub/methionine.html#sundrum05


Ethiopian Society of Animal Production 2018 

 

216 

 

Feed Conversion Ratio 

The improved feed efficiency with increasing amino acids level might be attributed to the fact that the 

ration consisted balanced amino acids and therefore, animals are satisfied their need at relatively lower 

intake, but those with lower inclusion and the control group consume more in an attempt to satisfy their 

need which leads to poor feed conversion ratio, that is they consume more feed per output. This result is 

in agreement with William et al. (2005) who reported that feed conversion efficiency was improved as the 

level of methionine and total sulfur amino acids in the ration increased. On the contrary, Islam and Ramy 

(2009) reported that both methionine and folic acid levels up to 0.4% and 20 mg/kg respectively did not 

significantly affect FCR. In general, the result of the present study indicated that FCR is highly influenced 

by different levels of lysine and methionine inclusions in layers feed in which low level of inclusion of 

those essential amino acids negatively affect FCR.  

 

Economic Considerations 

Partial budget analysis was performed to evaluate the profitability of inclusion of different levels of lysine 

and methionine in Lohmann silver ration (Table 7). It was done by considering feed cost and other costs 

such as labor, vaccines and medicaments. To calculate the feed cost for each treatment, the cost of feed 

ingredients and rations given in appendix table 28 were used. The difference in egg sale price and feed 

cost was considered as total return (TR) in the analysis. The calculation was done according to Upton 

(1979).   

 

Table 7. Partial budget analysis for Lohmann Silver layers fed diet fortified with different levels of lysine 

and methionine 

Treatments 

Cost items T1 T2 T3 T4 T5 T6 

Feed consumed (kg) 8.9 8.3 10.1 9.2 9.5 9.7 

Feed cost (ETB) 26.7 25.9 32.8 29.6 31.1 32.7 

Total egg produced/hen 43.5 48.9 73.4 62.2 66.2 71.7 

Price of egg sale (ETB) 65.2 73.4 110.1 93.3 99.3 107.5 

Total variable cost 35.1 38.7 43.3 40.1 41.5 43.2 

Total return 38.6 47.5 77.2 63.7 68.2 74.8 

Net return 3.5 8.8 33.9 23.6 26.7 31.6 

∆NR  5.3 25.1 10.3 3.1 4.9 

∆TVC  3.6 4.6 -3.2 1.4 1.7 

MRR   1.5 5.5 3.2 2.2 2.9 

ETB = Ethiopian birr; ∆NR = change in net return; ∆TVC = change in total variable cost;      MRR = 

marginal rate of return 
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Birds in the control diets (T1) had lowest net return than other treatments. The highest net return was 

observed in T3 followed by T6   and T5. The reason for high net return observed in these groups could be 

because of the fact that the higher laying performance these groups. Generally, those layers with higher 

dry nutrient intake had higher laying performance (HDEP) consequently, higher selling price of egg earn 

higher net return. In other words, inclusion of standard level of methionine and lysine and one unit above 

the standard level in to layers diet increase the profit. Lower level of inclusion of the amino acid and the 

control group resulted in lower net return as well as lower profit.  The marginal rate of return (MRR) 

indicated that each additional unit of 1 ETB per layers cost increment resulted in 1 ETB and additional 

1.5, 5.5, 3.2, 2.2 and 2.9 ETB profit for T2, T3, T4, T5   and T6, respectively. Among the treatments 

considered, T3 was found to be more profitable when both NR and MRR are considered.   

 

Conclusions 

The result showed that there were significant (P>0.01) difference in average daily DM intake, %HDEP, 

%HHEP, Average egg mass, FCR, egg price, feed cost, ESFCR, FCPEM, and net return between 

treatments and control group. Birds in T2 and the control group (T1) resulted in lower dry matter intake 

(g/d/hen) than the rest treatments.  However, the average DMI of T3, T4, T5 and T6 were statistically similar 

however; T3 resulted in higher DMI than the other treatments. Birds in T2 and T1 recorded lower HDEP, 

HHEP, egg mass and FCR. Even though T3, T4, T5 and T6 had statistically similar results, T6 and T3 

resulted in numerically higher HDEP, HHEP, egg mass and FCR than T4 and T5, respectively. 

 

The highest laying performance of birds fed diet consisting sole Met or Lys or their combination showed 

the importance of fortifying layers ration with these amino acids. Relatively birds fed with ration 

containing lysine alone than methionine alone or in combination may indicate that lysine is more limiting 

amino acid than methionine on production performance. Although T3 recorded higher NR and MRR in 

partial budgeting, T5 and T6 are also better options for profitability. Supplementation of diets with standard 

level of sole Lys or Met or their combination were more economical than that of basal diet and lower 

level of supplementation for enhancing higher profit and higher gross income.  

 

Further research should be conducted to investigate the effect of inclusion of different levels methionine 

and lysine in different laying phase of production and the interaction effect of inclusion of different levels 

methionine and lysine. In addition, the effect of inclusion of different levels methionine and lysine under 

scavenging condition should also be looked in to.   
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Abstract 

Japan's livestock industry has seen an outstanding development, corresponding to expanding 

consumption of livestock products such as meat, milk, dairy food. Japan is still the world’s 5th largest 

compound feed producing country behind China, USA, Brazil and Mexico. The compound feed tonnage 

by animal species is split as follows: 26% layers, 16% broilers, 25% swine, 19% beef cattle, and 14% 

dairy cattle. Each prefecture in Japan has a recommended feeding system. For example, fattening 

Japanese Black cattle are fed a high-energy diet twice daily starting at 11 months of age until slaughter 

(28 to 30 months of age); the diet comprises increasing amounts of concentrate (36.8 to 86.4%) and 

decreasing amounts of roughage and constant access to water and mineral salt blocks containing 

minerals, salt, and a diuretic. The following are hallmarks of the Japanese feed industry: Total Mixed 

Rations (TMR) embraces the concept of a shared, centralized, professionally managed feeding system in 

Japan. This technology is a revolutionary break through in modern dairy farming. Preparation of TMR is 

nutritional knowledge –based diet formulation method that targets optimal rumen function and improved 

feed utilization as preconditions and allows use of local resources to reduce diet costs. Functional 

feedstuff: “HIPROGERMKASU”, starch-based protein rich feeds. It is made from the corn germ after 

extracting the corn oil, and the protein contents become high value. 'Eco-feed'-Recycling Feed; the use of 

food waste as a protein source for animal feed. The Japanese food industry recycles 70 percent of its 

leftovers. The Japanese focus on “cows before crops” by leasing their farm ground to professional 

growers and on providing consistently high-quality TMRs may be worth emulating. Transfer of 

technologies to developing countries by modification of technologies suit to the field in collaborative 

research on sustainable animal production should get attention. The concept of a shared, centralized, 

professionally managed feeding system which can deliver tailor-made rations to dairy units located 

within a reasonable trucking distance may be an idea we can finally adapt from the Japanese. 

Key words: total mixed ration, feeding efficiency, Eco-feed and Dairy Development. 
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Introduction  

Japan's livestock industry has seen an outstanding development, corresponding to expanding consumption 

of livestock products such as meat, milk, dairy food. Nutritional management programs must consider 

many factors including the growth rate, feed efficiency, health, animal welfare, disease intolerance, and 

the intramuscular fat accumulation. The Japanese feed industry cannot live without foreign grain growers 

and traders. Nearly three-quarters of feed ingredients in Japan are currently imported.  

There are about 20,000 dairy farms in Japan with about 7,200 (36 percent) of those in Hokkaido. Those 

dairies are milking 57 percent of the 822,000 total dairy cows in Japan. While Japan ranks relatively low 

in the world for dairy cow numbers (13th), they rank third for milk production per cow behind the U.S. 

(first) and South Korea (second). Even speaking modestly, Japan is still the world’s 5th largest compound 

feed producing country behind China, USA, Brazil and Mexico, and its volume is notably higher than that 

of any single European country. With an annual production volume of around 24.5 million tones in recent 

years, the Japanese feed market, during the last two decades has witnessed a slight decline, following the 

trend of number of livestock animals. The outlook in the years ahead is expected to remain unchanged 

(Kaori, 2015). What lags somewhat behind are the quality of homegrown forages and the high cost of 

imported cereal and protein feeds.  

So, the country focuses on the animal feeding technological development for efficient feeding such as 

Total Mixed Ration (TMR) feeding techniques.  

Although the livestock industry is one of the most important agricultural sectors in Japan, representing 

28.5% of total agricultural output, Japan depends heavily on imports for feed supplies. In the 2007 fiscal 

year, 75% of the 25 286 000 metric tons of feed in terms of total digestive nutrition (TDN) consumed in 

Japan was imported (Sugiura et al., 2009). The Japanese food industry recycles 70 percent of its leftovers. 

About half is made into feed, 5 percent into methane and the rest into fertilizer. Today, Japan and South 

Korea respectively recycle 35.9% and 42.5% of their food waste as animal feed. A key driver behind the 

government’s promotion of food waste recycling has been the country’s high dependency on natural 

resource imports. Japan’s self-sufficiency of feed for livestock was as low as 26 percent in 2011, implying 

that the vast majority of it was actually imported from abroad.  

Ethiopia holds large potential for dairy development due to its large livestock population, the favorable 

climate for improved and the relatively disease-free environment for livestock (Ahmed et al., 2003). 

Dairy systems in developing countries continue to intensify in response to increasing human populations, 

declining land per head of population and increasing demands for animal source foods (Duncan et al., 

2013). Thus, this paper briefly reviews the animal feed technologies and dairy development in Japan to 

transfer the knowledge and experience for Ethiopia. This will enable the drawing on of experiences for 

improvement in feed and dairy production and sustainability. 
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Feed Technologies  

Compound feed industry 

The compound feed tonnage by animal species is split as follows: 26% layers, 16% broilers, 25% swine, 

19% beef cattle, and 14% dairy cattle (Kaori, 2015). The top seven compound feed producers account for 

nearly three quarters of total domestic demand. They have longstanding business developments and stable 

market positions. Opportunities for new entrance and consolidation are limited, seeing the mature stage, 

but more importantly, the intrinsic mentality and culture in this industry to keep away from fierce 

competition and takeover (Kaori, 2016).  

 

Functional feedstuff:“HIPROGERMKASU” starch-related products, containing much protein. 

“HIPROGERMKASU” is made from the corn germ after extracting the corn oil, and the protein contents 

become high value. The formula feed for farm animals is made by mixing or processing to arrange the 

balance of nutrients. “HIPROGERMKASU” contains over 30% protein and highly increases the 

nutritional value of feedstock by mixing, so the estimation will be good. Highly functional feedstuff 

“HIPROGERMKASU” to go on sale Japan Corn Starch Co., Ltd. provides good feedstuff. Japan Corn 

Starch Co., Ltd. (Minato-ku, Tokyo; Soichiro Kurachi, president), a comprehensive producer of starch-

related products, starts selling highly functional feedstuff “HIPROGERMKASU” containing much 

protein. The production line of “HIPROGERMKASU” will be started from December 2015, and the 

capacity is 20 thousand tons for a year. The other formula feed made from corn such as “corn gluten 

meal” and “corn gluten feed” is also continued the supply. Japan Corn Starch Co., Ltd., as a 

comprehensive producer of starch-related products and feed products, will continue in effort to reply to 

the customer and supply the products of "relief”, “security" and "the high quality" by "the perfect supply 

system". 

 

'Eco-feed'-the use of food waste as a protein source for animal feed. Besides, residues of consumer foods 

available for recycling which are called 'Eco-feed'are also actively promoted in the use of feed in Japan. 

It has a specialised process chain to approve the safety and quality before the eco-feed is delivered to 

livestock farms(Katsuaki et al., 2009). 

Due to the price hike of imported grains for feed, the production of Ecofeed, feed produced from recycled 

food waste, has increased in recent years. The guidelines also include measures that should be taken to 

prevent the spread of bovine spongiform encephalopathy when producing and using Ecofeed. A 

certification system was introduced in March 2009 to ensure the quality and safety of Ecofeed and thus 

promote its use. 

Byproduct and alternative feedstuffs are ingredients that are usually available in localized areas and are 

not the primary output of some food or ingredient manufacturing process. Some byproduct feeds have 

become so commonplace that they are now considered. The increasing use of further processed foods and 

https://www.researchgate.net/profile/Katsuaki_Sugiura
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ingredients in the human food industry has continued to increase the number and amounts of these 

byproduct or coproduct feedstuffs available for use in the animal feed industry (James, 2017). 

Due to the price hike of imported grains for feed, the production of Ecofeed, feed produced from recycled 

food waste, has increased in recent years. Food dregs from the food and beverage processing industry and 

out-of-date food from supermarkets and convenience stores are most often used as raw materials for 

Ecofeed. As food waste usually contains a lot of moisture and is easily spoiled, guidelines prescribing 

measures to be taken when collecting, transporting and storing raw materials, and for the production, 

shipment, storage and use of Ecofeed products, have been developed to ensure the safety of Ecofeed. The 

guidelines also include measures that should be taken to prevent the spread of bovine spongiform 

encephalopathy when producing and using Ecofeed. A certification system was introduced in March 2009 

to ensure the quality and safety of Ecofeed and thus promote its use. 

 

Besides, residues of consumer foods available for recycling which are called 'Eco-feed' are also actively 

promoted in the use of feed. The volume growth during the last 10 years is significant and is expected to 

continue increasing, supported by structural plans. It has a specialized process chain to approve the safety 

and quality before the eco-feed is delivered to livestock farms. Furthermore, as consumers can also see 

the label on the animal protein products that the livestock animals are produced feeding the eco-feed, the 

initiative aims to lead to larger recognition and support by the society.  

 

Recycling Food for Animal Feed in Japan 

 

Accordingly, in line with the Japanese definition, the term of food waste in the context of this paper refers 

to any displaced food that was meant for human consumption, together with any unavoidable (inedible) 

waste that falls outside of the food supply chain (Liu et al., 2018). Japan disposes of about 20 million tons 

of food waste a year, five times the amount that was given as food aid to the world's poor in 2007. In 

addition to being a waste of food the food also takes up landfill space and decomposes producing 

methane, a greenhouse gas, or is incinerated. With prices for animal feed and fertilizers reaching record 

highs in 2008, there was greater demand for food pellets for pigs and poultry made from recycled 

leftovers. Recycled feed is about 50 percent cheaper than regular feed. The Japanese food industry 

recycles 70 percent of its leftovers. About half is made into feed, 5 percent into methane and the rest into 

fertilizer.  

 

A key driver behind the government’s promotion of food waste recycling has been the country’s high 

dependency on natural resource imports. Japan’s self-sufficiency of feed for livestock was as low as 26 

percent in 2011, implying that the vast majority of it was actually imported from abroad. With the Basic 

Plan for Food, Agriculture, and Rural Areas, the Japanese government set the objective of rising feed self-

sufficiency to 38 percent by 2020 through the production of eco-feed via the implementation of recycling 



Ethiopian Society of Animal Production 2018 

 

225 

 

loops. This innovative concept sought to engage young people in cultivation, preservation, cooking, and 

sale of their own urban food products.  

 

Today, Japan and South Korea respectively recycle 35.9% and 42.5% of their food waste as animal feed. 

In these countries, the industry is tightly regulated: the heat treatment of food waste is carried out by 

registered “Ecofeed” manufacturers, who are required by food safety law to heat treat food waste 

containing meats for a minimum of 30 minutes at 70°C or 3 minutes at 80°C. Food waste feed is typically 

fed as a dehydrated pellet, or a fermented, liquid feed – both technologies have been shown to sterilise the 

food waste and increase the feed shelf life without destroying nutrients. Since the introduction of these 

regulated systems, there have been no swill-associated outbreaks of disease. In Japan swill has 

consistently grown (by 125% from 2003-2013. 

In Japan and South Korea, swill is seen as a strategic resource: it is a cheap, domestic alternative to the 

more expensive, volatile international market for grain- and soybean-based feeds. Pigs reared on food 

waste produce pork of high quality – practically indistinguishable from grain-fed pork. And though swill 

fed pigs tend to grow more slowly than when fed conventional, grain-based feed, because swill has a 

more variable nutritional content, the costs of slower growth are more than offset by the savings in feed 

costs. Swill costs half as much as grain-based feed (Figure 1) and is popular: the use of swill has 

consistently grown in both countries (by 125% in Japan from 2003-2013 and by 35% in South Korea 

from 2001-2006). 

 

Fig. 1 price of conventional and eco feed (Phalan et al., 2015) 
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Food recyclers tend to use leftovers from convenience stores and restaurants, where strict health laws 

require food to be thrown after one day. Food from households is not used because the food is often in 

bad condition. The government is trying to encourage retailers and restaurants---which produce 11 million 

metric tons a of food waste a year and often pay hefty fees to have food waster hailed away---to work 

close with feed-recycling companies. 

 Recycle food taken to a plant is first sorted to remove skewers plastic trays and plastic wrap. The food 

waste is turned into two kinds of dry feed---one rich in fat and protein and another that is mostly 

carbohydrates after a final heating process---and a liquid type of feed made from pasteurized drinks and 

chopped vegetables. The Japanese food industry recycles 70 percent of its leftovers. About half is made 

into feed, 5 percent into methane and the rest into fertilizer.  

 

 

Fig 2. Eco-feed utilization percentage  

A key driver behind the government’s promotion of food waste recycling has been the country’s high 

dependency on natural resource imports. Japan’s self-sufficiency of feed for livestock was as low as 26 

percent in 2011, implying that the vast majority of it was actually imported from abroad. With the Basic 

Plan for Food, Agriculture, and Rural Areas, the Japanese government set the objective of rising feed self-

sufficiency to 38 percent by 2020 through the production of eco-feed via the implementation of recycling 

loops. The global rising in the prices for fuel, corn and soy meal made imported agricultural products 

destined to livestock as much as 50 percent more expensive, which enhanced the popularity of locally 

recycled feed. 
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Figure 3 Number of Eco feed plants by type of food waste in Japan (Sugiura, et al., 2009)   
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Fig. 5 

Examples of Ecofeed production procedures (Sugiura, et al., 2009)   
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Table 1. Disposal of food waste in Japan 

Food waste source  Generation 

(t/annum) 

Disposal 

Incineration/landfill 

Recycled 

Compost 

Feed Other Total 

Municipal Waste 16 000      

Commercial waste 6 000 15 950 50 - - 50 

Household waste 10 000 (99.7%) (0.3%)   (0.3%) 

Industrial Waste 3 400 1 770 

(52%) 

470 

(14%) 

1 040 

(31%) 

120 

(3%) 

1 630 

(48%) 

Total commercial 

waste (Total - 

Household waste) 

9 400 7 750 

(83%) 

490 

(5%) 

1 040 

(11%) 

120 

(1%) 

1 650 

(17%) 

Total 19 400 17,720 

(91%) 

520 

(3%) 

1 040 

(5%) 

120 

(1%) 

1 680 

(9%) 

Source (Kawashima, 2004).  

Table 2 Chemical composition of dehydrated meal manufactured from garbage by fry cooking (n=59) 

(%). 

Item Organic matter Crude protein Crude fat Carbohydrates 

Mean 92.2 23.4 9.7 59.1 

Maximum 94.7 25.8 12.4 67.7 

Minimum 90.2 19.8 7.2 52.0 

SD 0.9 1.2 1.4 1.8 

 Source: Sayeki et al., (2001) 

 

Antimicrobial Feed Additives: are used in a limited way under the Feed Safety Law regulation on 

amount in feed, target livestock species and growth stages. Antimicrobial feed additives are used in a 

limited way under the MAFF regulation on amount in feed, target livestock species and growth stages 

etc., based on the Feed Safety Law.  MAFF has revoked the designation of some antimicrobial feed 

additives due to possible risk of resistant bacteria or no sales prospect, etc. e.g.) Avoparcin (Antibiotics 

similar to Vancomycin in chemical structure) improving feed quality and providing highly consistent 

TMRs to herds in Hokkaido by cooperating together via TMR centers. 

