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Abstract 
Smallholder dairy farming in Africa is classified into rural, peri-urban and 
urban systems. The major classification criterion is demographic. Dairy sys-
tems are extensively characterized, but not based on rigorous statistical ana-
lyses. We validated this classification based on herd genetic structure and 
identify determinants of within-system variations, taking Ethiopia as a case 
study. Discriminant function analysis correctly classified 38% - 50.6% of the 
360 sampled farms into the three systems. Multinomial logistic regression 
analysis showed that rural and peri-urban farmers were 1.26 (P < 0.1) to 1.45 
(P < 0.001) times more likely to keep local and low grade crossbreds and fewer 
high grade crosses (P < 0.05; odds ratio = 2.35) than the urban farmers. In the 
rural system, proportion of high grade crosses declined and low grades in-
creased over generations, whereas in urban system the reverse was observed. 
Access to breeding services and land resources significantly determined the 
adoption of crossbred dairy herd within systems. In conclusion, considering 
farms within systems as a uniform unit to target development interventions 
may not be appropriate and thus farm topologies and system specific deter-
minants of farmers’ breeding strategies need to be considered to design and 
introduce appropriate breeding interventions. 
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1. Introduction 

Smallholder dairy farming systems in the highlands of Ethiopia [1] [2] [3] [4] 
and elsewhere in East Africa [5] [6] [7] are classified as rural, peri-urban and 
urban systems. The major classification criterion is demographic; the peri-urban 
and urban systems are located around and in towns and cities. The purpose of 
classification of farming systems is to develop strategies and interventions rele-
vant to the various systems which may vary in the types and degrees of severity 
of constraints, resource bases and enterprise patterns. Blanket recommendations 
of technologies and improved management practices could be one of the reasons 
for low adoption of interventions by agricultural systems which are highly di-
verse in agro-ecological and socio-economic conditions. 

Dairy farming systems in Ethiopia have been extensively characterized. Since 
dairy cattle genetic improvement strategies in Ethiopia [8] target the peri-urban/ 
urban system and the major milksheds for introduction of exotic crossbred dairy 
cattle, the major distinguishing characteristics of the three highland systems is 
the herd genetic structure, the urban and peri-urban systems are characterized as 
crossbred-based systems keeping high grade exotic (mainly Holstein Friesian 
breed) crossbred cows whereas the rural or traditional system is a local cat-
tle-based system [2] [4] [9]. The studies cited above have however focused on 
the systems in and around the big cities and the major milksheds. On the other 
hand, studies on regional towns [3] have indicated that the crossbred herd 
composition in the urban/peri-urban system is less than reported in the above 
cited studies. Despite the extensive characterization of dairy farming systems, a 
comprehensive characterization of dairy systems in the highlands across the 
value chain supported with valid statistical analyses is not available in the litera-
ture. Secondly, the topology of farms within systems and the underlying deter-
minants for within-system variation/diversity in herd genetic composition are 
not known to confirm if farms within systems could be considered as a uniform 
unit to target development interventions. In this study, we analyzed farms sam-
pled form of two states in the wet highlands of Ethiopia to validate the classifica-
tion of the smallholder dairy farming systems, establish the genetic structure of 
the three systems and identify within-system determinants of variations in herd 
genetic structure based on a series of statistical analyses taking the smallholder 
system in Ethiopia as a case study. 

2. Materials and Methods 
2.1. Sampling Strategy 

This study was conducted in Oromia and Amhara states in Ethiopia. One zone 
from each of Oromia (West Shoa zone, located at 08˚94'09'00.00"N 
38˚005'00.00"E) and Amhara (West Gojam zone, located at 11˚09'60.00"N 
37˚14'60.00"E) states, and two districts from West Shoa zone (Adaberga and 
Ejere districts) and three districts from West Gojam zone (Mecha, Bahir Dar 
Zuria and Ylmana Densa districts) were selected for the study. In each district, 
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three Kebeles (the smallest administration unit in Ethiopia) representing the ru-
ral, peri-urban and urban production systems were selected based on their geo-
graphic/demographic locations. Urban centers selected were Merawi and Adet 
towns in West Gojam and Ejere and Hinchini towns in West Shoa. A total of 360 
farmers from West Gojam (80 from rural area, 60 from peri-urban area and 40 
from Merawi and Adet towns) and West Shoa (59 from rural, 61 from peri-ur- 
ban and 60 from urban production systems) were selected for interviewing. 

The agro-ecology of the study sites is wet highlands which are targeted for in-
troduction of crossbred cattle. Adaberga district has altitude ranges of 1166 to 
3238 m.a.s, receives an average annual rainfall ranging from 887 to 1194 mm 
and the minimum and maximum daily temperatures of the area are 11 and 21˚C, 
respectively. The corresponding figures for Ejere district are 2631 to 3238 meters, 
1107 to 1194 mm and 11 and 14˚C. The altitudes, rainfall and minimum and 
maximum daily temperatures for Mecha, Bahir Dar Zuria and Ylmana Densa 
districts are, respectively, 1800 - 2500, 1700 - 2300 and 1552 to 3535 m.a.s; 820 to 
1250 mm, 820 to 1250 mm and 1270mm; 17 and 30˚C , 10 and 32˚C (tempera-
ture data for Yilmana Densa was not available). 