Alternative feed ingredients 

Driven by the target to improve the self-sufficiency ratio of feed ingredients, there have been initiatives 

and efforts to use feed-grade rice in livestock feed. Rice whole crop silage has almost the same cultivation 

system as normal rice, no replant failure, contains good nutritional value and cows show high palatability, 

furthermore long-term storage is possible. Planting of rice for whole crop silage has been increased 

progressively by the ministry during the last five years, supporting farms with know-how, distribution 

network and agricultural machinery.  
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Feed additives 

Japan is also an important feed additive market with a high market penetration. Driven by consumer 

demands for differentiated or regional branded animal protein products, livestock farms are keen on 

adding vitamins, minerals, amino acids, feed acidifiers, antioxidants and enzymes. As most feed additives 

can travel further than commodity products, Japan is considered as an attractive market also for foreign 

feed additives suppliers.  

 

Feed supply from agro processing factories  

Hokkaido supply more than 50% of the vegetable production in Japan. Most of the starch processing 

factories, after they extract the starch, the bulk of the by products from potato tuber, and other vegetables 

are conserved as silage and sustainably distributed to dairy farms based on their pre scheduled plan. In 

Japan sugar is obtained mainly from sugar beet. Hokkaido is the main producer and from a hectare of land 

about 60 tone of beet leaf is obtained, which is mainly used for silage making as a feed for animals. This 

kind of sustainable feed conservation and supply chain is a good lesson to be taken for application. 

 

Animal waste management  

Animal waste management in Hokkaido region is handled in such a way that it is environmentally 

friendly. Dairy farms are designed with improved facilities for manure production from animal waste 

(feces and urine) with bedding straw and saw dust. In order to solve problems related to environmental 

safety and ground water pollution, farmers practice improved manure production for organic fertilizer 

production which reduce application of inorganic fertilizer for crop and forage cultivation. Livestock and 

crop producers have already established sustainable agreement in which the dairy farmers provide manure 

in exchange for crop residue (wheat and rice straw). This exchange is useful not only for farmers but also 

beneficial to the safety of the environmental. 

 

Feeding efficiency targeted to Dairy and Beef 

Each prefecture in Japan has a recommended feeding system. For example, cattle are fed a high-energy 

diet twice daily starting at 11 months of age until slaughter (28 to 30 months of age). From 11 to 18 

months of age, the diet comprises increasing amounts of concentrate (36.8 to 86.4%, formula feed) and 

decreasing amounts of roughage [Jamboree (beer bran), hay, and rice straw]. During the final stage from 

18 months to slaughter, the diet comprises 86.4 to 84.2% concentrate and 13.6 to 15.8% roughage. All 

Potato tuber silage
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cattle have constant access to water and mineral salt blocks containing minerals, salt, and a diuretic 

(Gotoh et al., 2013).  

Total Mixed Ration (TMR) feeding techniques: the concept of a shared, centralized, professionally 

managed feeding system in Japan. TMR feeding technology accurately grasp the nutritional content of 

coarse material, fine materials, minerals, vitamins and other additives mixed, formulated into a complete 

feed. This technology is a revolutionary breakthrough in modern dairy farming, Preparation of TMR is 

the latest nutritional knowledge -based, full rumen function, improve feed utilization as a precondition, 

and possible use of local resources to reduce the cost of feed diets. TMR timely adjustments development 

of TMR centers. For example, in Japan; A “typical” Hokkaido TMR center is formed by about 20 dairy 

farmers within a 10-mile radius and milking a total of about 2,000 cows. What lags somewhat behind are 

the quality of homegrown forages and the high cost of imported cereal and protein feeds. Generally, most 

of the forages are grown in Hokkaido with about 100,000 acres of corn silage and more than 1.3 million 

acres of grass (mostly timothy). 

The high cost of feed and the desire to focus attention on cows rather than crops has led to the 

development of TMR centers. Today there are 53 such centers on Hokkaido serving about 10 percent of 

the herds. The TMR center is also responsible for growing, harvesting and storing all forages. They 

purchase their complete feed to mix with the forages from local co-ops or feed companies and rely on 

feed company and extension nutritionists to balance diets. Feed is delivered either in compartmentalized, 

bulk trucks for larger dairies or as palletized 1-ton “compressed TMR bales” for use by smaller dairies 

using feed carts in tie-stall barns. The fact that the TMR centers rent the farm ground from the dairies and 

do all the farming and harvesting allows the dairies to focus on cows and also avoid the expense of field 

machinery. The concept of a shared, centralized, professionally managed feeding system which can 

deliver tailor-made rations to dairy units located within a reasonable trucking distance may be an idea we 

can finally adapt from the Japanese.  

Cows total mixed ration (TMR) feeding techniques 

Cows total mixed ration (Total Mixed Ration, TMR) feeding technique is a kind of coarse material, fine 

materials, minerals, vitamins and other additives mixed, formulated into a complete feed, similar to the 

full price of pig or poultry feed, sends the material sent by the car, dissipate cattle fed ad libitum an 

advanced breeding technique. TMR technology is a revolutionary breakthrough in modern dairy farming, 

which is in the dairy industry has been widely used in developed countries, and large-scale modernization 

of the domestic dairy farms has gradually started using this technique, and have achieved very good 

results. Preparation of TMR is the latest nutritional knowledge -based, full rumen function, improve feed 

utilization as a precondition, and possible use of local resources to reduce the cost of feed diets. Based on 

the characteristics of TMR technology, the basic conditions for application of TMR technology, 

applications and their precautions TMR technology and application effect TMR technology to make a 

brief introduction. 

The traditional way to make feeding fine, coarse material fed separately, due to a variety of feed 

palatability of different, often resulting in insufficient intake of total dry matter, so that performance is 

affected, reproductive obstacles. Through the promotion of TMR feeding technology, expanding the use 
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of bread, slag class original individual feeding the poor palatability and other feed resources. Because the 

technology allows a small number of cows feed, reduce and prevent animals from ammonia poisoning, 

and thus alleviate the imbalance between supply and demand protein resources, reduce costs has some 

potential dietary significance. In addition, the application of TMR feeding techniques, according to the 

growth of each cow nutritional needs at different developmental stages, under the premise of not reducing 

their productivity, the local farmers products (such as straw) and industrial byproducts (such as lees) and 

other appropriate treatment, be used effectively to prepare a corresponding minimum cost diet. 

Studies show that the cows ingested the high levels of fine material (more than 60% of the diet), the more 

energy is ingested into the body tissue to be, without increasing milk production and milk fat content of 

milk is lower; If the cows ingested roughage level is too high, insufficient energy intake. Using TMR 

technology, because considering the cellulose and protein, energy and other factors of different cows, the 

whole diet is balanced, that will help production performance of dairy cows. 

On the cow concerned, TMR feeding techniques used to play in favor of its milk production performance, 

increase their reproductive rate, but it is also open to ensure timely replacement heifers produced the best 

feeding system. Use TMR feeding technology for large-scale industrial production, so feeding 

management and labor, save time, improve efficiency and labor productivity scale farming. Further, the 

process also reduces the waste fed forage. 

Basic conditions apply TMR technology 

Preparation TMR requires that all materials are uniformly mixed, silage, green fodder, hay machinery and 

equipment for special needs chopped or crumbled. In order to ensure balanced diet nutrition, good 

performance requires mixing and metering equipment. TMR mixer is usually carried out by mixing and 

sent directly to the cow’s manger, a one-time investment in equipment, high equipment costs. 

In short, TMR feeding techniques despite adding some additional costs, but to improve the production 

performance of dairy cows, which can improve economic efficiency. Practice has proved that, in 

considering the pros and cons of TMR feeding techniques based on the use of TMR technology cows 

increased revenue significantly higher than the additional cost. Currently, mostly dairy TMR silage, hay 

and concentrate feed composition, first crushing machinery or rub machine fodder for processing, then the 

mixer and mix the various ingredients into TMR, TMR fed directly from the feed car cows stadium 

manager for cows fed ad libitum throughout the day. Dairy formulators should grasp the TMR moisture 

content, timely adjustment of dietary nutrient concentration. 

TMR nutritional balance and stability should be guaranteed 

 In TMR feeding technology implementation, accurately grasp the nutritional content of the coarse 

material changes to ensure that the cows feed into the essential nutrients in the technical implementation 

of the ranch before TMR crude material were detected on the basis of weekly time feed detection, and 

TMR timely adjustments. 

A “typical” Hokkaido TMR center is formed by about 20 dairy farmers within a 10-mile radius and 

milking a total of about 2,000 cows. The TMR center is also responsible for growing, harvesting and 
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storing all forages. In the case of the Kamishihorocho TMR center that I visited in August, it had 19 

members milking 2,000 cows and was responsible for the farming operation of about 1,200 acres of corn 

silage and 1,440 acres of grass silage owned by its patrons. The center makes three lactating TMRs (55 

pounds milk, 78 pounds milk and 88 pounds milk) along with two dry-cow TMRs (early and late dry 

periods) using a mobile, vertical TMR mixer (some TMR centers install stationary mixers). They 

purchase their complete feed to mix with the forages from local co-ops or feed companies and rely on 

feed company and extension nutritionists to balance diets. 

Feed is delivered either in compartmentalized, bulk trucks for larger dairies or as palletized 1-ton 

“compressed TMR bales” for use by smaller dairies using feed carts in tie-stall barns. The fact that the 

TMR centers rent the farm ground from the dairies and do all the farming and harvesting allows the 

dairies to focus on cows and also avoid the expense of field machinery. The approximate cost to the dairy 

for an 88-pound lactating ration is about 1,000 yen per cow per day ($10.50) for cows eating 52 pounds 

dry matter per day. On the surface, feed cost may seem high, but not when considering the dairy has land 

rent as income and the current price of milk is about $36 per hundredweight. While this idea may not 

apply to the majority of U.S. dairies, the Japanese focus on “cows before crops” by leasing their farm 

ground to professional growers and on providing consistently high-quality TMRs may be worth emulating 

(Bill Mahanna et al., Kaori Nishide). The high cost of feed and the desire to focus attention on cows 

rather than crops has led to the development of TMR centers. Today there are 53 such centers on 

Hokkaido serving about 10 percent of the herds. 

Cow developed countries of the world, such as the United States, Israel, Canada and Japan have been on 

the TMR feeding techniques and in-depth study of the system, the results of all studies have confirmed 

TMR technology is indeed an advanced dairy technology. Nobuo Takano (1993) reported that the 

implementation of Hokkaido, Japan 's 13 cow herd test from refined crude points feeding into TMR 

feeding, get good results. Full- lactation milk yield per cow increased by 821kg; while also improved 

milk ingredients, milk fat increased 0.09%, an increase of 0.1% non-fat solids. Full of bad Feeding 

Amount per head increased by an average of 753kg, net of bad material expenses increased average 

revenue per cow increased by about 62,000 yen. F.Bargo et al (2002) studied the production of high-

yielding dairy cow performance under grazing , grazing and TMR plus three full TMR feeding system. 

Found in the whole system of TMR feeding the cows with the highest milk yield and maximum feed 

intake, while the milk fat and milk protein content is also higher. PRTozer et al (2003) made the 

economic analysis of the study found that, despite the higher cost of production per kilogram of milk in 

the full TMR feeding system, but because this time the cows have higher milk production, while and 

better milk quality, the final net income per cow per day ($ 5.61) or TMR than when grazing plus ($ 5.28) 

and grazing ($ 5.31 ) is high. 

At present, China's Beijing to cooperate demonstration dairy farm, Beijing Sanyuan Group Co., Ltd. and 

Shanghai Bright Dairy 's dairy farm has gradually started using TMR feeding techniques, which are 

imported from Israel and the United States equipment and experimental research, for our country in under 

the current feeding level on how to effectively promote the use of reasonable TMR feeding techniques 

were actively explored. 



Ethiopian Society of Animal Production 2018 

 

234 

 

Recently, an increasing number of stockbreeders of Hanwoo steers have been switching from the 

conventional concentrate mix-rice straw feeding system to the TMR feeding system, in which roughage 

and concentrate mix are mixed together rather than fed separately. Feeding TMR allows stockbreeders to 

save on feed cost by using a variety of agricultural by-products and farm-grown forage. It also improves 

livestock productivity (Lee et al., 2010). 

Feeding Japanese Black Cattle for Beef  

The history of beef cattle raising in Japan is very short compared to that of Europe, due to the following 2 

reasons. At first, the climatic conditions of Japan are suitable for the cultivation of grain and the only 

purpose for cattle raising was to support rice cultivation. And second, the predominance of Buddhism for 

a long period of time prevented the consumption of meats, especially that of 4-legged animals. Though 

meat has been consumed in Japan only for about 130 years since the beginning of the Meiji era, it only 

reached widespread popularity in the last 30 years. Japanese beef cattle fattening methods are quite 

different from those common in other countries. Steers are finished at 696 kg live weight and 29.8 months 

of age on average, spending about 20.2 months for fattening after weaning. During this time, they 

consume about 3 t of concentrate rations and gain 0.68 kg a day. Such a fattening system is too long and 

not rational, but can be profitable at present, as a result of the strong demand for high quality beef (Obata 

et al., 1996). 

To produce beef satisfying the Japanese beef market, appropriate nutritional management is imperative 

for high quality Japanese Black beef. Nutritional management programs must consider many factors 

including the growth rate, feed efficiency, health, animal welfare, disease intolerance, and the 

intramuscular fat accumulation. Each prefecture in Japan has a recommended fattening system. Japanese 

Black cattle are usually fed a high concentrate diet from 11 to 30 months of age to induce greater 

accumulation of intramuscular fat, which is the most critical goal of Japanese Black cattle farmers. In 

particular, during the finishing period of fattening, the most common fattening program is to provide as 

much concentrate as possible and rice ad libitum. For example, cattle are fed a high-energy diet twice 

daily starting at 11 months of age until slaughter (28 to 30 months of age). From 11 to 18 months of age, 

the diet comprises increasing amounts of concentrate (36.8 to 86.4%, formula feed) and decreasing 

amounts of roughage [Jamboree (beer bran), hay, and rice straw]. During the final stage from 18 months 

to slaughter, the diet comprises 86.4 to 84.2% concentrate and 13.6 to 15.8% roughage. All cattle have 

constant access to water and mineral salt blocks containing minerals, salt, and a diuretic. More than 90% 

of the concentrates for fattening Japanese Black cattle are imported. In Japan in recent years, farmers have 

considered manipulating vitamin A level to improve marbling during fattening of Japanese Black cattle. 

Vitamin A derivatives (retinoids) play a key role in mammalian development and cell differentiation 

(Villarroya et al., 1999). In most cases, retinoic acid impairs adipocyte differentiation. Oka et al. (1998b) 

and Nade et al. (2007) demonstrated the influence of vitamin A on beef quality in Japanese Black cattle. 

Moreover, Japanese Black cattle carcasses produce a large amount of wasted fat like subcutaneous fat and 

abdominal fat of more than 200 kg per carcass (Gotoh et al., 2009). Lately, Japanese beef production has 

many problems such as food safety, excreta from livestock, and the sudden price increase of grain. 

Accordingly, we might have to shift the system to produce beef while maximizing the use of domestic 

grass resources.  
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Dairy Development in Japan 

The Japanese dairy industry achieved dramatic post-war growth, but it has been affected 

by rapid trade liberalization and structural changes on dairy farms. Milk production increased from 4.8 

million tons in 1970 to 8.2 million tons in 1990. Milk yield per cow in Japan is the highest in the world. 

However, the number of dairy farms, especially small farms with less than ten head, has declined 

drastically. New technology for improved milk productivity is needed for the future development of the 

dairy industry in Japan (Kume, 1994). 

Dairy development in Hokkaido in Japan 

Japanese are internationally known for “Kaizen,” referring to a focus on continuous improvement of 

processes in manufacturing, engineering and business management, it is impressive how quickly they 

adapt ideas from around the world into their dairy sector. One of the latest trends that I have seen growing 

is their focus on improving feed quality and providing highly consistent TMRs to herds in Hokkaido by 

cooperating together via TMR centers. 

A brief overview of the Japanese dairy industry might be in order. There are about 20,000 dairy farms in 

Japan with about 7,200 (36 percent) of those in Hokkaido. Those dairies are milking 57 percent of the 

822,000 total dairy cows in Japan. While Japan ranks relatively low in the world for dairy cow numbers 

(13th), they rank third for milk production per cow behind the U.S. (first) and South Korea (second). It is 

well known that over the past decades, the Japanese have purchased elite U.S. and Canadian Holstein 

genetics, so their genetic base is quite high. 

What lags somewhat behind are the quality of homegrown forages and the high cost of imported cereal 

and protein feeds. Generally, most of the forages are grown in Hokkaido with about 100,000 acres of corn 

silage and more than 1.3 million acres of grass (mostly timothy). 

There are 14 sub-prefectures of Hokkaido, the cold weather of Kushiro sub-prefectures. Of these three 

sub-prefectures are the most abundant dairy industry over the whole country. The stock farming is well 

developed and organized. Japan farm, they have four crucial points. First, they have oceanic climate, 

which is not so cold in the winter and not so hot in the summer. It also has an evenly year precipitation, 

no drought water-logging, which is suitable for pasture growth, and for the development of stock farming. 

Second, they all have a significant proportion of plains with fertile earth. Third, they all have dense river 

network with short rivers originated from mountains which provide irrigation. Fourth, Japan developed 

with the higher technical management of stock farming. Overall, accompanying the excellent natural 

condition and acquired development, the dairy productions of Hokkaido become very famous around the 

world. There are external packings have the world for a lot of dairy products, such as Shiroi Koibito 

cookies, the Royce chocolates, milk pudding and ice creams. Additionally, the dairy products are very 

popular and top-rated on many shopping websites (on Amazon also). 
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At first, Hokkaido had barely any stock farming. Because some places are too cold to grow plants, the 

Japan government started to develop stock farming in those areas instead of planting. This is a good 

choice since Kushiro sub-prefecture, Nemuro sub-prefecture and Soya sub-prefecture are with particularly 

favorable natural conditions of stock farming. On the other hand, the dairy production also brings 

effective economy profits to Japan, especially in tourism. People who travel to Japan would consume 

those dairy productions for themselves or as the gifts for their families and friends.  

The average farm operates at 71 percent efficiency, indicating that substantial improvements in cost 

efficiency are possible. Japan’s dairy industry faces rapid changes which involve an increase in the pace 

of technological innovations, alterations in the marketing of milk, and the presence of international 

organizations, such as the WTO, which influence trade negotiations. There is a marked difference 

between dairy farming in Hokkaido, Japan’s northernmost island, and dairy farming in the rest of Japan. 

Dairy farmers in Hokkaido produce more than 40 percent of Japan’s milk (Yamamoto, 2000). Developing 

a feeding system for organic by-products from food processing will lower the cost of animal feed and 

improve the economic efficiency of animal production (Kajikawa, 1996). 

Feed supply from agro processing factories  

Hokkaido supply more than 50% of the vegetable production in Japan. Most of the starch processing 

factories, after they extract the starch, the bulk of the by products from potato tuber, and other vegetables 

are conserved as silage and sustainably distributed to dairy farms based on their pre scheduled plan. In 

Japan sugar is obtained mainly from sugar beet. Hokkaido is the main producer and from a hectare of land 

about 60 tone of beet leaf is obtained, which is mainly used for silage making as a feed for animals 

(Figure 9a & b). This kind of sustainable feed conservation and supply chain is a good lesson to be taken 

for application. 

 

Figure 9 a) Potato tuber silage     b) Sugar beet silage  

 Animal waste management  

Animal waste management in Hokkaido region is handled in such a way that it is environmentally 

friendly. Dairy farms are designed with improved facilities for manure production from animal waste 

(feces and urine) with bedding straw and saw dust (Figure 10). In order to solve problems related to 

environmental safety and ground water pollution, farmers practice improved manure production for 

organic fertilizer production which reduce application of inorganic fertilizer for crop and forage 

cultivation. Livestock and crop producers have already established sustainable agreement in which the 

Potato tuber silage
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dairy farmers provide manure in exchange for crop residue (wheat and rice straw). This exchange is 

useful not only for farmers but also beneficial to the safety of the environmental. 

Japan Policies in the livestock sector  

The livestock sector faces fewer constraints from land use when compared with rice or other upland 

crops, and livestock products are more easily differentiated from imported competitors. As a result, the 

sector has seen support levels fall while at the same time undergoing significant expansion. Some of the 

lessons learned by livestock producers may apply to other parts of the agricultural sector. Livestock 

production in Japan has expanded significantly as the westernization of the Japanese diet has resulted in 

increased per-capita meat consumption. Per capita consumption of meat increased more than five times 

between 1960 and 2005 and the share of livestock production in agriculture increased from rice sector, the 

production of livestock is dominated by business farm households. With relatively less constraints on land 

for farm expansion, the operational size of livestock farms increased significantly.  

Beef policy Per capita beef consumption saw a nearly 6-fold increase between 1960 and 2000, much of 

this change coming as a result of trade reforms. The import quota for beef was replaced in 1991, by an ad 

valorem tariff of 70%. The tariff level has reduced gradually from 50% in 1994 to 38.5% in 2000. The 

USA and Australia are the two largest exporters of beef to Japan. There are two types of cattle in Japan: 

traditional beef breeds (Japanese black, Japanese brown, Japanese polled and Japanese short horn) 

collectively called Wagyu: and dairy breeds (mainly Holstein). The Wagyu beef, especially from the 

Japanese black breed, is high quality and more highly valued than the beef from dairy breeds or imported 

beef. While lower quality dairy animals are exposed to strong competition from imported beef, the market 

for Wagyu beef is more strongly differentiated from imported beef (OECD, 2005).  

Due to their higher exposure to import competition, producers of dairy-breed calves receive a large share 

of domestic policy support relative to Wagyu producers. A deficiency payment scheme, called the beef 

calf production stabilization system, was implemented in 1990. This deficiency payment has two trigger 

prices, the guaranteed standard price that aims to maintain the reproduction of beef calves and the 

rationalization target price that is set lower than guaranteed standard price taking into account the 

international beef price and domestic production costs.  

Two funds have been put in place for these payments, one funded by the national government and the 

other by producers, and the national and local governments. A payment is made when a registered calf is 

sold at a lower price than either one of target prices. If the average market price falls between the 

guaranteed price and the rationalization target price, the deficiency payment is paid financed from the 

national government fund. However, if the average market price goes below the rationalization target 

price, a payment equivalent to 90% of the difference between the rationalization target price and the 

average market price is financed from the other fund. Since Wagyu beef is differentiated from imported 

beef, the average price of Japanese black breed calves is usually higher than the guaranteed standard 

price, such that producers of these breeds have received payments only twice since 1990. The producers 

of dairy-breed calves received payments almost every year and more than 90% of total payments are 

made to dairy-breed farmers.  
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What lessons learnt for Ethiopia 

The concept of a shared, centralized, professionally managed feeding system which can deliver tailor-

made rations to dairy units located within a reasonable trucking distance may be an idea we can finally 

adapt from the Japanese. In Ethiopia, there are many opportunities to establish dairy farm in this system.  

Japan’s beef policy reform is indicative of what might be achieved in other livestock sectors. Consumer 

prices have fallen and consumption has risen, increasing consumer welfare. Imports have also risen, with 

a reduction in international friction. And the beef production sector has not been decimated since 

government has used other instruments to provide support to producers. It is important to expand 

domestic production of forage crop to reduce production cost, utilizing farm land effectively and 

establishing resource circulation model for Dairy production. Promotion of dairy as a tool for poverty 

alleviation will be fostered by supporting both infrastructural and technological options that would enable 

smallholder farmers, small-and large-scale dairy product processors to add value through marketing and 

processing products demanded by both rural, town and city-based consumers. 

Development interventions should be aimed at addressing both technological gaps and marketing 

problems considering the experience of Japan by copying and adoption of technologies. Integration of 

crossbred cattle to the sector is imperative for dairy development in the country. This can be achieved 

either through promotion of large private investment to introduce new technology in the sector such as 

improved genotypes, feed and processing, and promotion of integration of crossbred cattle. Similarly, 

government should also take the lead in building infrastructure and providing technical service to 

smallholders and large-scale dairy production and feed processing such as implementing Ecofeed 

processing and TMR.  

Conclusion 

The Japanese livestock sector continues to be heavily protected from international competition, despite 

recent reforms. Rapid structural change has also seen the emergence of large-scale intensive production 

units. Self-sufficiency of feed in Japan is only 20 percent and the poorly balanced feed supply makes the 

livestock sector unsustainable. The use of recycled food waste for feed is an effective method of 

improving feed self-sufficiency and reducing the environmental burden from food waste. Technological 

development in the use of food waste for animal feed will contribute to the improvement of self-

sufficiency of food. This will help correct the imbalance in nutrient accumulation and make animal-

agriculture more sustainable. Importance of resource-recycling type animal production using locally 

available feed resources and upgrading of animal waste treatment are crucial. The Japanese focus on 

“cows before crops” by leasing their farm ground to professional growers and on providing consistently 

high-quality TMRs may be worth emulating. Transfer of technologies to developing countries by 

modification of technologies suit to the field in collaborative research on sustainable animal production 

should get attention. The concept of a shared, centralized, professionally managed feeding system which 

can deliver tailor-made rations to dairy units located within a reasonable trucking distance may be an idea 

we can finally adapt from the Japanese. To conclude, the Ethiopian feed and dairy industry must consider 

incorporating lessons of sustainable intensification, fostering stronger collaborations among all actors, 

and adopting appropriate technology to the benefit of the dairy farming community. 
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Abstract 

 

Browse species are important sources of forage for livestock in the Ethiopian, especially during the dry 

season, when the quality and quantity of green herbage is limited. However, browse species have anti-

nutritional factors, such as polyphenols. This study evaluated the extent to which polyethylene glycol 

(PEG) can reduce the anti-nutritional effects of polyphenols whose extent is expected to vary depending 

on the species type and season on the in vitro fermentation of these plant samples. We selected ten browse 

species commonly used as livestock feed based on their tannin content and sixty samples of the leaf and 

twig of these species were collected during the wet and dry seasons. The study was designed as 10 x 2 x 2 

factorial arrangement with 10 browse species (Acacia nilotica, Crateva adonsonia, Dombeya torrida, 

Ekebergia capensis, Ensete ventricosum, Erythrina brucei, Maesa lanceolate, Sesbania sesban, 

Stereospermum kunthianum, and Terminalia laxiflora), 2 seasons (wet and dry) and 2 states of PEG (with 

and without PEG). The effects of tannin on the nutritive characteristics were also evaluated by adding 

PEG as a tannin‐binding agent. The chemical composition and in vitro fermentation products of these 

samples differed significantly (p<0.001) among browse species. Specifically, total extractable phenol 

(TEP) ranged from 26.3 to 250.3 g/kg, total extractable tannin (TET) from 22.8 to 210.9 g/kg, and 

condensed tannin (CT) from 11.1 to 141.3 g/kg. Season, species and their interaction significantly 

(p<0.05) affected the chemical composition of most browse species. The addition of PEG increased gas 

production (GP), in vitro organic matter digestibility (IVOMD), metabolizable energy (ME) 

concentration, dry matter degradability (DMD), and volatile fatty acids (VFA), on average, by 76.8%, 

47.9%, 42.2%, 21.2%, and 20.2%, respectively. Secondary polyphenols (TEP, TET, CT, and SCT) were 

significantly (p<0.001) negatively correlated with GP, IVOMD, ME and VFA. Preferable species namely 

E. ventricosum, S. sesban, M. lanceolata, E. capensis, and A. nilotica were selected for supplementation 

mailto:shigdaf@gmail.com


Ethiopian Society of Animal Production 2018 

 

242 

 

in terms of their chemical composition, IVOMD and mitigating effects of PEG on anti-nutritional 

functions of their secondary compounds. In conclusion, PEG markedly reduced the anti-nutritional effects 

of polyphenols and improved the in vitro fermentation of browse species harvested in contrasting seasons. 

Key words: Dryland; In vitro digestibility; Polyethylene glycol; Season; Tannin, Browse species 

 

Introduction  

 

Tropical browse species are well adapted to harsh environments which are resistant to variations in 

temperature and rainfall (Dentinho et al., 2018) and produce considerable good-quality foliage (Mengistu 

et al., 2017). Most tropical browse species contain reasonably high crude protein (CP) and low fiber 

contents (Rubanza et al., 2005; Gemeda and Hassen, 2015) and they can be considered as supplemental 

feeds for poor-quality roughage for ruminants animals (Osuga et al., 2008). However, the utilization of 

browse species as supplemental livestock feeds is limited by their high contents of polyphenolic 

compounds (Tolera et al., 1997; Rubanza et al., 2005). Moreover, in vivo (Ørskov et al., 1978; Salem et 

al., 2006) and in vitro (Getachew et al., 2001; Salem et al., 2005) studies suggest that, due to the tannin 

effect, the rumen-degradable nitrogen supply from browse species is often insufficient to meet the 

requirements of rumen microbes and support acceptable animal performance (Salem et al., 2007). In 

addition, when present in high concentrations in livestock diets, tannins reduce intake and digestibility 

(Schofield et al., 2001) and exert toxic effects on the intestinal mucosa (Reed, 1995; Frutos et al., 2004). 

Furthermore, a recent report showed that even at low concentrations, supplementation with an extract rich 

in condensed tannin (CT) markedly decreased in vivo nutrient digestibility in sheep (Gerlach et al., 2018).  

 

The anti-nutritional effects of polyphenolic compounds in browse species can be mitigated through their 

treatment with polyethylene glycol (PEG) prior to feeding, which enhances the nutrient availability from 

tannin-rich feeds (Makkar, 2003; Besharati and Ghezeljeh, 2017; Brown and Ng’ambi, 2017). PEG is a 

polymer that binds irreversibly to tannins, thus preventing tannin–protein complexation (Dentinho et al. 

(2018). Consequently, PEG has been included as an additive in high-tannin feeds to improve voluntary 

feed intake, digestibility, and animal performance (Salem et al., 2006; Brown and Ng’ambi, 2017). Even 

though the results were inconsistent; previous studies reported that the addition of PEG to browse species 

contain tannin increases in vitro digestibility and gas production (Rubanza et al., 2005; Gemeda and 

Hassen, 2015; Dentinho et al., 2018). 

 

However, only scant research has addressed the extent to which PEG reduces the anti-nutritional effects 

of browse plants which expected to vary depending on the season and species, on  the in vitro 

digestibility, degradability, metabolizable energy (ME), volatile fatty acid (VFA) and methane (CH4) 

production (Basha et al., 2013). In addition, the tannin-mitigating effects of PEG treatment depend on the 

nature of the tannin and the feed type (Hernández et al., 2015), because different sources of tannin act 

differently (Gerlach et al., 2018), and on the interaction of both PEG and tannins with other nutrients 

(Yisehak et al., 2014). So, knowing how season and species interact to influence the effectiveness of PEG 

treatment for decreasing the anti-nutritional effects of browse species is very important in terms of their 
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efficient utilization as supplemental livestock feeds (Estell et al., 2012; Parissi et al., 2018), because the 

species availability differs markedly between the two seasons of Ethiopia (Gebrekirstos et al., 2008). To 

this end, we evaluated the influence of PEG treatment on the anti-nutritional effects of polyphenols in 

browse species harvested during different seasons on in vitro digestibility, rumen degradation, ME, VFA 

and CH4.  

 

Material and Methods  

 

Browse Species Sample collection and preparation   

Samples of ten browse species leaves and twigs were collected from three sites namely: Guder (10°57′–

11°11′N, 36°40′–37°05′E), Aba Gerima (11°25′–11°55′N, 37°04′–37°39′E) and Dibatie (10°01′–10°53′N, 

36°04′–36°26′E) in north western part of Ethiopia. We selected these sites to represent three important 

agro-ecosystems (Dibatie, 1490 m a.s.l. [lowland]; Aba Gerima, 1998 m a.s.l. [midland]; and Guder, 2728 

m a.s.l. [highland]). The mean daily temperature was 18–29, 17–31, and 15–24 °C , and the mean annual 

precipitation was 1022, 1343, and 2495 mm for Dibatie, Aba Gerima, and Guder, respectively 

Haregeweyn et al 2017; (Nigussie et al., 2018). The browse species chosen were those used 

predominantly as livestock feed, according to reports from herdsmen and knowledgeable community 

members (personal communication). Sampled species comprised A. nilotica, C. adonsonia, D. torrida, E. 

capensis, E. ventricosum, E. brucei, M. lanceolate, S. sesban, S. kunthianum, and T. laxiflora. Mature 

plants were harvested during the wet season (September through October 2017) and dry season (February 

through March 2018). Because, Ethiopia experiences two main climate seasons: the rainy (wet) season 

(‘Kiremt’) from June through September, and the dry season (‘Bega’) from October through May (Asfaw 

et al., 2018). For each species, leaves and twinges from 3-5 randomly selected tree and shrubs were 

collected to form representative samples. Samples were air dried in the shade to minimize changes in 

tannin content then dried at 65oc for 24 h in a forced air oven to constant weight and ground in a hammer 

mill to pass through a 1-mm sieve and stored in plastic bags for subsequent determination of chemical 

components, secondary compounds and in vitro fermentation characteristics. All chemical composition 

and incubations were completed at the laboratory of Animal Nutrition, Faculty of Environmental and Life 

Sciences, Shimane University, Japan.   

 

Analysis of chemical composition and extraction of polyphenols  

Standard methods (AOAC, 1990) were used to determine dry matter (DM, # 930.15), CP (#955.04) and 

ash (# 924.03). The neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined 

according to the method of Van Soest et al. (1991). Extraction of total phenolic content (TEP) followed a 

previously described procedure (Getachew et al., 2000; Makkar, 2000). Total extractable tannin (TET) 

was estimated gravimetrically as the phenolic compounds remaining after the binding of tannins by using 

polyvinyl polypyrrolidone (Makkar, 2003). Concentrations of TEP and TET were expressed in tannic acid 

equivalents. Absorbance at 725 nm was measured spectrophotometrically (UV 1601, Shimadzu Co., Ltd., 

Kyoto, Japan). To determine the condensed tannin (CT) and the extract was treated with butanol–HCl in 

the presence of ferric ammonium sulfate and CT was expressed in leucocyanidin equivalents as: 

(A550 nm × 78.26) 

Weight of sample (g/kg DM) 
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where A550 nm is the absorbance at 550 nm (Porter et al., 1985). The soluble condensed tannin (SCT) 

was calculated as the difference between TTP and CT (Giridhar et al., 2018). 

 

In vitro digestibility and tannin bioassay 

Approximately 200 mg of each feed sample was placed in 50 ml syringes with or without 1 g of PEG 

(MW 6000, lot PTQ 2819, Wako Pure Chemicals Industries, Ltd., Osaka, Japan) (Kondo et al., 2018); 

duplicate syringes were prepared for each test feed. For controls, we also prepared syringes that contained 

test feed only. Rumen fluid for the in vitro digestibility was obtained from two healthy mature female 

Japanese Corriedale sheep fitted with 46-mm permanent rumen cannula; these sheep were fed a total daily 

ration of 800 g timothy hay and 200 g concentrates, divided into two equal meals, which were given at 

08:00 and 16:00. The sheep were supplemented with minerals and had free access to water throughout the 

experiment. Samples of rumen fluid were obtained from both sheep at 3 h after the morning feeding, 

flushed with CO2, filtered through three layers of cheesecloth and mixed to be used for the in vitro 

fermentation. This mixed rumen fluid was homogenized and kept at 39 ◦C in a water bath, and diluted 

(1:4, v:v) with a culture medium (Makkar et al., 1995), containing macro-mineral, micro-mineral, 

bicarbonate buffer, resazurine and a reducing solution (Menke, 1988), as was that for the PEG tannin 

bioassay (Tilley and Terry, 1963). Buffered rumen fluid (30 ml) was pipetted into each syringe (Salem et 

al., 2007) and syringes were immediately placed in a water bath at 39 ◦C. Gas production was recorded 

before incubation (0 h) and after 3, 6, 12, 24, 48, 72, and 96 h of incubation and corrected with blank 

syringes incubated in each run.  

 

The in vitro organic matter digestibility (IVOMD, g/kg DM) and metabolizable energy (ME, MJ/kg DM) 

were estimated on the basis of 24-h gas production (ml) and CP content (g/kg DM) by using equations 1 

& 2 (Menke, 1988): 

IVOMD (%) = 14.88 + 0.8893×IVGP24 + 0.045×CP      (1)  

ME (MJ/kg DM) = 2.20 + 0.136×IVGP24 + 0.057×CP (% DM)     (2) 

where IVGP24 is the 24-h gas volume (ml/0.2 g DM), and CP and ash are each given as % DM of the 

leaves of the browse species.  

The gas production characteristics of each browse species were estimated by fitting the mean gas volumes 

to the following exponential equation (3) (Ørskov and McDonald, 1979): 

GP = a + b (1 – e–ct)     (3) 

 where GP is the gas production at time t, a is the gas production from the immediately soluble fraction, b 

is the gas production from the insoluble but degradable fraction, a + b is the potential gas production, and 

c is the rate constant of gas production (h-1).  

 

Rumen degradability of browse species 

 

The rumen effective dry matter degradability (EDMD) of each browse species was estimated using 

equation (4) developed by (Kamalak et al., 2005):  

EDMD = 24.7 + 0.358(a + b) – 60.3c (R2 = 98.3; RSD = 0.780) (4) 

Where EDMD is effective dry matter degradability, a is the gas production from the quickly soluble 

fraction, b is the gas production from the insoluble fraction, (a + b) is the total potential gas production, c 
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is the gas production rate and RSD is relative standard deviation. The in vitro gas production data were 

fitted by using the Neway curve-fitting program (Ichinohe and Fujihara (2008) to estimate the rumen 

degradation parameters according to McDonald’s model (McDonald, 1981). 

 

Volatile Fatty Acid (VFA) and Methane production 

At the end of the 96-h incubation of the gas production, 5 mL of the supernatant in the syringe was 

collected, centrifuged at 25 000 × g for 15 min at 4 °C, and the supernatant transferred to a 15 mL micro-

centrifuge tube (capacity) for storage at –20 °C until VFA analysis. The frozen samples were defrosted 

using gauze to remove foreign materials and centrifuge the filtrated liquid with 10000 RPM, 4°C, 30min. 

0.5ml of supernatant is mixed with 20mmol/L crotonic acid (internal standard). Concentration of crotonic 

acid (internal standard) is 10mmol/L, which is the same as the concentration of external standard. The 

external standard solution comprised a mixture of acetic, propionic, n-butyric, isobutyric, and crotonic 

acids and was treated in the same manner as the sample. The samples were injected into GC machine and 

VFA were determined by gas chromatography (GC 14A, Shimazu Corp., Kyoto, Japan). The VFA 

concentrations were decided by comparing the proportion of peak area for target VFA to that for crotonic 

acid between the samples and the external standard solution.  