2.2. Data Collection and Analysis 

Questionnaire survey on herd genetic composition, herd size, production re-
sources, and household characteristics based on farmers’ recall were collected 
from February to September 2015 using structured questionnaires. The data 
from West Shoa and West Gojam zones were analyzed separately to serve as a 
replication of the study. The genotypes of animals were classified as local, low 
grade, medium grade and high grade crossbreds based on the exotic blood level 
of the animals. Low grades were defined as those having about 25% exotic blood 
resulting from first cross cows backcrossed to local breed sire, medium grade 
crosses were first crosses with 50% exotic blood resulting from crossing of local 
cows and exotic bulls (usually through AI, artificial insemination), and high 
grades were animals with about 75% or above exotic blood resulting from first 
cross cows crossed with pure exotic sire commonly through AI. The level of ex-
otic blood level for cows supplied by government ranches and research institutes 
was established from the cow certificate provided by the institute. For animals 
that were born on the farm, exotic blood levels were estimated from the dam and 
sire breed type as recalled by the owner and from records of AI service provid-
ers. 

Discriminant function analysis was used to reclassify the 180 farms in each 
zone into their original rural, peri-urban and urban categories. A predictive 
model for assigning the sample farms into the three dairy farming systems was 
built. The model was composed of discriminant functions based on linear com-
binations of four predictor variables which represented the genetic compositions 
of herds. The predictor variables were local, low grade, medium grade and high 
grade crossbred animals (cows, heifers and calves) in the herds. The variables 
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that provided the best discrimination between the groups were selected based on 
their statistical significance. The classifications were cross-validated applying 
leave-one-out analysis where each farm was classified by the functions derived 
from all farms other than the farm to be reclassified. Multinomial logistic regres-
sions were conducted to estimate the probability of keeping the various geno-
types across the three farming systems. Factors that would determine adoption 
of the various genotypes by farmers in the three farming systems were identified 
through generalized linear regression analysis fitting Poisson distribution with 
log transformation of the number of animals as a dependent variable. All ana-
lyses were conducted using SPPS version 20 (2011).  

3. Results 
3.1. Validating the Classification of Farms 

Using discriminant function analyses based on herd genetic structures (num-
ber of local, low grade, medium grade and high grade crossbred animals 
which consisted of cows, heifers and calves) as predictor variables, 180 farms 
in each of West Shoa and West Gojam zones were reclassified into rural, pe-
ri-urban and urban systems (Table 1). The predictor variables that contri-
buted significantly to the reclassification were number of local, low grade, 
medium grade and high grade crossbred animals in the herds in West Shoa, 
and number of local and high grade crossbred animals in West Gojam. In 
West Shoa, the classification function coefficients for number of local animals 
were marginally higher for the rural and peri-urban system than for the urban 
system, the coefficients for the number of low grade crossbreds was higher for 
the rural system than for the peri-urban and urban systems, whereas the coef-
ficients for the high grades for the rural system were lower than for the pe-
ri-urban and urban systems. In West Gojam, the coefficients for both local 
and high grade crossbreds were higher for the urban system than for the rural 
and peri-urban systems. 

The analysis model correctly classified 50.6% and 38.7% of the 180 sampled 
farms in each of West Shoa and West Gojam zones, respectively, into rural, peri- 
urban and urban dairy farming systems. The percentage of farms that were cor-
rectly classified into their original rural, peri-urban and urban systems were re-
spectively 49.2%, 52.5% and 50.0% in West Shoa and 43.2%, 25.0% and 50.0% 
in West Gojam (Table 2). The highest misclassification was observed in the 
peri-urban system where 51.7% of the farms were classified into the rural sys-
tem in West Gojam, and 45.7% of the farms were classified into urban system 
in West Shoa. The improvement in accuracy of classification of the farms us-
ing cross-validation method, where classification was done by classifying each 
farm by the discriminant functions derived from all farms other than the farm 
to be cross-validated, was not significant. When cross-validation was em-
ployed, 0.0% to 9.9% of the originally classified farmers were reclassified into a 
different system (Table 2). 
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Table 1. Significant predictor variables (and their classification function coefficients) 
identified based on significance of their Wilks’ Lambda statistic to classify farms into rural, 
peri-urban and urban systems in the highlands of Ethiopia. 
 