The methane production was estimated using the equation;  

CH4= 0.5 acetate – 0.25 propionate + 0.5 (Moss et al., 2000)    (5) 

 

Statistical analysis  

The chemical composition data for the various browse species were analyzed by using general linear 

models (GLM) procedure (SAS, 2001) with a completely randomized design in a 10 species × 2 seasons 

(dry and wet) factorial arrangement: 

Yij = µ + Bi + Sj + (BS)ij + εij (6)  

Where Yij is the response variable (CP, ADF, NDF, TEP, TET, CT, and SCT), µ is the population mean, 

Bi is the browse species effect (i = 1–10), Sj is the season effect (i = 1, 2), (BS)ij is the interaction between 

season and browse species effect, and εil is the residual error. The chemical composition of each browse 

species did not differ between collection sites; therefore, we excluded site as a variable from subsequent 

analyses and discussion.  To determine the effect of season, species, the addition of PEG, and their 

interaction on GP, IVOMD, ME, and VFA were arranged in a factorial design of 10 Browse species × 2 

PEG states (with and without) × 2 seasons. The following model was used:  

 

Yijk = µ + Bi + Pj + Sk + (BP)ij + (BS)ik + (PS)jk + (BPS)ijk + εijk          (7) 

where Yijk is the observation; µ is the population mean; Bi is the browse species effect (j = 1–10); Pj is the 

PEG effect (j = 1, 2); Sk is the season effect (k = 1, 2); (BP)ij is the interaction between browse species 

and season; (BS)ik is the interaction between browse species and season; (PS)jk the interaction between 

PEG and season ; (SBP)ijk is the interaction between browse species, PEG and  season,; and εijk is the 

residual error. Statistical significance was defined as p<0.05. Multiple comparisons among means were 

performed by using Duncan’s multiple range test (Kim, 2014). The related correlation coefficients 

analyses between chemical composition and in vitro fermentation parameters were performed by using 

Pearson’s correlation test (Sedgwick, 2012).  
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Results 

 

Chemical composition of browse species 

Chemical composition varied significantly (p<0.01) among browse species across seasons (Table 1). For 

example, CP values ranged from 112 g/kg DM (S. kunthianum) in the dry season to 274.1 g/kg DM (E. 

brucei) during the wet season. The lowest NDF (169 g/kg) and ADF (109.8 g/kg) recorded in S. sesban in 

wet season while the highest NDF (596 g/kg DM) in E. capensis and ADF (457.7) in T. laxiflora during 

the dry season. The phenolic content of samples also differed significantly (p<0.001) among browse 

species. Specifically, total extractable phenol (TEP) ranged from 26.3 (C. adonsonia) to 250.3 (T. 

laxiflora) g/kg, total extractable tannin (TET) from 22.8 (E. brucei) to 210.9 g/kg (T. laxiflora), and 

condensed tannin (CT) from 11.1 (C. adonsonia) to 141.3 g/kg (T. laxiflora). The interaction of season 

and species exerted a significant (p<0.05) effect on all chemical composition parameters. For instance, the 

TET content of T. laxiflora increased from dry season (62.3 g/kg) to wet season (210.9 g/kg).  

 

Effect of PEG addition on in vitro gas production, IVOMD, and ME  

The inclusion of PEG in the fermentation of the browse species significantly (p<0.001) increased the 

amount of gas produced at 24 h, especially the largest increment was recorded for E. Ventricosum (114.6 

%) in wet season and A. nilotica (177.4%) in the dry season (Table 2). In addition, season, browse 

species, and their interaction significantly (p<0.001) affected in vitro gas production both with and 

without PEG. The highest gas production from samples harvested during the dry season, which had lower 

amounts of phenolic compounds and tannins than those from the wet season (Fig. 1) indicate the anti-

nutritional effects of polyphenols on nutrient availability. Furthermore, PEG-associated increases in 

IVOMD and ME differed between species and season. For example, A. nilotica had the greatest increases 

in IVOMD (from 38.1% to 79.1%) and ME (from 5.5 to 12.4 MJ/kg DM) during the dry season while D. 

torrida increase in IVOMD (31.1 to 54.0 %) and ME (from 3.2 to 5.5 MJ/kg DM) in wet season (Table 2). 
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Table 8. Chemical composition of browse species (means; g/kg DM).  

Scientific name 

CP NDF ADF TEP TET CT SCT 

W D W D W D W D W D W D W D 

A. nilotica 151cd 139cd 330c 385bc 276.5bc 371.2b 84.8bc  71.7c 66.7a 47.7b 42.8c 53.1a 24.9bc 19.6a 

C. adonsonia 211ab 164cd 412a 530ab 257.0bc 365.8b 72.3bc 26.3f 22.8f 31.2e 15.6f 11.1d 15.6e 11.7c 

D. torrida  148cd 190c 232 430b 207.8c 261.9c 92.9b 52.4b 43.5c 82.1c 54.3c 30.7c 27.8bc 22.9a 

E. capensis 161cd 148cd 435a 596a 327.6ab 431.0a 67.2c 61.6d 49.9 bc 38.6e 26.6d 24.5cd 8.5f 9.6c 

E. ventricosum 125d 123d 367b 373bc 244.2bc 306.5bc 90.2b 80.8c 42.5c 75.4c 44.8c 28.6c 30.6b 14.0bc 

E. brucei 274a 263a 343bc  556a 331.1ab 311.5bc 48.8d 27.1f 22.5f 35.8 27.0d 19.7d 8.8f 2.9d 

M. lanceolate 224b 179c 296d 501ab 365.0a 288.0c  98.4b 91.1a 55.2b 73.1c 86.3b 45.8ab 13.2f 9.4c 

S. sesban 232ab 241ab 364bc 169d 109.8d  241.3c 41.1d 38.2e 32.9d 35.4e 17.0e 14.0d 18.4f 18.9bc 

S. kunthianum 127d 112d 448a 445b 380.1a 389.3b 74.4bc 37.1e 31.7d 49.9d 29.3d 22.0cd 20.7cd 9.7c 

T. laxiflora  133d 142cd 295 480bc 298.6a 457.7a 250.3a 86.4b 210.9a  62.3a 141.3a 57.1ab  69.6a 15.2bc 

P values CP NDF ADF TEP TET CT SCT 

Browse species 0.0007 0.0389 0.0036 0.002 0.0006 0.0089 0.0023 

Season 0.001 0.0419 0.0107 0.001 0.0067 0.0456 0.0567 

Browse species 

×season                

0.0002 0.0009 0.001 0.0002 0.0370 0.0456 0.0567 

SEM 9.0 23.9 14.7 8.6 6.5 5.0 2.5 

ADF, acid detergent fiber; CP, crude protein; CT, condensed tannin; D, dry season, NDF, neutral detergent fiber; SCT, soluble condensed tannin; 

SEM, standard error of mean; TEP, total extractable phenol; TET, total extractable tannin; W, wet season. Within each column corresponding to 

species, different superscripts indicate significant differences. 
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Table 9. In vitro organic gas production (GP, ml/g), IVOMD (%), and ME (MJ/kg DM) of browse species 

in the presence (+) or absence (–) of PEG.  

 

24-h GP  IVOMD ME 

(–) (+) % Increase (–) (+) 

% 

Increase (–) (+) 

% 

Increase 

Wet season          

A. nilotica 63.1a 94.6a 49.2cd 38.0 a 61.2a 60.2b 6.8 10.4 52.8b 

C. adonsonia 22cd 42.2 c 91.8b 35.6c 53.7 c 50.8c 3.8 4.9 28.9cd 

D. torrida 27cd 48.0bc 77.8c 31.1c 54.0c 73.6a 3.2 5.5 71.9a 

E. capensis 15.5d 26.3e 69.7cd 29.8 d 44.9cd 50.7c 3.0 4.7 56.7b 

E. ventricosum 19.2d 41.2c 114.6a 33.1 c 53.2c 60.7b 3.5 4.8 37.1c 

E. brucei 26.4c 28.0de 16.1 f 39.5c 41.9d 18.1e 4.4 5.2 18.2e 

M. lanceolate 19.4cd 33.8cd 74.2c 23.2d 37.2e 60.3b 3.5 4.1 17.1e 

S. sesban 20.1cd 34.7cd 72.6 c 32.7c 43.2d 32.1 d 4.9 6.2 26.5cd 

S. kunthianum 41.8b 65.8b 57.4cd 45.4b 64.3b 41.6 cd 3.8 5.2 36.8c 

T. laxiflora 22.9cd 36.5 59.4cd 27.5d 40.7cd 48.0cd 2.6 3.1 19.2e 

Dry season          

A. nilotica 26.1e 72.4bc 177.4a 38.1de 79.1bc 108.1a 5.5cd 12.6bc 109.5a 

C. adonsonia 42.1cd 56.7de 34.4de 52.3cd 65.3cd 24.8de 7.4bc 9.9cd 24.9ef 

D. torrida 77.6a 101.0a 30.1de 83.9a 104.3a 24.8de 12.6a 15.4a 24.9ef 

E. capensis 36.3cd 84.1ab 131.7b 47.1cd 89.7ab 90.1ab 7.4bc 13.9ab 91.5b 

E. ventricosum 24.2d 51.1cd 111.4bc 18.3f 24.8f 33.1cd 2.7f 3.1f 33.9de 

E. brucei 63.1b 74.6bc 18.4f 71.1b 81.2bc 14.4f 10.9b 12.5bc 14.4f 

M. lanceolate 21.0e 48.3de 130.2b 19.5f 33.8de 75.9b 2.8f 5.1ef 77.8c 

S. sesban 43.9cd 60.9cd 38.4de 53.4cd 69.7cd 28.5de 8.8bc 10.9bc 28.3ef 

S. kunthianum 28.5d 65.3cd 128.2b 31.7de 55.1cde 75.0b 4.2d 8.3cd 77.2c 

T. laxiflora 31.7de 61.8cd 94.3c 25.6df 34.2ef 35.2cd 3.0e 5.1ef 35.3ef 

SEM 2.12 4.61 2.87 2.13 1.01 3.35 

P value 24-h GP IVOMD ME 

Species  0.0001 0.001 <0.0001 

PEG <0.0001 0.0015 0.0021 

Season <0.0001 0.0026 <0.0001 

Species × PEG                  0.0292 0.6121 0.1551 

Species × season                0.0002 0.001 0.0002 

PEG × season                    0.0041 0.2738 0.0893 

Species × season × PEG                                0.0241 0.0321 0.0893 
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GP, gas production; IVOMD, In vitro organic matter digestibility; ME, metabolizable energy; SEM, 

standard error of mean. Data are given as mean values. Within each column, different superscripts 

indicate differences. 

 

Effect of PEG on EDMD and other characteristics of degradability   

Species, season, and PEG treatment all significantly (p<0.001) affected EDMD and degradability 

characteristics except the rate of degradation (Table 3). The PEG had significant (p=0.041) effects which 

varied by browse species on the degradability of both the slowly and rapidly degradable fractions as well 

as on EDMD. The combined soluble and rapidly degradable fraction (a+b) was largest (p<0.001) in E. 

brucei during the wet season and in E. ventricosum during the dry season (Table 3). Addition of PEG has 

significant (p<0.05) effect on the rate of degradation (c value) of the browse species in which after PEG 

treatment the highest vales were observed in E. capensis (0.11 ml/h) and T. laxiflora (0.12 ml/h) in wet 

season and M. lanceolate (0.09 h-1) in dry season. Responses in EDMD due to the addition of PEG 

(p<0.01) were further influenced by season, species, and the interaction of PEG and season (p<0.05). The 

largest increment in EDMD in the presence of PEG was observed in D. torrida collected during the dry 

season (56.8%) and in wet season (37.2 %). 

 

Effect of PEG on VFA and methane production 

The total and individual VFA contents produced differed significantly (p≤0.05) between browse species 

(Table 4), and the species × PEG interaction had a significant (p=0.0234) effect on both VFA and CH4 

production. For example, E. ventricosum had the largest increase (23%) in acetic acid during the wet 

season, whereas PEG-treated M. lanceolata showed a 49% increase in this VFA during the dry season. C. 

adonsonia produced the largest volumes of propionate and butyric acid. In addition, the interaction of 

season and PEG influenced acetate, total VFA, and CH4 production (p=0.0412). For instance, with 

addition of PEG, M. lanceolate showed marked seasonal variation in acetate (90.7–139.9 mmol/L), total 

VFA (133.1–204.4 mmol/L) and CH4 (40.1-63.4 mmol/L).  

 

Correlation between chemical composition and in vitro fermentation  

CP had positive correlations with GP (maximum r value=0.706 for wet season without PEG, p<0.01), 

IVOMD (r=0.649, p<0.01), ME (r=0.634, p<0.01) and VFA (r = 0.314, p<0.01) (Table 5). In contrast, 

polyphenols (TEP, TET, CT, and SCT) were negatively correlated (p<0.01) with in vitro fermentation 

products (GP, IVOMD, ME, and VFA) during both seasons and PEG states; these outcomes indicate the 

anti-nutritional effects of the browse species on their in vitro digestibility. Furthermore, the fiber 

component NDF was negatively correlated with in vitro fermentation products for total VFA production 

(r =–0.407, p<0.01).  



Ethiopian Society of Animal Production 2018 

 

250 

 

 

Table 10. Effective dry matter degradability (EDMD, %) and other degradability characteristics of browse species.  

Species Wet season  Dry season 

a+b (ml) c (ml/h) EDMD (%) 

(Relative error, 14.7%) 
 a+b (ml) c (ml/hr) EDMD (%) 

(Relative error, 14.7%) 

(–) (+) (–) (+) (–) (+)  (–) (+) (–) (+) (–) (+) 

A. nilotica 24.7cd 36.7cd 0.03 0.06 31.7bc 35.2cd  88.6ab 103.1b 0.05 0.08 53.9ab 57.90b 

C. adonsonia 24.7cd 29.4de 0.03 0.06 41.2bc 53.8cd  95.6a 107.7b 0.08 0.09 53.9ab 59.56ab 

D. torrida 9.5f 21.5def 0.03 0.08 36.3a 49.8a  38.2de 96.7 bc 0.02 0.06 37.3cd 58.09ab 

E. capensis 38.3a 45.3f 0.09 0.11 20.4de 23.9de  9.1h 24.0f 0.03 0.06 26.0ef 31.67d 

E. ventricosum 26.4cd 38.4 0.04 0.05 31.6bc 35.2cd  93.2a 117.1a 0.02 0.06 56.4a 63.03a 

E. brucei 26.9cd 50.8b 0.04 0.07 32.6bc 41.4b  26.4f 50.8e 0.02 0.04 32.6cd 40.39cd 

M. lanceolate 16.5de 23.5de 0.04 0.07 28.3bcd 31.2cd  85.5ab 106.2b 0.06 0.09 51.8ab 57.51b 

S. sesban 35.7 bc 47.3bc 0.03 0.05 35.2b 38.6cd  41.2d 50.4e 0.04 0.07 36.1cd 40.22cd 

S. kunthianum 17.1 de 29.1de 0.04 0.05 28.4de 32.5cd  79.6ab 90.7 cd 0.03 0.05 51.7ab 54.27ab 

T. laxiflora 3.8g 14.3f 0.09 0.12 20.4e 28.7de  39.8de 91.8cd 0.04 0.07 36.8cd 55.57ab 

SEM 1.24 0.02 2.40  4.31 0.01 3.22 

P value a+b c EDMD     

Species <0.0001 0.2314 <0.0001     

Season <0.0001 0.1218 <0.0001     

PEG 0.0118 0.0400 0.0001     

Species × PEG 0.0410 0.9996 0.3676     

PEG × season 0.1315 0.2108 0.0572     

–, without PEG; +, with PEG; EDMD, effective dry matter degradability (%); a, the rapidly degraded fraction (ml); b, slowly degraded fraction 

(ml); c, rate of degradation of the b fraction (h-1); SEM: standard error of the mean. Data are given as mean values. Within each column, different 

superscripts indicate differences. 
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Table 11. Total and individual volatile fatty acid (mmol/L) concentrations and CH4 production 

(mmol/L) without (-) PEG and wit (+) PEG.  

Species Acetic Propionic Butyric Total VFA CH4 

(–) (+) (–) (+) (–) (+) (–) (+) (–) (+) 

Wet season           

A. nilotica 96.6* 110.6* 27.3 32.3 10.4 10.7 136.9 156.9 46.7* 52.6* 

C. adonsonia 53.2 65.2 32.1 36.7 18.6 18.9 104.8 122.3 27.9 32.9 

D. torrida 52.8 71.0 17.3 23.4 6.8 8.3 78.1 104.4 25.5 33.8 

E. capensis 93.3* 106.0* 23.4 33.4 9.0 9.5 127.5 151.2 45.3 49.4* 

E. ventricosum 115.9*** 138.9*** 32.7 36.2* 12.3 19.3 163.7** 197.6** 55.9* 70.1** 

E. brucei 71.9 81.9 24.5 44.5* 8.9 9.4 106.4 137.6 34.3 34.5 

M. lanceolata 81.9* 94.9 36.3 42.2* 6.5 6.8 126.9 146.9 35.1 40.3 

S. sesban 89.7* 111.7** 28.0 30.3 5.4 11.0 125.5 156.0* 40.6 53.8* 

S. kunthianum 73.9 89.2 24.4 34.0 7.6 8.2 107.7 133.9 34.7 40.2 

T. laxiflora 76.8 97.7* 18.3 21.4 8.4 10.0 108.8 136.7 38.0 48.5* 

Dry season           

A. nilotica 106.6** 124.5** 31.3 35.4 10.7 10.4 151.1* 172.2* 50.8* 58.6* 

C. adonsonia 103.2** 119.8** 34.8 40.4* 8.0 9.1 150.3* 170.7* 48.4* 54.4* 

D. torrida 76.4 95.0* 24.2 29.4 6.4 6.2 108.1 132.3 35.4 43.3 

E. capensis 93.3* 99.9* 23.4 30.4 9.0 9.3 127.5 141.6 45.3 47.0 

E. ventricosum 42.6 52.2 15.7 17.0 5.1 5.9 65.0 77.0 19.9 24.8 

E. brucei 78.2 81.2 26.1 32.1 8.9 9.3 114.4 124.4 37.0 37.2 

M. lanceolata 90.7* 139.9*** 34.0* 50.3** 6.5 12.0 133.1* 204.4** 40.1 63.4* 

S. sesban 94.7* 107.2** 29.0 31.3 3.9 5.1 130.5 146.7 42.1 48.3 

S. kunthianum 73.9 82.1 24.4 28.3 7.6 7.9 108.1 121.1 34.7 37.9 

T. laxiflora 98.2*** 130.0*** 30.0 39.6* 9.7 11.0 159.4* 182.7** 56.5* 60.6* 

SEM 3.45 1.17 0.53 4.32  1.65  

P value Acetic Propionic Butyric Total VFA CH4 

Species 0.0023 0.0434 0.123 0.0434 0.213 

Season 0.016 0.0601 0.0701 0.060 0.0531 

PEG 0.0041 0.031 0.0601 0.0401 0.0321 

Species×PEG 0.0234 0.128 0.745 0.352 0.0982 

Season × PEG 0.0153 0.128 0.745 0.028 0.0412 

–, without PEG; +, with PEG; CH4, methane; SEM, standard error of the mean. Data are provided 

as means. Within each column, different superscripts indicate differences.  
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Table 12. Correlation coefficients (r) between chemical composition and in vitro fermentation parameters.  

 GP IVOMD ME Total VFA 

 (–) (+)  (–) (+) (–) (+) (–) (+) 

Wet season          

CP 0.706** 0.454** 0.649** 0.419** 0.634** 0.423** 0.314* 0.261 

NDF –0.221 –0.021 –0.185 –0.299 –0.122 –0.132 –0.207 –0.106 

TEP –0.571*** –0.353* –0.511*** –0.511*** –0.407** –0.237 –0.438** –0.238* 

TET –0.584*** –0.513*** –0.345* –0.345* –0.345* –0.252 –0.452** –0.252 

CT –0.635*** –0.534** –0.575*** –0.475** –0.415** –0.386* –0.405** –0.495*** 

SCT –0.625* –0.455* –0.428* –0.432* –0.401* –0.328* –0.439* –0.229 

Dry  season          

CP 0.483** 0.354** –0.443** 0.391** 0.482** 0.423** 0.242 0.225 

NDF –0.282 –0.108 –0.173 –0.243 –0.184 –0.173 –0.407** –0.312* 

TEP –0.544*** –0.321* –0.501*** –0.441*** –0.307* –0.307* –0.388* –0.438** 

TET –0.513*** –0.376*** –0.398* –0.325* –0.345* –0.312* –0.432** –0.452** 

CT –0.654* –0.554* –0.385* –0.375* –0.425** –0.156 –0.487** –0.425** 

SCT –0.335* –0.395* –0.328* –0.345* –0.328* –0.228* –0.449** –0.419** 

–, without PEG; +, with PEG; CP, crude protein; CT, condensed tannin; GP, Gas Production, IVOMD, organic matter digestibility; ME, 

metabolizable energy; NDF, neutral detergent fiber; SCT, soluble condensed tannin; TEP, total extractable phenol; TET, total extractable  

tannin; VFA, volatile fatty acids. Data are provided as means. Within each column, different superscripts indicate differences.   
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Discussion 

 

Chemical compositions and polyphenol contents of browse species  

 

The chemical composition (e.g., CP, NDF, TEP, TET, CT) of the browse forages were within the ranges 

previously reported for species from Kenya (Rubanza et al., 2005; Osuga et al., 2008), fodder trees and 

shrubs in Algerian arid and semi-arid areas (Bouazza et al., 2012), tropical browse plants in south Africa 

(Gemeda and Hassen, 2015), and in the mid-Rift Valley of Ethiopia (Shenkute et al., 2012). In addition, 

the CP content of the browse species assessed in both seasons exceeded the minimum required for 

ruminal microbes to support metabolic functions of their host (Van Soest, 2018) and were adequate to 

support meat and milk production in ruminant animals (Lamers and Khamzina, 2010). These results show 

that, considering their tannin content which is acceptable except for A. nilotica, D. torrida, E. Brucei, M. 

lanceolate and T. laxiflora that have more CT above the recommended level (20-40g/Kg) (Ramírez-

Restrepo et al., 2004); these browse species can be used to supplement the CP of the low-quality 

roughage, such as natural pasture and crop residues, that is available during harsh conditions in arid 

regions (Gemiyo et al., 2013). The marked differences in seasonal changes in the chemical composition of 

browse species and their patterns might reflect the climatic variation (Singh et al., 2005) and 

concentration of phenols and tannins is species dependent (Parissi et al., 2018). Moreover, the high CP 

content recorded during the rainy season might be due to regrowth of leaves (Anele et al., 2008). In 

contrast, the slight increase in the CP content of S. sesban and T. laxiflora in the dry season might be due 

to their regrowth and capability to retain important nutrients under the moisture stress during this period 

(Arigbede et al., 2012). The differences observed in NDF and ADF in this study may be partly due to 

buildup to the accumulation of lignocellulose fiber structures of the plants as they aged in the dry season 

(Kandel et al., 2013). This species variation in fiber concentration may encourage animals to forage more 

from one type of browse than another, depending on the season (Gemeda and Hassen, 2015). 

 

In the current study, the variation in polyphenol levels among and even within browse species during 

different seasons might be due to morphological differences within the same species and  variation in 

climatic conditions that influence the accumulation of polyphenolic compound with plant phenology 

(Ammar et al., 2004) and water supply that affect tannin levels in plants (Abu-Zanat et al., 2003; Guerrero 

et al., 2012). Furthermore, we noted greater concentrations of tannins during the wet season than the dry 

season particularly for A. nilotica and T. laxiflora. In agreement with this result, a previous report 

indicated that an increased concentration of tannins was found during the summer season when water and 

probably light availability were higher while decline in water availability from May to June was sufficient 

to expose the plants to a severe drought, drastically reducing tannin production (Espírito-Santo et al., 

1999). In contrast, we also observed high TET concentration for D. torrida, E. Ventricosum and M. 

lanceolate species in dry season than in wet season. This might be due to the carbon is required for 

tannin production, and the carbon is more consumed for photosynthesis in the wet season than in dry 

season for growth (Top et al., 2017). On the other hand, increase in tannin production of those browse 
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species under dry season could be a defense strategy in plants against dehydration, since these compounds 

apparently hinder the passage of water from the cells around the plant veins under drought conditions 

(Espírito-Santo et al., 1999). The difference in tannin contents between the browse species in this study 

could be due to the climatic effect on foliage regrowth and plant nutrient accumulation (Elghandour et 

al., 2013).  

 

Effect of PEG on in vitro digestibility, degradability and fermentation characteristics of browse species   

In this study, the addition of PEG increased the GP, IVOMD, ME, and degradability of the tannins 

contained in the browse species. These findings parallel those of previous studies. For example, 

Silanikove et al. (2001) noted that PEG was effective in reversing the nutritionally negative effect of 

tannins, and Salem et al. (2006) reported that the use of PEG increased the IVOMD and ME of various 

browse species. However, the results from our study are in contrast to those of Monforte-Briceño et al. 

(2005), who reported that the inclusion of PEG had no effect on IVOMD of some shrub species. 

Alternatively, the increase in GP after PEG addition that we noted confirms the fermentation depressing 

effect of tannins observed by Getachew et al. (2002) and (Rubanza et al., 2005). T. laxiflora contains the 

largest amounts of tannins in wet season but the highest gas production increment after PEG addition was 

recorded in E. Ventricosum (114.6 %) in dry season and A. nilotica (177.4 %) in wet season with medium 

tannin content. Since gas production is a result of fermentation of carbohydrates in the rumen mainly, it 

seems that the T. laxiflora tannins suppressed the carbohydrate fermentation. This was also observed by 

Kondo et al., (2018) that the extent to which PEG affects gas production is determined by the negative 

effects of tannins and that would depend on the amount of the tannins in the species. Addition of PEG 

could overcome adverse effects of tannins on nutrient availability as indicated by gas production 

parameters and IVOMD in tannin-rich feeds. However, effects were not uniform among species of trees 

and shrubs (Singh et al., 2005). Current findings on the effect of PEG on improved in vitro digestibility 

are comparable to findings of (Rubanza et al., 2005) who noted 46.6, 28.7 and 43.0% for A. nilotica, A. 

tortilis and A. polyacantha leaves, respectively but lower than 64% for A. unedo species (Hajer et al., 

2004).  

 

The result also showed that PEG-associated responses in IVOMD and ME were influenced by species, 

PEG treatment, and their interaction (Schofield et al., 2001). In the current study, M. lanceolata had the 

lowest potential gas production (a+b), probably due to its high NDF and ADF contents. The gas 

production and fermentation characteristics of browse forages of this study are within the ranges reported 

earlier for browse forage species from Kenya (Osuga et al., 2008). The negative correlation between the 

tannins content and the degradability characteristics indicates the adverse effects of the tannins on the use 

of such browse species as animal feeds (Silanikove et al., 2001; Osuga et al., 2008).  

 

Effect of PEG on Volatile Fatty Acid (VFA) and methane (CH4) production  

The increase in the total VFA that obtained after adding PEG in this study is in line with other reports 

involving tropical browse species and indicates improved substrate utilization by ruminal microbiota 
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(Mengistu et al., 2017). The increased production of acetate, propionate and total VFA due to PEG 

inclusion demonstrates that the high tannin content of browse species is a major limiting factor to their 

ruminal digestion (Gemeda and Hassen, 2015). This could be also due to the negative correlation between 

VFA and phenolic compounds (TEP, TET, CT, and SCT) as our result indicates. The addition of PEG to 

browse species seems to be an effective approach to neutralize the tannins present, allowing for increased 

utilization of these browse species by ruminants (Salem et al., 2007; Dentinho et al., 2018). The increase 

of CH4 production after PEG addition in some of the browse species in this study confirms the 

fermentation depressing effect of tannins as also observed in previous studies (Rubanza et al., 2005; 

Gemeda and Hassen, 2015) because one of the anti-nutritional effect of tannins is considered to be 

through inhibition of bacteria by forming complexes with bacteria cell wall, membrane and extracellular 

enzymes (Patra and Saxena, 2009).  

 

Conclusions 

 

Most of the ten browse species we evaluated contained more than 112 g/kg of CP, thus implying that they 

can used as nitrogen sources for ruminant feed supplementation. Our study highlights the considerable 

differences in the levels of phenolic compounds in browse plants depending on their species and the 

season in which the plants were collected. The addition of PEG dramatically increased in 

vitro fermentation, digestibility, ME, and VFA production almost certainly by reversing the effects of 

secondary compounds. However, the extent to which the addition of PEG reduced the anti-nutritional 

effects of phenolic compounds and tannins varied by browse species and season. Therefore, attention 

should be given to select species that have high concentration of secondary compounds and has greater 

mitigating effect on their anti-nutritional functions, relative to the season of harvest. The phenolic 

compounds of TEP, TET, CT, and SCT showed negative correlation with GP, IVOMD, ME and VFA. 

Together, these findings confirm the fermentation-depressing effect of tannins. Therefore, in light of their 

chemical composition, IVOMD, and CT concentration, the following investigated browse species likely 

would be beneficial as feed supplements for ruminant livestock in Ethiopia: E. ventricosum, S. sesban, M. 

lanceolata, E. capensis, and A. nilotica. Overall, PEG increased the in vitro digestibility and rumen 

fermentation characteristics of the tanniferous browse species vary in relation to season.  
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Abstract 

The feeding experiment was conducted at Ofla district, which is located in southern Tigray, North 

Ethiopia, with the objective to investigate growth performance and carcass characteristics of Tigray 

Highland sheep fed barely straw diet with different supplement options. Twenty-four yearling un-

castrated growing lambs, with the initial body weight of 19.27±0.83kg (mean ± SD) were purchased from 

the local market. The experiment was conducted using a randomized complete block design (RCBD) with 

three treatments and eight replications. The animals were blocked based on their initial body weight into 

eight blocks and treatment diets were randomly assigned to each animal. The treatment diets were 

T1(molasses 15% + wheat bran 48% + cotton seed cake 35%), T2(maize grain 20% + wheat bran 43% + 

noug seed cake 35%) and T3(maize grain 20% + wheat bran 33% + dried brewers' grain 45%). The diet 

was formulated iso-nitrogenous within their current body weight according the recommendations of NRC 

(National Research Council). Sample feeds were subjected to chemical analysis for DM, CP (Nx6.25) and 

ash using the standard procedures of AOAC (1990).  Similarly, the ADF, NDF and ADL content of the 

feed and feces samples were determined through the procedures of Van Soest et al. (1991). Data was 

collected on feed intake, body weight, digestibility and carcass parameters. The collected data were 

subjected to analysis of variance (ANOVA) using the General Linear Models (GLM) procedure of SAS 

(1998). The result of the study showed that T3 had significant higher (P<0.05) DMI and OMI as 

compared to T1 and T2. However, there was no significant differences (P>0.05) in CPI between 

treatments. Similarly, the apparent digestibility of NDF and ADF was not significantly different (P>0.05) 

among T1, T2 and T3. An average final body weight for experimental sheep was recorded as 28.5, 28.00 

and 29.44 kg for T1, T2 and T3, respectively. The daily body weight gain of sheep was ranged 84.35-

97.69 g/day. Final body weight, daily body weight gain and body weight change were not significantly 

different (P>0.05) between treatments. Similarly, feed conversion efficiency was non-significant 

differences (P>0.05) among treatments. Slaughter body weight, hot carcass weight, empty body weight 

and dressing percentage based on slaughter body weight were significantly higher (P<0.01) in T3 than 

T1 and T2. But dressing percentage based on empty body weight was not significantly different (P>0.05) 

between treatments. In general, feed ingredients in T3 were readily consumed by the animals, well 

digested in the rumen, better utilization of nutrients by animals and accordingly better achievements of 

body weight performance and carcass parameters was achieved. The marginal rate of returns was higher 

for T3 and followed by T1 and T2.  

Keywords: Tigray Highland sheep, feed intake, iso-nitrogen, digestibility, carcass parameters and partial 

budget analysis 
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Introduction  

Ethiopia is known for its large and diverse livestock resource endowments. Livestock is primarily kept on 

smallholdings where it provides draught power for crop production, manure for soil fertility and fuel and 

serves as a source of family diet and source of cash income (from sale of livestock and livestock 

products)(Yami et al., 2013). And it has a large livestock population and divers agro-ecological zones 

suitable for livestock production and for growing diverse type of feed and fodder crops(Adugna, 2008).  

Ethiopia owes 56.7 million cattle, 29.3 million sheep, 29.1 million goats, 1.16 million camels, 2.0 million 

horses, 7.4 million donkeys, 0.4 million mules, 56.9 million poultry and 5.9 million beehives (CSA, 

2015). These huge number of livestock population are a major contributor to the overall economy of the 

country. The livestock sector contributes 19% of GDP and 16%-19% of the foreign exchange earnings of 

the country economy (MoAE, 2012). The increased domestic and international demand for Ethiopian 

sheep and goats has established them as important sources of inland revenue as well as foreign currency. 

This increased demand also creates an opportunity to substantially improve food security of the 

population and alleviate poverty(Hirpa and Abebe, 2008).  

Unlike the large number of population and their crucial importance, its production has mostly been 

subsistence oriented characterized by very low reproductive and production performance(Adugna, 2008). 

As a result, the contributions of the sector to the national economy and livelihood improvements have 

remained to be very limited. The low productivity of Ethiopian livestock is mainly a result of several 

limiting factors, among which feed is the major limiting factor. This leads for the country as a whole, the 

existing feed does not meet the amount required by livestock(Mengistu and Assefa, 2012). 

Ruminant nutrition in tropical and sub-tropical regions is constrained by seasonal changes in feed supply 

and quality. As a result, poor nutrition is caused by inadequate amounts and poor quality of feed is one of 

the major causes of low livestock productivity in tropical areas(Kaitho et al., 1998). Hence, appropriate 

uses of relatively inexpensive agricultural and agro-industrial by-products are important to profitable 

livestock production(Negesse et al., 2007). Moreover, throughout the tropics, and especially in the humid 

regions, there exist a variety of feed resources. These include a variety of forages and abundant supplies 

of crop residues, agro-industrial by-products and also non-conventional feed resources. Among these, 

approximately 50%-60% of the feeds produced are dry bulky roughages, mainly cereal straws and stovers 

(Devendra, 1992). In a number of reports that indicated tropical livestock production is faced with deficit 

of feed supply arising from fluctuations in environmental factors, which directly and indirectly limit the 

quantity of herbage available to animals either from natural grazing or crop residues(Degu et al., 2009). 

Conventional feeds such as grains and oilseed cakes are not produced in sufficient amounts to meet the 

requirements of man and livestock in these areas. Grass and legume forages are also not produced in 

sufficient amounts, because subsistence farmers, who constitute the majority of farmers, cannot provide 

these crops with the required agronomic inputs(Kaitho et al., 1998). 
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Sheep research and development have been practiced for decades in Ethiopia to improve the productivity 

of the local flocks, increase off-take rates, and increase their contribution to the livelihoods of farmers and 

pastoralists, and to the national economy. Several research and development projects have been 

undertaken by national and international agricultural research institutions and governmental and non-

governmental development agencies(Gizaw et al., 2013). The main focus areas of sheep research and 

development include description of farming systems, identification of sheep production constraints, 

characterization of sheep genetic resources, genetic improvement, introduction and evaluation of forage 

species, development of feeding packages, identification of major diseases and parasites, development of 

health interventions, and marketing studies(Gizaw et al., 2013). 

Poor people in major part of Ethiopia and other underdeveloped nations utilize livestock as sources of 

cash income; therefore, utilizing the farm animal genetic resources efficiently and optimally is crucial 

for both food security and sustainable development of the region(Gebretsadik and Anal, 2014). As a 

result, sheep production for the smallholder level is major source of food security serving a diverse 

function including cash income, savings, fertilizer, and socio-cultural functions. Sheep are particularly 

important for the pastoralist/agro pastoralist and for farmers in the subalpine highlands where crop 

production is unreliable. Sheep are also important foreign currency earners accounting for 34% of the live 

animal exports(Gizaw et al., 2013). In general, traditionally, sheep and goats have served as a means of 

ready cash income to meet immediate needs such as acquiring agricultural inputs, paying school fees or 

tuition, taxes, medical bills and purchasing large animals and a reserve against economic and agricultural 

production hardship or monetary saving and investment in addition to many of other socio-economic and 

cultural functions(Tibbo, 2006). Livestock production is an integral part of agricultural system and plays 

an important role in the nutrition and economy of the people. There are traditional and indigenous 

systems of cattle and small ruminant’s production practices in different parts of the region(Gebretsadik 

and Anal, 2014).  

Feed cost accounts for about 60-70% of the total animal production cost. This is mainly due to the high 

cost of the commercial concentrate feeds. Especially under the resource poor smallholder farmers it is 

difficult to invest on feed purchase for animal fattening. This discourages the producers not to invest on 

livestock businesses. This calls for developing less cost alternative supplementation feeding technology 

suitably to the smallholder and commercial farmers. Moreover, the local animal breeds could have 

different response to the different supplementation feeding options as there is genetic and nutrition 

interaction. It is necessary to see the performance of local animals under various feeding options to 

formulate appropriate feeding strategy promoting optimum feed utilization and animal performance. 

Hence, this study is designed to evaluate the growth performance, potential body weight and carcass 

characteristics of Tigray Highland sheep breed under alternative feeding options. 
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Materials and methods 

Descriptions of the study area 

The feeding experiment was conducted at mandate area of Alamata Agricultural Research Center, Ofla 

district, Awlie-gara research site, which is located in Southern Tigray, north Ethiopia. The site is located 

at 621 km from Addis Ababa (the capital city of Ethiopia) to the north direction and 160 km from 

Mekelle (capital city of Tigray regional state) to the south direction. The area is located at 12010’0” N and 

39013’0” E and at an altitude of 2494 masl with an average annual rainfall of 806.5 mm.   The minimum 

and maximum temperature of the study area ranges from 6.80C-22.570C. 

Management of experimental animals 

Twenty-four yearling un-castrated male growing Tigray Highland sheep were purchased from the local 

market based on their dentition and information from the owners. The animals were drenched with a 

broad spectrum anti-helminthic drug against internal parasites and sprayed (Accaricide/Ectoparasite) 

against external parasites and vaccinated against common diseases like anthrax, sheep pox and Ovine 

pasteurolosis before the start of the feeding experiment.  

The experimental animals were offered barley straw and clean water as free choice. Mixtures of 

concentrate feed, salt and limestone were provided as supplementation daily in their individual pens 

according their current body weight. The experimental animals were adapted to the feeds, feeding 

schedule and pen environment for about 14 days. In addition, the animals were carefully watched for any 

health problem during the course of the study.   

Preparation of experimental feed 

Concentrate feeds such as cotton seed cake, noug seed cake and molasses used for the experiment were 

purchased from Mekelle city. However, the other feeds like wheat bran and maize grain were purchased 

from Alamata wheat flour milling factory and Alamata town respectively. Dried brewery grain was 

purchased from Raya Brewery Factory, Maichew. Basal diet (barely straw) was purchased locally from 

farmers of around the study area. 

Experimental design and treatments 

The experiment was conducted using a randomized complete block design (RCBD) with three treatments 

and 8 replications. The animals were blocked based on their initial body weight into eight blocks of three 

animals each and treatment diets were randomly assigned to each animal. In this case each experimental 

animal within the block was getting equal chance of receiving one of the treatment diets.  

The supplemental feed mixture was offered approximate value of 63% of energy sources, 35% of protein 

sources, 1% salt and 1% limestone on DM base per head per day. The supplement feeds were offered in 
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two equal portions twice a day at 10:00 AM and 4:00 PM after the animals well fed the basal feed and 

taking clean water through all the experimental period.  

The supplementary feed was furnished according to the growth requirements of the experimental animals 

based on the recommendations of the NRC (1985) and by considering their body weight and the expected 

weight gain. Therefore, to set the feed allowance a maximum daily weight gain of 100g of small mature 

weight lambs was considered. The animals were considered to be fed according their initial body weight 

and increase the amount of the feed depending on daily body weight gain within the recommendation of 

NRC (1985) for each experimental animal. In addition to this, the ration was formulated as iso-

nitrogenous. This does mean that each experimental animal had received approximate equal CP amount.   

Then after, feed supplementation provision was adjusted fortnightly depending on current live weight of 

the animals based on weighing weekly measurement. The feed ingredients used in the experiment were 

easily local available specially DBG, BS, MG and WB. Fresh water and barely straw were offered ad-

libitum throughout the experimental period. The experiment was lasted for total of 104 days (14 days of 

adaptation period and 90 experiment days).   

Treatment diets  

T1 = Adlib barely straw + molasses 15% + wheat bran 48% + cotton seed cake 35% + salt 1% + 

limestone 1%  

T2 = Adlib barely straw + maize grain 20% + wheat bran 43% + noug seed cake 35% + salt 1% + 

limestone 1%  

T3 = Adlib barely straw + maize grain 20% + wheat bran 33% + dried brewers' grain 45% + salt 1% + 

limestone 1%  

Data measured 

Feed intake 

Daily offered and refusal of each treatment diets were measured and recorded throughout the 

experimental period for each experimental animal. Samples of feed offered were collected on batches of 

feeds for each animal and pooled for each treatment. Daily feed intake of individual animal was recorded 

as a difference between the feed offered and the refusal feeds. Simply, it was calculated as:  

Daily feed intake = feed offered – feed refusal………………………………………Equation1 

Feed conversion efficiency 
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The feed conversion efficiency was calculated as a proportion of daily live weight gain to daily feed 

intake. Simply, it was computed as:  

 

Feed Conversion Efficiency (FCE) = Daily Body Weight Gain(g) .............................Equation2 

                                                      Daily Dry Matter Intake(g) 

Live weight change 

Initial body weight of the experimental animals was measured at the beginning of the experiment after 

overnight fasting by using weighing spring balance. Progress live weight of each animal was recorded at 

7 days interval, after overnight fasting at 6:00am before daily feed and water offering. Average daily live 

weight gain(g/day) was calculated as the difference between final live weight and initial live weight of the 

animal divided by the number of feeding days. This was calculated by the formula as:  

Average Daily Body Weight Gain (ADBWG) = Final Body Weight (FBW) – Initial Body Weight (IBW) 

    Number of Feeding Trial Days--------------------------------------------------------------------- --Equation3 

Apparent digestibility 

The digestibility trial was undertaken at the last 10 days of the feeding trial using the same animals and 

dietary treatments.  The feces collection was conducted for 7 consecutive days after 3 days of adapting the 

animals to the carrying of fecal collection bags. The collection of fecal material was performed daily and 

weighed every morning before offering the feed. The daily fecal collection from each animal was mixed 

in air tight plastic containers carefully, and 10% sampled fecal material was taken and made ready for 

chemical analysis. Feed samples from each feed ingredient was collected and prepared for chemical 

analysis.  Feed offer and refusal was measured daily for each experimental animal and body weight gain 

of each animal was taken at the first and last days of the fecal collection period.Apparent digestibility 

coefficient (DC) of each nutrient (OM, CP, NDF, ADF and ADL) was calculated using the general 

formula for the digestibility coefficients as below (McDonald et al, 2002). 

  

Digestibility Coefficient (DC) (%) = Nutrient consumed - Nutrients excreted in the feces   X 100 

                                                                                        Nutrients consumed ………………Equation4 
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Chemical analysis 

Pooled samples from each feed ingredients and their mix diets and feces materials were ground to pass 

through 1mm sieve screen size. Thereafter, the ground samples were subjected to chemical analysis for 

DM, CP (Nx6.25) and ash using the standard procedures of AOAC (1990).  Similarly, the acid detergent 

fiber (ADF), neutral detergent fiber (NDF) and acid detergent lignin (ADL) content of the feed and feces 

samples were determined through the procedures of Van Soest et al. (1991). All feed diets including the 

mixture were chemically analyzed before the experiment undertaken at DebreZeit agricultural research 

center. But, the feaces used to apparent digestibility was analyzed later after the experiment accomplished 

at the same laboratory. According AFRC (1993) EME was calculated as,  

Estimated MEI (MJ/kg DM) = Digestible Organic Matter Intake X 0.0157--------------------------------------

--------------------------------------------------------------------------------------------Equation 5  

Carcass parameters 

A total of 12 experimental animals (four animals from each treatment) were randomly selected for 

evaluation of carcass characteristics. The experimental animals were fasted overnight and slaughtered in 

Alamata local abattoir following the standard procedures of animal slaughtering. After slaughtering, the 

hot carcass weight was measured directly using weighing spring balance. However, empty body weight 

was computed as the difference between slaughter body weight and weight of gut fill content as 

following: 

Empty Body Weight (EBW)(kg)

= Slaughter Body Weight (kg)–  Gastro − Intestinal Tract content(kg) − Equation 6  

The dressing percentage of the experimental animals was calculated by both slaughter body weight base 

and empty body weight bases using the following formula:  

Dressing Percentage (DP) (Slaughter body weight base)  = (Hot carcass weight   X 100 

                                                                                             Slaughter bodyweight)- - Equation 7 

 

Dressing Percentage (DP) (Slaughter body weight base) = Hot carcass weight   X 100 

                                                                                             Slaughter bodyweight 

…………………………………………………………………………………………. Equation 7  

and 
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Dressing Percentage (DP) (Empty body weight base) = Hot carcass weight      X 100 

                                                                                         Empty body weight 

……………………………………………………………………………………...Equation 8 

The rib eye area(cm2) were calculated by taking traced on transparency paper between the thoracic ribs of 

11th and 12th after chilled at 40C overnight. The rib-eye area, which is an indirect estimate of body 

musculature or lean meat of the body, indicates the muscular development of the animal(Galal et al., 

1979a). The rib-eye area was taken as the mean of the two sides of the ribs. 

Partial budget analysis 

Economic analysis was conducted using standard partial budget analysis guideline of CIMMIT (1988). 

The partial budget analysis involves calculation of the variable costs and benefits. At the beginning of the 

experiment, the purchase price of animals and feed costs were recorded. Likewise, at the end of the 

experiment the price of the animals was recorded. The partial budget analysis method measures profit or 

losses, which are the net benefits or differences between gains and losses for the proposed change and 

includes calculating net return (NR), i.e., the amount of money left when total variable costs (TVC) are 

subtracted from the total returns (TR):  

       NR (Birr) = TR-TVC………………………………………………………….Equation 9 

Total variable costs include the costs of all inputs that change due to the change in production technology. 

The change in net return (∆NR) was calculated by the difference between the change in total return (∆TR) 

and the change in total variable cost (∆TVC), and this is often used as a reference criterion for decision on 

the adoption of a new technology: 

   ∆NR = ∆TR- ∆TVC…………………………………………………………………Equation10 

Control group was used as comparison of ∆TVC in the study for the new technologies with the existing 

fattening practice around the study area. The data was taken by survey from farmers, which were 

practiced as small-scale fattening approximately for three months duration.  

 

The marginal rate of return (MRR) measures the increase in net income (∆NR) associated with each 

additional unit of expenditure (∆TVC). This is expressed by percentage. 

        MRR (%) = ∆NR / ∆TVC X 100%.......................................................................Equation 11 

Statistical analysis 
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The data of feed intake, final body weight, body weight gain, digestibility, feed conversion efficiency and 

carcass parameters were subjected for analyses of variance (ANOVA) using the General Linear Models 

(GLM) procedure of SAS (SAS, 1998). Significant treatment means were separated using Fishery LSD at 

5%. Results were summarized and presented using tables, figures and graphs. Relationships amongst the 

dependent variables were examined using Pearson’s correlation function. The statistical model used for 

the analysis of all parameters was: 

                        Yij = µ + ai + bj+ eij 

 Where:  Yij  =  response variable (DMI, FBW, BWG, digestibility, FCE, carcass parameters etc) 

              µ   =     overall mean 

                ai     =       ith treatment effect 

                bj     =     jth block effect 

                eij     =     random error 

 

Results 

Chemical composition of feed ingredients and experimental rations 

Chemical compositions of feed ingredients and experimental rations are presented in Table 1. The current 

study showed that DM content of barely straw (91.23%) was comparable with that of concentrate feeds 

except molasses (68.5%). The CP (4.86%) content of the basal feed (barley straw) was lower than the 

concentrate feeds. But barley straw had higher fiber contents with 77.25% NDF and 43.65% ADF when 

compared to that of concentrate feeds which had below 45% NDF except dried brewery grain (54.89%). 

Likewise, barely straw was higher in its hemicellulose and cellulose as compared to the other feed 

ingredients. But it was inferior by its soluble matter and soluble carbohydrate.  
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Table 1. Chemical compositions of feed ingredients and dietary treatment rations 

Parameters  Feed ingredients Treatment diets 

BS WB NSC CSC DBG MG Mol T1 T2 T3 

DM(%DM) 91.23 92.37 92.85 93.25 93.15 91.24 68.5 88.96 91.95 93.27 

Ash(%DM) 10.11 6.96 9.79 7.61 9.02 14.61 6.5 7.78 9.28 9.68 

OM(%DM) 89.89 93.04 90.21 92.39 90.98 85.39 93.5 92.22 90.72 90.32 

CP(%DM) 4.86 15.68 34.68 39.07 21.17 12.58 6.56 25.18 24.28 21.95 

NDF(%DM) 72.25 35.55 30.29 37.31 54.89 19.15 - 36.45 33.25 37.85 

ADF(%DM) 43.65 11.86 24.68 25.69 26.45 5.8 - 16.04 17.14 14.6 

ADL(%DM) 6.89 2.59 7.08 5.89 5.02 3.69 - 3.47 5.36 4.07 

Soluble matter1 22.75 64.45 69.71 62.69 45.11 80.85 - 63.55 66.75 62.15 

Hemicellulose2 28.6 23.69 5.61 11.62 28.44 13.35 - 20.41 16.11 23.25 

Cellulose3 36.76 9.27 17.6 19.8 21.43 2.11 - 12.57 11.78 10.53 

Soluble carbohydrate4 8.78 41.81 25.24 16.01 14.92 53.66 86.94 31.99 32.83 34.46 

EME (MJ/kg DM) ND ND ND ND ND ND ND 11.74 12.41 11.60    
BS=barely straw, WB = wheat bran, NSC = noug seed cake, CSC=cotton seed cake, DBG=dried brewery grain, 

MG=maize grain, Mol=molasses, T1= molasses 15% + wheat bran 48% + cotton seed cake 35% , T2 = maize grain 

20% + wheat bran 43% + noug seed cake 35%, T3 = maize grain 20% + wheat bran 33% + dried brewers grain 45% 

, DM = dry matter, OM = organic matter, CP = crude protein, NDF = neutral detergent fibre, ADF = acid detergent 

fibre, ADL = acid detergent lignin,  EME= estimated metabolizable energy; MJ= mega joule; ND= not determined; 1 

100% - NDF(%DM) ; 2 NDF(%DM) - ADF (%DM); 3 ADF(%DM) - ADL(%DM) (Mani et al., 2006b) cited in 

(Adapa et al., 2009); 4 100% - (NDF(%DM) + CP(%DM) +Ash(%DM)). 

This is obviously known, because of its higher contents of NDF and ADF. The CP content was more for 

all the concentrate feeds except molasses (6.56%) with the highest for cotton seed cake (39.07%) and 

followed by noug seed cake (34.68%), dried brewery grain (21.17%), wheat bran (15.68%), maize grain 

(12.58%) in that order. 

The crude protein (22-25%) contents of the three treatment rations were comparable with a slight 

decreasing tendency from T1 to T3 (Table 1). Similarly, the estimated metabolizable energy (11.60-12.41 

MJ/kg DM) was comparable across the three dietary treatments within the references of digestible OM of 

the concentrate mix. 

Feed and nutrient intake 

DM and nutrient intake of Tigray Highland sheep fed three different supplementation feeds based on 

barely straw is presented in Table 2. The result of the current study showed that there were significant 

differences (P<0.05) in total DMI and total OMI among T3 and the other two treatments. There was 

higher total DMI recorded in animals fed maize grain 20% + wheat bran 33% + dried brewers' grain 45% 

(T3) as compared to animals fed molasses 15% + wheat bran 48% + cotton seed cake 35% (T1) and 

maize grain 20% + wheat bran 43% + noug seed cake 35% (T2).  
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There was no significant difference in daily dry matter intake between T1 and T2 (P>0.05). Similarly, the 

barley straw intake was higher for animal group in T3 (455 g/day/head) than that of T1 (401 g/day/head) 

and T2 (394 g/day/head) (P<0.05). But there was no significant variation between T1 and T2 (P>0.05). 

Likewise, the daily total DM intake per metabolic body weight of animals showed significant difference 

(P<0.01) among the treatments with the highest in T3 (80.88) and followed by T1 (72.31) and T2 (72.06) 

in that order.  

Average voluntary intake of 75g DM/kg W0.75 was found for the experimental animals. Moreover, the 

experiment indicated that there was significant difference (P<0.01) in total DMI as percent of body 

weight among treatments. The experimental sheep took an average DM of 3.35% of their body weight.  

Table 2. Daily feed and nutrient intake of Tigray Highland sheep fed different supplement feeds based on 

barely straw 

Parameters Treatments SL SEM 

T1 T2 T3 

DMI(g/day)      

Barely straw DMI 401.48b 394.32b 455.82a * 10.13 

Supplement DMI 409.23b 403.89b 461.46a * 9.66 

Total DMI 810.71b 798.21b 917.28a * 19.07 

Total DMI (g/kg W0.75) 72.31b 72.06b 80.88a ** 1.25 

Total DMI (% BW) 3.24b 3.23b 3.60a ** 0.05 

Nutrient intake (g/day)      

Barely straw OMI 360.89b 354.45b 409.74a * 9.11 

Supplement OMI 377.40b 366.41b 416.79a * 8.32 

Total OMI 738.29b 720.86b 826.53a * 16.97 

Barely straw CPI 19.51b 19.16b 22.15a  * 0.49 

Supplement CPI 103.53 102.16 103.84 ns 0.99 

Total CPI 123.05 121.32 125.99 ns 1.35 

NDF intake 439.24    419.19 434.74 ns 7.01 

ADF intake 227.166 233.847 224.466 ns 3.30 

ADL intake 55.73 56.24 55.10 ns 0.78 

Soluble matter intake 388.98b 394.02b 445.40a * 10.58 

Hemicellulose intake 189.60 177.84 178.41 ns 5.25 

Cellulose intake 199.03 192.53 202.45 ns 3.14 

Total soluble carbohydrate intake 176.11b 190.10b 220.81a * 6.25 

EME intake (MJ/day) 8.67c 8.94b 9.57a *** 0.08 
abc= means within the same rows bearing a common superscript not significantly;* = (P<0.05); ** = (P<0.01); *** = 

(P<0.001); T1= molasses 15% + wheat bran 48% + cotton seed cake 35% , T2 = maize grain 20% + wheat bran 43% 

+ noug seed cake 35% , T3 = maize grain 20% + wheat bran 33% + dried brewers' grain 45% , DM = dry matter, 

OM = organic matter, CP = crude protein, NDF = neutral detergent fibre, ADF = acid detergent fiber, ADL = acid 

detergent lignin,  EME= estimated metabolizable energy; MJ= mega joule. 
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Daily nutrient intake of OM, CP, NDF, ADF and ADL of Tigray Highland sheep is presented in Table 2. 

As per the table, there was a significant difference (P<0.05) in total OM intake between treatments. 

Animals in T3 (826 g/day/head) was higher in their OM intake as compared to T1 (738 g/day/head)) and 

T2 (720 g/day/head) (Table 2). However, there was no significant differences (P>0.05) in total CP intake 

among the three treatments. This might be due to the case of iso-nitrogenous provision among the lambs 

of all treatment.  

The estimated metabolizable energy intake was significantly different amongst the three dietary 

treatments (P<0.001) with the highest in T3 (9.57 MJ/day/head) and followed by T2 (8.94 MJ/day/head) 

and T1 (8.67 MJ/day/head) consecutively.  Non-significance difference (P>0.05) was observed amongst 

the treatments in their fiber intake (NDF, ADF and ADL). Similarly, lack of significance differences was 

observed in hemicellulose and cellulose intake among treatments. But there were significant differences 

(P<0.05) in soluble matter and total soluble carbohydrate intake among treatments. Animals in T3 had 

consumed higher amount of soluble matter and total soluble carbohydrate as compared to T1 and T2. 

Live Weight Change and Feed conversion efficiency 

Result on final body weight, average daily body weight gain, body weight change and feed conversion 

efficiency of Tigray Highland sheep fed optimum supplementation of concentrate feeds are presented in 

Table 3. The result indicated that there was no significant different (P>0.05) in final body weight, daily 

body weight gain and body weight change among treatments. But numerically sheep fed on T3 had higher 

final body weight (29.44 kg), daily body weight gain (97.69 g/day) and body weight change (10.06 kg) as 

compared to T1 (28.50 kg, 91.02 g/day and 9.38 kg) and T2 (28.00 kg, 84.35 g/day and 8.69 kg), 

respectively (Table 5). Likewise, no variation was observed in feed conversion efficiency (FCE) between 

treatments (P>0.05). 

Feed conversion efficiency of Tigray Highland sheep is presented in Table 5. Feed conversion efficiency 

was not significantly different (P>0.05) among treatments. The value of feed conversion efficiency for 

Tigray Highland sheep in the current study were 0.105, 0.101 and 0.109 for T1, T2 and T3, respectively 

with an average of 0.105 (Table 3). Feed conversion efficiency tells the ability of the animal breed in 

converting feed to tissue.  
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Table 3. Final body weight, average daily body weight gain, body weight change and feed conversion 

efficiency of Tigray Highland sheep fed different concentrate feeds 

 

Parameters 

Treatments  

LS 

 

SEM T1 T2 T3 

Initial body weight(kg) 19.13 19.31 19.38 ns 0.17 

Final body weight(kg) 28.50 28.00 29.44 ns 0.46 

Body weight change(kg) 9.38 8.69 10.06 ns 0.43 

Average daily body weight gain(g/day) 91.02 84.35 97.69 ns 4.15 

Feed conversion efficiency (g BWG/g DMI) 0.105 0.101 0.109 ns 0.0035 
SEM = Standard error of mean, LS= level of significant, DMI = dry matter intake; BWG = body weight gain, T1 = 

Adlib barely straw + molasses 15% + wheat bran 48% + cotton seed cake 35%, T2 = Adlib barely straw + maize 

grain 20% + wheat bran 43% + noug seed cake 35%, T3 = Adlib barely straw + maize grain 20% + wheat bran 33% 

+ dried brewers' grain 45%. 

Digestibility of treatment feeds 

Apparent digestibility of DM, OM, CP, NDF and ADF of Tigray Highland sheep fed different 

supplementation mix is presented in Table 4. Non significance difference was observed in the digestibility 

of DM, OM and CP among treatments (P>0.05). Similarly, the apparent digestibility of NDF and ADF 

was not significantly different(P>0.05) among treatments.  

 

Table 4. Apparent digestibility coefficient of diets in Tigray Highland sheep fed different 

concentrate mix based on barely straw 

Parameters Treatments LS SEM 

T1 T2 T3 

Apparent Digestibility       

DM% 69.07 70.10 70.21 ns 0.53 

OM% 76.24 76.17 75.87 ns 0.80 

CP% 81.07 71.94 81.29 ns 2.41 

NDF% 65.27 66.35 68.30 ns 0.71 

ADF% 60.367 63.149 61.890 ns 0.66 

SEM = standard error of mean; SL= significant level; ns= not significant; DM= dry matter; OM= organic matter; 

CP= crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber; T1 = Adlib barely straw + molasses 

15% + wheat bran 48% + cotton seed cake 35%; T2 = Adlib barely straw + maize grain 20% + wheat bran 43% + 

noug seed cake 35%; T3 = Adlib barely straw + maize grain 20% + wheat bran 33% + dried brewers' grain 45%. 
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Carcass weight, dressing percentage and rib-eye muscle area 

Slaughter body weight, hot carcass weight, empty body weight, and other parameters are presented in 

Table 5. The slaughter weight of the individual lamb taken randomly from each treatment had the same 

weight with final body weight. Slaughter body weight, hot carcass weight, empty body weight and 

dressing percentage based on slaughter body weight were significantly different (P<0.01) among the 

treatments.  

Table 5. Slaughter weight, hot carcass weight, empty body weight, rib-eye area and dressing percentage 

of Tigray Highland sheep fed different supplementation feedings 

 

Parameters 

Treatments SL SEM 

T1 T2 T3   

No. of animal slaughtered  4 4 4   

Slaughter weight(kg) 28.00b 27.38b 30.88a  ** 0.55 

Hot carcass weight(kg) 12.75b 11.78b 14.50a ** 0.38 

Empty body weight(kg) 23.53b 21.88c 25.90a *** 0.54 

Dressing percentage based on:      

Slaughter body weight (%) 45.55ab 42.99b 46.98a * 0.70 

Empty body weight (%) 54.21a 53.90a 55.98a ns 0.81 

Rib-eye area(cm2) 11.27 b 10.78b 13.38a *** 0.37 
T1 = Adlib barely straw + molasses 15% + wheat bran 48% + cotton seed cake 35%, T2 = Adlib barely straw + 

maize grain 20% + wheat bran 43% + noug seed cake 35%, T3 = Adlib barely straw + maize grain 20% + wheat 

bran 33% + dried brewers' grain 45% 

Sheep supplemented on treatment three (T3) had the heavier slaughter body weight (30.88 kg), hot 

carcass weight (14.50 kg), empty body weight (25.90 kg), and the highest dressing percentage based on 

slaughter body weight (46.98%) as compared to the other treatments with 28.00 kg, 12.75 kg, 23.53 kg 

and 45.55% for T1 and 27.38 kg, 11.78 kg, 21.88 kg and 42.99% for T2, respectively (Table8). But 

dressing percentage based on empty body weight was not significantly different (P>0.05) between the 

treatments with the value of 54.21% for T1, 53.90% for T2 and 55.98% for T3.  

The mean value of right and left side of the ribs of Tigray Highland sheep supplemented different 

concentrate feeds are presented in Table 8. The cross-section area of rib eye muscle, which is frequently 

used as a measure of carcass lean, showed higher values in the optimum supplementation feeding 

experiment. Rib-eye area is an indirect estimate of body musculature, or lean meat of the body. In this 

study it was obtained higher rib-eye area (cm2) for animal group in T3 (13.38 cm2) as compared to that of 

T1 (11.27 cm2) and T2 (10.78 cm2). This study indicated that when animals are kept under adequate 

nutrient requirements, they can able to increase muscle development, bone, accumulation of fat and other 

organs.  
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Partial budget analysis 

Economic analysis was conducted using standard partial budget analysis guideline of CIMMIT (1988). It 

only involved the calculation of major cost of sheep feed (variable cost) and benefit gains from sale price 

of sheep without considering other cost like labour, housing and veterinary service which was common 

for all treatments. Partial budget measures profit or loss, which are the net benefits or difference between 

gains and losses for the proposed change. Gain includes added return and reduced costs; losses include 

added costs and reduced returns.  

The results of the partial budget analysis are reported in Table 6. Cost of barely straw was higher in T3 

(48.55) as compared to T1(44.00), T2(43.27) and control (28.50) in Ethiopian Birr. On the contrary, cost 

of concentrate was lower in T3(176.29) as compared to T1(236.70) and T2(223.70) in Ethiopian Birr next 

to the control. In general, cost of feed was higher in T1 and T2 as compared to the control and T3 (Table 

6).  

However, total return and net return (ETB/head) were higher in T3 (700 and 475.16) as compared to 

T1(600 and 336.91), T2(500 and 250.36) and control (300 and 165.82), respectively. Similarly, the 

marginal rate of return in ratio was higher in T3 (4.24) as compared to T1 (1.61) and T2 (1.17) (Table 6). 

This partial budget analysis was important to calculate the more profitability of conventional feeds for 

choosing between treatments.  
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Table 6. Partial budget analysis of Tigray Highland sheep fed different concentrate mix barely straw 

based. 

 

List of items  

Treatments 

Control T1 T2 T3 

Barely straw intake (kg/head) 31.5 44 43.27 48.55 

Grass hay intake (kg/head) 14.5 - - - 

Mixed concentrate intake(kg) 32.05 45.13 43.1 48.32 

Wheat bran intake (kg) - 21.66 18.55 16.91 

Noug seed cake intake (kg) - - 15.1 - 

Cotton seed cake intake (kg) - 15.8 - - 

Dried brewery grain intake (kg) - - - 21.74 

Maize grain intake (kg) - - 8.63 9.26 

Molasses intake (kg) - 6.77 - - 

Salt intake(kg) - 0.45 0.43 0.49 

Limestone intake(kg) - 0.45 0.43 0.49 

Local brewery (Atela) intake(kg) 18.5 - - - 

Grain offal’s intake(kg) 12.5 - - - 

Cost for animal’s purchase (ETB/head) 750 850 850 850 

Cost for barely straw (ETB/kg) 28.50 44.00 43.27 48.55 

Cost for wheat bran (ETB/kg) - 75.81 64.93 59.19 

Cost for noug seed cake (ETB/kg) - - 105.7 - 

Cost for cotton  seed cake(ETB /kg) - 121.19 - - 

Cost for dried brewery grain (ETB/kg) - - - 57.84 

Cost for maize grain (ETB/kg) - - 47.465 53.15 

Cost for molasses (ETB/kg) - 33.85 - - 

Cost for salt (ETB/kg) 5.25 2.25 2.15 2.35 

Cost for limestone (ETB/kg)  3.6 3.44 3.76 

Cost for local brewery (Atela)(ETB/kg) 20.54 - - - 

Cost for grain offal’s (ETB/kg) 62.5 - - - 

Total concentrate cost (ETB/kg) 88.29 236.70 223.68 176.29 

Total feed cost (ETB/kg) 134.19 263.09 249.64 224.84 

Gross income (ETB/head) 1050 1450 1350 1550 

Total return (ETB/head) 300 600 500 700 

Net return (ETB/head) 165.82 336.91 250.36 475.16 

∆NR - 208.01 134.91 384.50 

∆TVC - 128.91 115.46 90.66 

MRR% - 161.36 116.85 424.12 

MRR (Ratio) - 1.61 1.17 4.24 
T1 = Adlib barely straw + molasses 15% + wheat bran 48% + cotton seed cake 35%, T2 = Adlib barely straw + 

maize grain 20% + wheat bran 43% + noug seed cake 35%, T3 = Adlib barely straw + maize grain 20% + wheat; 

∆NR = change in net return; ∆TVC = change in total variable cost; MRR = marginal rate of revenue; ETB= 

Ethiopian birr 
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Discussions 

Chemical composition of feed ingredients and experimental rations 

The DM content of barley straw (91.23%) was almost similar with other research works. Similarly, the 

CP of barley straw (4.86%) was comparable with that of Solomon et al., (2008) (2-5%), and Animut and 

Gebreselassie (2011) (4.66%). But higher CP result was reported by Ensminger et al. (1990) (5.2%) and 

lower CP by Mesfin and Ledin (2004), Dawit (2007), Adapa et al. (2009) and Wondatir (2010) with 4%, 

3.9%, 3.62% and 3.55%, respectively. A diet should have a minimum of 7.5% CP for optimum rumen 

function but, the CP value of barely straw was below the above figure. The variation in CP contents of the 

barley straws could be attributed to the difference in plant variety, soil type, management practices, 

harvesting stage and others.  

Likewise, the fiber content (NDF, ADF and ADL) of the basal feed (barley straw) was comparable with 

other studies (Animut and Gebreselassie (2011) 77.5%, 51.2% and 7.92%; Wondatir (2010) 76.77%, 

52.84% and 12.14%; and Mesfin and Ledin (2004) 78.9%, 50.2% and 6.1%); respectively. The cellulose 

and hemicellulose of barely straw was in parallel result with Adapa et al. (2009) 33.25% and 20.36% and 

Mesfin and Ledin (2004) for hemicellulose 28.8%, respectively. The high content of NDF in barley straw 

may imply low intake of the basal diet since NDF is a major factor regulating feed intake as it is the major 

component limiting rumen fill, and directly correlated with rumination or chewing time (Cheeke, 1999). 

Cereal straws and stovers form the bulk of crop residues which characterized by low digestibility (<50%), 

low metabolized energy (ME) content (<7.5MJ/kg DM), low CP content (<60g/kg DM) and low content 

of available minerals and vitamins (Owen, 1985). Animals solely fed on crop residues occurs severe 

weight losses. But, many Ethiopian farmers conserve crop residue for use during the critical period of the 

dry season. 

All the concentrate ingredients have sufficient protein contents (15-39%) except molasses (6.56%). 

Molasses are considered as energy rich feed ingredient due to its high soluble carbohydrates (86.94) 

(Table 3). The cotton seed cake (39.07%) and noug oil seed cake (34.68%) have high nitrogen contents 

which indicating their potential source as protein supplement for animals. This result was slightly 

comparable with the findings of Wondatir (2010) for WB (16.87%), NSC (34.5%), CSC (42%) but, the 

same author reported lower result for molasses (3.99%). Almost similar result was obtained by Mesfin 

and Ledin (2004) for WB (15.1%), NSC (31.2%) and molasses (6.4%); by Gebretsadik and Kebede 

(2011) for WB (16.2%), NSC (34.7%) and CM (24.56%); and by Hagos and Melaku (2009) for WB 

(16.82%) and NSC (34.52%). But lower CP content was reported for the same feeds by Getahun (2014) 

for WB (14%), NSC (30.1%) and MG (9.2%), Degu et al. (2009) for NSC (32%) and Gebremariam et al. 

(2006) for NSC (25.2%). This variation might be due to various factors which affect the chemical 

composition of feed stuffs. These are storing place, time of store and other environmental factors affect 

the chemical composition of feeds. 
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According to Lonsdale (1989) cited in Hagos and Melaku (2009) feeds that have<120, 120-200 and 

>200g CP/kg DM are classified as low, medium and high protein sources, respectively. Likewise, feeds 

that have < 9, 9 - 12 and >12 MJ ME/kg DM are classified as low, medium and high energy sources, 

respectively.  Based on this classification, the barley straw (basal diet) with 48.6 g/kg DM crude protein 

could be taken as low protein feed source.  

The concentrate mix had CP content of 251.8, 242.8 and 219.5 g/kg DM for T1, T2 and T3, respectively 

which are classified as high protein. The CP was comparable across treatments as this was made 

deliberately to be iso-nitrogenous. Similarly, the EME MJ/kg DM of the dietary treatments T1 (11.74), T2 

(12.41) and T3 (11.60) were categorized as the above classification, moderately in their energy value.  

Feed and nutrient intake 

The high feed DM intake consumed by the Tigray Highland sheep could be attributed to the optimum 

feeding level with sufficient protein and energy supplementation to the rumen microbes.  The 

supplementation might have created a favourable rumen environment resulting in enhanced fermentation 

of the basal roughage and thus increased feed consumption. Adequate supply of nutrients can facilitate 

large amount of DM intake, which resulting in higher body weight change. The higher feed intake 

achieved in T3 might be explained by the variation of large quantity of concentrate feed settled in T3 than 

T1 and T2. It could be also explained by the high DM digestibility seen in T3 than T1 and T2. The ratio 

of roughage to concentrate was 50:50 in all treatments. To maintain normal pH of rumen environment 

beyond this ratio of concentrate to roughage ratio is not recommended. Reduction in rumen pH decreases 

fermentation of fiber due to selecting against cellulolytic microbes and the high acid production is 

accomplished at the expense of microbial efficiency (Van Soest, 1994). Similarly, Ghol (1981) cited in 

Hagos and Melaku (2009) also reported that an excessive energy and protein supplementation may create 

acidic media in the stomach and cause digestive disorder, and thereby reduce digestibility and feed 

utilization. 

The current DM intake (798.21-919.29g/d) for Tigray Highland sheep was comparable with other 

researchers (Degu et al., 2009; Alhassan, 2011; Kitaw et al., 2012; Mekonnen and Urge, 2015) who found 

729.2-909.4g/day for Tigray Highland sheep, 806.6 g/day for West African Dwarf sheep, 751-934g/day 

for Horro sheep and 869.8-940 g/day for Horro sheep, respectively. Similarly, Estifanos and Melaku 

(2009) and Negussie et al. (2015) reported almost similar result for intact and castrated Afar sheep (826.4-

963.7 g/day) and Black Head Ogaden sheep (636-831 g/day). Likewise, other studies (Biru, 2008; Gizat, 

2011; Hirut, 2008) slightly agreed with the current study for various Ethiopian sheep breeds.  

The higher feed intake seen in this study could be related with the animal breed, amount and type of 

supplementation, age of the animal and other uncontrolled factors. Especially the high supplementation 

level (50% of the total diet) seems to be the most important factor for the increased feed consumption. A 

better supply of escape protein in feed might have also possibly contributed to the higher feed intake, as 
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supply of escape protein was suggested to improve feed intake (Swanson et al., 2000). Leng et al. (1977) 

also reported increased dry matter intake and live weight gain when low nitrogen fibrous diets were 

supplemented with protein feeds. Dietary protein supplementation is known to improve intake by 

increasing the supply of nitrogen to the rumen microbes. This has a positive effect of increasing microbe 

population and efficiency and thus enabling them to increase the rate of breakdown of the digesta in the 

rumen. Similarly, Van Soest (1982) stated that the positive effects of supplementation on feed intake 

might also have been a reflection of the increase in the intake of essential nutrients such as energy, 

vitamins and minerals and in particular nitrogen that might have a positive effect on ruminal digestion, 

consequently more emptying of ruminal contents and creating ruminal space for more consumption of 

feeds.   

The DM intake based on metabolic body weight and percent of body for the Tigray Highland sheep was 

72.31, 72.06 and 80.88 (g/kg W0.75) and 3.24, 3.23 and 3.6 for T1, T2 and T3, respectively (Table 4). This 

result was comparable with that of Zewdie (2015) for Washera sheep with 66-73 g/kgW0.75 and 3-3.6% of 

body weight. Similarly, Hagos and Melaku (2009) found 70.08-75.84 g/kgW0.75 and 3.36-3.53% for Afar 

sheep fed different supplementation feed and Gebretsadik and Kebede (2011) with 3.3-3.9% for Tigray 

Highland sheep. But it was slightly less than that of Tesema et al. (2013) with 75.02-86.66 g/kgW0.75and 

3.6-4.25%. On the contrary, other studies reported lower result for the same parameter in which Tolera 

and Sundstøl (2000), Manaye et al. (2009), Alhassan (2011) and Gebremariam et al. (2006) reported 53.8-

66.1(g/kg W0.75), 63.1-67.9(g/kg W0.75), 33.06-43.24 (g/kgW0.75) and 54.3-65.0(g/kg W0.75) for Ethiopian 

local sheep, for hair type local sheep, West African Dwarf sheep and Tigray Highland sheep, respectively. 

The OM intake of Tigray Highland sheep was in the range of 720.86-826.53g/day (Table 4) which was in 

line with the finding of Mekonnen and Urge (2015) with 724.67-846.56 for Horro sheep. But it was 

disagreed with Diet and Hadgu (2014), Tesema et al. (2013), Nurfeta (2013), Gebreselassie et al. (2014) 

and Gebretsadik and Kebede (2011) who found 593.4-664.6 g/d, 674.90-693.64 g/day, 489-522 g/day, 

555.98-617.23 g/day and 536- 719 g/day for local Ethiopian sheep, Black Head Ogaden sheep, local 

sheep, local sheep and Tigray Highland sheep, respectively. Similarly, Dessie et al. (2010) also reported 

less OM intake (521.5-679.6g/day) for Simada sheep as compared to the current study. 

For better body weight gained animals have to get adequate energy and protein because the energy 

requirement of sheep is affected by body weight and rate of growth (gain) and protein content of the 

ration. Large animals require higher energy to attain their maintenance requirement than smaller animals. 

This is because of the increased rate of metabolism for energy in large animals. Moreover, fast rate of 

growth demands energy rich feeds or consumption of large amount feed (ARC, 1980). 

The CP intake (121.32-125.99 g/day) was almost similar across treatments because the animals in each 

treatment were offered iso- nitrogenous supplementation. This result was higher as compared with Kitaw 

et al. (2012a), Diet and Hadgu (2014) and Mekonnen and Urge (2015) with CP intake of 106-114g/day, 

102-104g/day and 79.9-100.5g/d for Horro sheep, local sheep and Horro sheep, respectively. On the 
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contrary, lower CP intake was reported by the current study as compared to Tesema et al. (2013) 109.99-

132.43 g/day for Black Head Ogaden sheep; Ali et al. (2012) 93.19-156.31g/day for Afar sheep and Hailu 

et al. (2011) 110.4-147.8 g/day for Washera sheep fed different supplementation. The variation in CP 

intake could be attributed to breed difference, feed type, length of feeding period and other unmentioned 

reasons. 

The CP intake of the Tigray Highland sheep was within the recommendation of NRC (1985). The CP 

intake was also within range of other scientific recommendations. Ranjhan (1993) indicated that a 25 kg 

sheep requires 806-891g DM and 94-137g CP for average daily body weight gain of 64-101 g. The same 

author added that a sheep with 20 kg weight requires 85 g CP and 46.8 g of DCP for growth. Similarly, 

McDonald et al. (2002) also indicated that daily metabolizable protein requirements of growing lambs of 

20 kg live weight gaining 100 and150 g/day is 61 and 76 g per day with a daily DM intake of 0.837 

kg/day. The minimal CP content of DM for maintenance of sheep should be 7.2 % if there is no any 

environmental stress (Crampton and Harris, 1996). Deficiency in protein supply results in reduced 

voluntary feed intake and less efficient use of roughage feeds. On the other hand, marked surplus of 

protein over optimum level also reduce the efficiency of the ration by increasing the heat increment loss 

from the body. 

In the current study, a higher energy intake was seen in T3 than the other two treatments with significance 

difference(P<0.001) between them. This variation seems to be the reflection of the DM intake and 

digestibility in which animals in treatment three achieved higher than T1 and T2. The energy intake was 

comparable with Kitaw et al. (2012a) with 8.4MJ/day for Horro sheep fed on natural grass and cotton 

seed cake; Diet and Hadgu (2014) with 8.7 MJ/day for local sheep fed 330 g Attla DM with grass as basal 

diet. But, lower energy intake (7.23 MJ/day) was reported by Hagos and Melaku (2009) for Afar sheep 

fed Teff straw basal diet with 350g concentrate feed.   

The consumed energy was sufficient enough for maintenance and gain based on recommendations. 

According to ARC (1980) the maintenance and growth (50-200 g) gain ME requirement for the same 

weight lamb is 4.5-7.9 MJ/day. Similarly, Forbes (1980) demonstrated that animals normally eat that 

amount of feed which satisfies their energy requirement. Under intensively reared conditions for finishing 

rations of a 20-30 kg body weight sheep, the nutrient requirements could be 0.65-0.85 kg DM, 52-65 g 

DCP and 1.4-2.00 ME Mcal (Ranjhan, 1993).  Hence, based on the above assumptions, EME MJ/day 

intake of the experimental sheep fulfils the energy requirements for maintenances and growth.   

 The intake of NDF, ADF and ADL was insignificantly different (P>0.05) among treatments. This might 

be implied that different concentrate mixture with iso-nitrogenous supplementation had not created effect 

among the fibrous materials.  The same result was reported by other studies (Hagos and Melaku, 2009, 

Mekonnen and Urge, 2015, Asnakew, 2005, Alemu et al., 2010, Estifanos, 2007) who found non-

significant differences (P>0.05) in NDF, ADF and ADL intake within supplemented animals.  
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Live Weight Change and feed conversion efficiency  

The body weight gain achieved for the barely straw based Tigray Highland sheep fed optimum 

supplementation diets was higher when compared with other previous studies with the same breed. This is 

obviously due to the optimum supplementation level with 50:50 ratio of roughage to concentrate. Degu et 

al. (2009); Gebretsadik and Kebede (2011) and Gebremariam et al. (2006)  reported below the current 

study for final body weight and daily body weight gained for the same breed of Tigray Highland sheep 

fed different concentrate mix. This might be due to the optimum supplementation of the animals based on 

their body weight and expected gain. Similarly, a lower body weight gain was reported by other 

researchers (Fitwi and Tadesse, 2013; Tesema et al., 2013; Dessie et al., 2010; Ali et al., 2012; and Hagos 

and Melaku, 2009). However, in agreement to the current finding, Getahun (2014) and Kitaw et al. 

(2012a) reported that an average final body weight of 28.37kg and 29.1kg recorded for Afar sheep fed 

450g concentrate mix and natural pasture hay + cotton seed cake and for Horro sheep fed 360g 

concentrate mix were supplemented, respectively.   

In general, optimum supplemented sheep in all treatments had achieved better body weight performance 

parameters like final body weight and average daily body weight gain. This can be explained by the fact 

that supplements result in improved animal performance in several ways, such as by providing essential 

nutrients for rumen microorganisms, enhancing the activity of rumen microbes, and providing nutrients at 

tissue level for the host ruminant (McDonald et al. 2002). The major proportion of the dietary protein in 

sheep fed on the highest CP intake might have been wasted by degradation in the rumen resulting in 

excess ammonia than could be utilized by the rumen microorganisms. Excess CP beyond the 

requirements of rumen microbes is either recycled or excreted in urine (McDonald et al., 2002) and the 

later may be the reason for obtaining similar body weight gain in sheep fed on the different treatments.   

The average daily body weight gain obtained in this study agreed with Bishaw and Melaku (2008) with 

82.44g/day for Ferta sheep fed 300g concentrate mix in the ratio of (1wheat bran: 2 noug seed cake) and 

Tesema et al. (2013) with 87.75g/day for Black Head Ogaden sheep fed 300g (150g Prosopis juliflora 

pod + 150g noug seed cake). Similarly,  Bovolenta et al. (1998) reported that weight gain of growing 

lambs was 83g/day  when 80% of the supplemented feed was brewery dried grain.  

However, earlier findings reported that the average body weight gain of different breeds of sheep were 

lower than the current study. Galal et al. (1979b) had got an average daily gain of 75g for Horro lambs 

supplemented with 300g concentrates to hay basal diet and Bonsi et al. (1996) also reported daily live 

weight gain of 62.9g for Menz sheep supplemented with 169g/d cotton seed cake. In addition  to this, 

Geleta et al. (2013)   found 74.8g daily body weight gain for Arsi-Bale sheep fed UMB, Worku et al. 

(2015) reported 75.1g/day for Washera sheep fed 100g concentrate mix + 360 sugar cane tops and 

Aschalew and Getachew (2013) found 65.6g/d for Ferta sheep fed 300g heat treated grass pea and 250 g 

concentrate mix.  
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Other authors also reported lower result for the same breed with the current study. Gebremariam et al. 

(2006), Degu et al. (2009) and Gebretsadik and Kebede (2011) had reported 52.88g/d, 69.1g/day and 

64.9g/day with concentrate supplementation of  302.6g(57.6g noug seed cake + 245g DM spineless 

cactus), 317g(172g DM cactus pear + 145 g DM cotton seed cake) and  250g concentrate mixture, 

respectively.  

There were no significant differences (P>0.05) in feed conversion efficiency among the iso-nitrogenous 

supplementation dietary treatments fed to the Tigray Highland sheep. This implies that there was almost 

similar feed utilization efficiency amongst the animals for a unit of body weight gain.  But, numerically 

sheep in T3 were higher feed convertor than the other treatments. According to Brown et al. (2001), 

animals that have a high FCE are considered efficient users of feed. 

The FCE for the Tigray Highland sheep was comparable with other studies (El Ashry et al., 1976; 

Asnakew, 2005; Hagos and Melaku, 2009; Gereslassie and Melaku, 2009; and Dessie et al., 2010) for 

Merino sheep, Hararghe Highland goats, Afar lambs, Arado sheep and Simada sheep which had not 

showed variation among different concentrate mix fed to sheep, respectively. Similarly, Gebreselassie et 

al. (2014) reported 0.11 FCE for Tigray Highland sheep fed dried leaves Acacia albida, Acacia seyal and 

their mixture; Moges (2005) with 0.13 for Wogera sheep fed dried brewery grain; Mengesha (2016) with 

0.10 for Menz sheep; and Worku et al. (2007) with 0.175 for Keffa sheep.  

On the contrary, the FCE was higher than that of Degu et al. (2009); Dessie et al. (2010); Tesema et al. 

(2013) and Hunegnaw (2015) for Tigray Highland sheep (0.05-0.08), Simada sheep (0.05-0.07), Black 

Head Ogaden sheep (0.024-0.029) and Wollo sheep (0.031-0.075) supplemented different concentrate 

feed, respectively. The high FCE seen in this study could be related with the high intake of nutrients 

(protein and energy). According to Gimenez (1994), as the amount of TDN increases in a ration, the rate 

of gain normally increases. Feed efficiency and overall performance are determined to a large extent by 

the level of TDN or energy in the ration. 

Digestibility of treatment feeds 

According to Do Thi (2001) cited in Worku et al. (2015), digestibility of a feed is most accurately defined 

as the DM proportion not excreted in the faeces, and therefore to be assumed absorbed by the body. 

Digestibility is influenced by breed, type and individuality of an animal, type of ration and level of 

feeding. In this study, the apparent digestibility of DM, OM and CP were not significantly 

different(P>0.05) among the iso-nitrogenous supplementation diets. This implies that the iso-nitrogenous 

supplementation diets had not created differences in the apparent digestibility of nutrients. The same 

finding was reported by Hagos and Melaku (2009); Kaitho et al. (1998); and Butterworth and Mosi 

(1985), who reported that the apparent digestibility of nutrients had not showed significant differences 

among levelled concentrate supplemented for sheep fed Teff straw as basal diet. This might be if animals 
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got adequate feed composition in iso-nutrient (especially protein), they can also digest fairly similar in the 

rumen. 

Van Soest (1994)  noted that there are strong relationships between diet composition and digestibility. 

Rumen microbial ecosystem and activity are influenced by the supplement type and level in the diet 

which determine the availability of minerals and nitrogen. Special attention is given to cell wall 

concentration in the ration as it is related to feed efficiency. Similarly, Sundstfll and Owen (1984) stated 

that optimization of the rumen function is of major importance for the digestion of diets based on low 

quality roughages. McDonald et al. (2002) also explained that any increase in protein intake may result in 

an increase in apparent digestibility of CP, especially if the intake is marginally sufficient in protein; 

however, the apparent digestibility of NDF and ADF are not affected. But, the primary chemical 

constraint of feeds that determines their rate of digestion is NDF. This constituent is a measure of cell 

wall content and rumen fill. Thus, there is a negative correlation between the NDF content of feeds and 

the rate at which they are digested. In the rumen, only when the NDF is digestible that its effect on rumen 

fills eliminated (Allen, 1996). 

The value of apparent digestibility for DM, OM and CP in the current study was slightly comparable with 

Estifanos and Melaku (2009) for Afar intact and castrated sheep (77-81; 80-82; 74-80); Hagos and 

Melaku (2009) for Afar sheep (66.62-68.5; 69.74-70.63; 71.93-83.31); DIET and HADGU (2014) for 

local sheep (61.1-67.5; 69.3-75.7; 69.3-75.7); Gebretsadik and Kebede (2011) for Tigray Highland sheep 

(68.7-72; 72-75; 77.6-79.2); Gebreselassie et al. (2014) for local sheep (67-69; 71-72; 68-73) and Dessie 

et al. (2010) for Simada sheep (64-71; 67-73; 78-85), respectively, which had fed different concentrate 

feeds with mainly Teff and barely straw used as basal feed. However, the apparent digestibility value of 

DM and OM of the current study were higher than that reported by Degu et al. (2009) for Tigray 

Highland sheep and Fitwi and Tadesse (2013) for indigenous sheep (Koraro) but, lower CP apparent 

digestibility value  when compared with the mentioned authors.  

Similarly, McDonald et al. (2002) stated the low digestibility of crop residues as major disadvantage is 

the low intake resulted on ruminant animals, and improvements in both digestibility and intake can be 

obtained by the addition of nitrogen in the form of protein.  Crop residues are generally of low nutritive 

value to ruminant livestock because of high fiber and low nitrogen content and consequently, low 

degradability in the rumen (Ndlovu and Sibanda, 1990). But, Pond and Church (1995) reported that  the 

addition of protein source to the diet might have stimulated the digestion of the basal diet so that the 

mixture was more digestible than when the basal diet was fed alone. This type of response is often 

observed, particularly for herbivore animals that depend to a great extent on microbial fermentation.  

The apparent digestibility of NDF and ADF did not show significant differences (P>0.05) among the 

treatments. The optimum supplementation of experimental animals could not create variation on the 

digestibility of fiber materials. This result agreed with Ash and Norton (1987), who reported 

supplementation with dietary protein had no effect on the digestibility of ADF and NDF. Similarly, 
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MacRae and Armstrong (1969) indicated that supplementation had little or no effect on digestibility of 

NDF and ADF, despite the depression of fractional digestion. More than optimum supplementation of 

concentrate feeds may create discomfort on animals. This might be due to the bulky nature of the feed at 

higher level of supplementation as it swells in the stomach and causes digestive disorder there by reduces 

digestibility (Gohl, 1981).  

Carcass weight, rib eye area and dressing percentage 

According to Devendra and Burns (1983), dressing percentage is the proportion of the body weight 

considered to be edible and it is an important criterion in carcass merit consideration, and it is affected by 

different factors  like breed, age, sex and plane of nutrition.  In Ethiopia context dressing percentage is 

considered as a major parameter to describe meat production and its efficiency (Getahun, 2001). In this 

study, animal group in the third treatment, which mainly fed on DBG (dried brewery grain) as protein 

sources had higher result in the main carcasses parameters (hot carcass weight and empty body weight) as 

compared to the two treatments (T1 and T2). This could be associated with the relatively high feed intake, 

digestibility and feed conversion efficiency observed in T3. Likewise, Aregheore et al. (1991) reported 

that sheep fed diets containing brewery dried grain grew faster and had higher feed conversion efficiency.  

It could be further explained by the fact that the brewery dried grain diet might have degraded at slower 

rate in the rumen and this resulted in more efficient utilization in the abomasum for growth. 

Crickenberger and Johnson (1982) reported that the supplementation of corn cob silage with brewery 

grain improved daily weight gain and feed efficiency by 46% and 34 %, respectively.  By increasing the 

nutritional density of the diet, it is possible to obtain well-conformed and heavier carcasses, with no 

apparent detrimental effect on the quality (Archimede et al., 2008). 

The dressing percentage based on slaughter weight for Tigray Highland sheep obtained in this study was 

comparable with other studies by Getahun (2014) for Afar lambs (46%) fed 450g concentrate mix and for 

Black Head Ogaden sheep (44.7%) fed 300g concentrate mix; Degu et al. (2009) for Tigray Highland 

sheep (47.9%) fed 172g cactus pear + 149g peanut cake supplemented. Added to this, Hailu et al. (2011) 

for Washera sheep fed 200g concentrate mix, Aschalew and Getachew (2013) for Ferta sheep fed 300g 

heat treated grass pea, Gebretsadik and Kebede (2011) for Tigray Highland sheep fed 250g concentrate 

mix, Zewdie (2015) for Washera sheep fed 300g DM Ficus sycomorus leaf, Tesema et al. (2013) for 

Black Head Ogaden sheep fed 300g(75% Prosopis juliflora pod + 25% noug seed cake), Alemu et al. 

(2010) for Sidama goat fed 250 cotton seed cake and Gereslassie and Melaku (2009) for Arado sheep fed 

300g (35% SSC:65% WB) had reported  48.2%, 43.6%, 42.2%, 42.9%,  42.45%, 45% and 43.39%, 

respectively.   

On the contrary, dressing percentage (based on slaughter body weight) was higher than other studies done 

in Ethiopian sheep with the values of  37.9, 38.4%, 40.8%, 37.9%, and 39.96% reported by Worku et al. 

(2015) for Washera sheep fed 100g concentrate mix + 360g sugar cane tops, Moges (2005) for Wogera 

sheep fed 300g DBG, Yirga et al. (2011) for Hararghe Highland sheep fed 350g concentrate 
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mix,Gebreselassie et al. (2014) for local sheep  fed   100g wheat bran + 200g Acacia albida leaf meal and 

Hagos and Melaku (2009) for Afar sheep fed 250g concentrate mix. The higher dressing percentage 

observed in this experiment could be probably due to the optimum supplementation of animals based on 

their body weight. In other words, animals in the current study had got large amount of supplementation 

feeds than the other.  

Likewise, dressing percentage ( based on empty body weight)  seen in the current study was in parallel 

with that of Hailu et al. (2011) for Washera sheep (55.9%) fed 200g concentrate mix, Aschalew and 

Getachew (2013) for Ferta sheep (56.4%) fed 300g heat treated grass pea, Gebretsadik and Kebede (2011) 

for Tgray Highland sheep (53.4% ) fed 250g concentrate mix, Worku et al. (2015) for Washera sheep 

(52.7%) fed 100g concentrate mix + 360g sugar cane tops, Zewdie (2015) for Washera sheep (52.2%) fed 

300g DM Ficus sycomorus leaf, Tesema et al. (2013) for Black Head Ogaden sheep (52.15% ) fed 300g 

Prosopi sjuliflora pod, Alemu et al. (2010) for Sidama goat(54.02%) fed 250 cotton seed cake and 

Gereslassie and Melaku (2009) for Arado sheep(53.05%) fed 300g (35% SSC:65% WB).  

But, contradictory to the current finding, dressing percentage based on empty body weight was reported  

as of  48.77, 47.8%, 50.0% and 40.8% by Hagos and Melaku (2009) for Afar sheep fed 250g concentrate 

mix, Moges (2005) for Wogera sheep fed Grass hay + 300 g BDG, Gebreselassie et al. (2014) for local 

sheep  fed   100g Wheat bran + 200g Acacia albida leaf meal and Yirga et al. (2011) for Harreghe sheep 

fed 350g concentrate mix, which were lower results indicated as compared to the current study, 

respectively. 

In the current study, dressing percentage values on empty body weight basis were higher than on 

slaughter weight basis; this is obviously happened by the influence of gut fill on dressing percentage. Gut 

fill constitutes a large portion of the body weight even when the animals are fasted for long hours (Gibb 

and Ivings, 1993). Moreover, gut contents contribute 4 - 14% of fasted live weight in sheep and goats 

fasted for about 24 hours before slaughter (El Khidir et al., 1998).  More often dressing percentage of 

sheep is between 40 -50%, although can be affected by different factors like age, breed and sex. It 

increases with age, low in young sheep, where there is little muscle, and higher in older sheep (Gatenby, 

1991). 

The value of  rib-eye area in this study was comparable with that  of Hailu et al. (2011) for Washera sheep 

fed 200g concentrate mix, Gereslassie and Melaku (2009) for Arado sheep fed 300g (35% SSC: 65% 

WB) and Aschalew and Getachew (2013) for Ferta sheep fed 300g heat treated grass pea  with 13.6cm2, 

12.75cm2 and 11.9cm2
,respectively. But, lower rib-eye area was reported by Gebretsadik and Kebede 

(2011) for Tgray Highland sheep (7.85cm2) fed 250g concentrate mix, Worku et al. (2015) for Washera 

sheep (7.03cm2) fed 100g concentrate mix + 360g sugar cane tops, Zewdie (2015) for Washera sheep 

(7.4cm2) fed 300g DM Ficus sycomorus leaf, Hagos and Melaku (2007) for Afar sheep (9.38cm2) fed 

250g concentrate mix, Degu et al. (2009) for Tigray Highland sheep (9.2cm2) fed 172g cactus pear + 149g 

peanut cake supplemented, Animut and Gebreselassie (2011) for local sheep (6.5cm2) fed 100g Wheat 
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bran + 200g Acacia albida leaf meal,Yirga et al. (2011) for Harreghe sheep (8.39cm2) fed 350g 

concentrate mix and Tesema et al. (2013) for Black Head Ogaden sheep (9.4cm2) fed 300g(75% Prosopis 

juliflora pod + 25% NSC). On the contrary, higher rib-eye muscle area was reported by Moges (2005) for 

Wogera sheep ( 19.5cm2) fed 300g DBG. Similarly, improved temperate breeds showed  higher rib-eye 

area  (>11 cm2)(Kemp et al., 1976). This variation could be related with breed difference, feed type, 

feeding level and other disclosed reasons. 

Partial budget analysis 

The net return and marginal rate of return were recorded higher in T3 than T1, T2 and control (Table 11). 

Thus, the net return from the optimum supplemented of experimental treatments was 475.16, 336.91 and 

250.36 ETB/head with marginal rate of return of 424.12, 161.36 and 116.85 for T3, T1, and T2, 

respectively. This does means that for each extra 1 birr spent for feeding cost per sheep gained 1 Birr and 

an additional marginal benefit of 4.24, 1.61 and 1.17 ETB for T3, T1, and T2, respectively. On the other 

hand, the sheep fed on the control diet had lowest net return compared with the optimum supplemented 

groups. This might be due to inadequate nutrient intake mainly barely straw and small amount of local 

conventional feeds, resulted in lower body weight gained as compared to the other treatments.  

The changes occurred in net return in this study was the result of different concentrate feeds that used. 

The calculation of economic analysis showed that the net return per animal, obtained by subtracting total 

feed cost from the gross income of Tigray Highland sheep fed on T3 which consisting concentrate 

mixture of maize grain 20% + wheat bran 33% + dried brewers' grain 45% was potentially more 

profitable and economically feasible than T1 (molasses 15% + wheat bran 48% + cotton seed cake 35%) 

and T2 (maize grain 20% + wheat bran 43% + noug seed cake 35%).  

This is obviously known that the higher in economic feasibility in T3 was due to lower purchasing value 

of the diets and highest live body weight of the animals than the other treatments. As a result, the return in 

T3 was reasonably profitable as compared to the other treatments. Similarly, the difference in the net 

return among treatments in this study was mainly due to the differences in selling price of the animals and 

purchasing values of variable cost in each treatment. This indicates that sheep fed with better quality feed 

perform well and had higher body weight gain and sold at maximum price and earned better net return. 

In general, the marginal rate of return was large for T3 and followed by T1 and T2 in that order. But all 

treatments were economically feasible based on the calculation of standard partial budget analysis of 

CIMMIT (1988). In this case, if assuming that capital is not a constraint, so all the feeding technologies 

are economically feasible and someone can choose one of the diets available easily around. But, if no 

enough capital is available to cover costs associated with the feeding technologies, it is better to compare 

the extra or marginal costs with the extra or marginal net return. In most of our cases, smallholder farmers 

have shortage of capital and in such conditions, the ration containing T3 with the highest marginal rate 

and net return would be recommended as an economical feasible for optimum supplementation of sheep. 
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However, to combine feed ingredients into the least costly but most efficient ration, producers must meet 

the nutritional requirements of each animal at its particular stage of life (Gimenez Jr, 1994). The author 

added that in small ruminants the amount of protein is more important than the quality of protein. When 

protein supplementation is the primary objective, the cost per pound of protein is the most important 

consideration. 

Conclusions and Recommendations 

Conclusions 

The current study showed that animals fed on T3 (maize grain 20% + wheat bran 33% + dried brewers' 

grain 45%) achieved better feed utilization, digestibility, body weight gain and carcass characteristics 

when compared with animals fed on T1 (molasses 15% + wheat bran 48% + cotton seed cake 35%) and 

T2(maize grain 20% + wheat bran 43% + noug seed cake 35%). This implies that feed ingredients in T3 

were readily consumed by the animals, well digested in the rumen, better utilization of nutrients by 

animals and accordingly better achievements of body weight performance and carcass parameters was 

seen.  

Moreover, the marginal rate of return was large for T3 indicating its economic feasibility as improved 

feeding technology to ruminant animals. Indeed, all treatments were economically feasible based on the 

calculation of standard partial budget analysis of CIMMIT (1988). The choosing of these optimum 

supplementation options dependents on many factors like feed availability, capital and technical skill of 

the producers. In a condition where no enough capital is available to cover costs associated with the 

feeding technologies, it is better to compare the extra or marginal costs with the extra or marginal net 

return. Under the smallholder farmers with shortage of capital, the ration containing T3 with the highest 

marginal rate and net return would be recommended as an economical feasible for optimum 

supplementation of sheep. However, producers must meet the nutritional requirements of each animal to 

combine feed ingredients into the least costly but most efficient ration. 

Recommendations 

Based on the findings recommendations and focus future activities are given by the author as below: 

1. Potential body weight evaluation of animals should have undertaken starting from the weaning 

period and background of the lambs should have registered from the same management system 

and environmental factor.  
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2. Within three months experiment the mature potential weight of the breed is difficult to judge, 

because the current study could not accomplish the mature potential weight evaluation as, the 

weight gain had not stopped within the limited time. Hence, further research work is 

recommended with sufficient time.  

3. The ration containing T3 (mainly dried brewery grain) with the highest marginal rate and net 

return would be recommended as an economical feasible for optimum supplementation of sheep. 

So that, demonstration of dried brewery grain supplementation with different energy sources 

which are easily available around in combination with different roughages as basal diet have to be 

undertaken by model farmers, research centres, universities and other stakeholders.  

4. Under optimum supplementation the breed can reach the export standard weight (25-30 kg), 

which is currently demanded by Ethiopian export market, so that any farmers, cooperatives, 

organizations and other stakeholders have been undertaken the breed in to fattening program 

pathway.   
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