 West Shoa West Gojam 

 Rural Peri- Urban P1 Rural Peri- Urban P1 

Number of local animals2 0.405 0.552 0.315 0.002 0.470 0.501 0.745 0.000 

Number of low grade crossbreds3 1.018 0.382 0.437 0.000     

Number of medium grade crossbreds 0.533 0.943 0.799 0.000     

Number of high grade crossbreds 0.429 0.553 0.617 0.000 0.229 0.268 0.775 0.000 
 

1Significance of Wilks’ Lambda statistic; 2Cows, heifers and calves; 3Low, medium and high grade cros-
sbreds: Exotic blood level of about 25% (First cross cow backcrossed to local breed sire), 50% (First cross 
between local cow and exotic sire) and 75% and above (first cross cow crossed with pure exotic sire). 

 
Table 2. Accuracy of classification of farmers into rural, peri-urban and urban dairy 
farming systems based on predictor variables using discriminant analysis. 
 

 West Shoa West Gojam 

 Rural Peri-urban Urban Rural Peri-urban Urban 

% of original grouped farms correctly classified 

Rural 50.8 23.7 25.4 53.1 35.8 11.1 

Peri-urban 13.1 54.1 32.8 51.7 28.3 20.0 

Urban 21.7 25.0 53.3 30.0 20.0 50.0 

% of cross-validated grouped farms correctly classified 

Rural 49.2 25.4 25.4 43.2 45.7 11.1 

Peri-urban 14.8 52.5 32.8 51.7 25.0 23.3 

Urban 23.3 26.7 50.0 30.0 20.0 50.0 

 
3.2. Herd Genetic Structure 

The average herd size for each genotype was calculated considering only farms 
owning the genotype. The dairy herds were composed of both local and cros-
sbred cows in all the three farming systems in West Shoa and West Gojam 
(Table 3). The average crossbred herd consisting of cows, heifers and calves was 
21.9% and 19.0% in rural, 18.7% and 15.5% in peri-urban and 18.5% and 23.2% 
in urban systems in West Shoa and West Gojam zones, respectively. Local cows 
account for 26.5% to 30.5% and 18.5% to 28.4% of the total herd in West Shoa 
and Gojam, respectively. In West Shoa, the crossbred herd is mainly composed 
of low grade crosses in rural and high grade crosses in peri-urban/urban systems, 
accounting for 29.7% and 29.9% - 33.0% of the herds, respectively. In West Go-
jam, medium (33.7%), low grade (29.0%) and high grade (33.6%) crossbreds 
were the dominant crossbred animals in rural, peri-urban and urban systems. 

Regardless of the dairy farming systems and geographic regions, most farmers 
in both West Shoa and Gojam kept local cows (Table 3). However, there were 
some variations across systems. Proportion of farmers who owned at least one 
local animal ranged from 42% in the urban system in West Gojam to 80% in pe-
ri-urban system in West Shoa. The high grade animals were kept by most of the 
farmers in urban areas in West Shoa. Fewer farmers (13% - 25%) kept low grade  
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Table 3. Herd genetic composition and proportions of farmers keeping different geno-
types of cows in rural, peri-urban and urban dairy farming systems in the wet highlands 
of Ethiopia. 

 
Average herd size Proportion of farms keeping: 

 
West Shoa West Gojam West Shoa West Gojam 

Rural system  
   

Local animals 5.8 4.6 0.73 0.56 

Low grade crosses 6.5 4.0 0.34 0.37 

Medium grade crosses 4.2 6.4 0.56 0.43 

High grade crosses 5.4 4.0 0.53 0.32 

Peri-urban system  
   

Local animals 5.7 4.4 0.80 0.49 

Low grade crosses 2.6 4.5 0.13 0.25 

Medium grade crosses 4.8 3.2 0.77 0.49 

High grade crosses 5.6 3.4 0.74 0.44 

Urban system  
   

Local animals 5.1 4.3 0.57 0.42 

Low grade crosses 2.1 4.6 0.13 0.21 

Medium grade crosses 5.2 6.5 0.55 0.26 

High grade crosses 6.1 7.8 0.77 0.33 

 
crosses in peri-urban and urban systems than in rural system (34% - 37%). Rural 
farmers also kept more medium-high grade animals than they did low grade 
crosses. 

Using a multinomial logistic regression analysis (Table 4), it was found that 
rural and peri-urban farmers in West Shoa owned 1.26 (P =< 0.1) to 1.45 (P < 
0.001) times more number of local dairy animals than the urban farmers. How-
ever, in West Shoa, urban farmers kept more local cows than rural farmers did. 
Rural farmers also kept significantly more number of low grade crossbred cows 
(P < 0.05; odds ratio = 2.35) and fewer medium (P < 0.01) and high grade (P = 
0.06) crossbred dairy animals than urban farmers. In West Gojam, both rural 
and peri-urban farmers owned significantly (P < 0.05) fewer medium and high 
grade crossbred animals than urban farmers. However, the differences in cros-
sbred herd genetic composition between the peri-urban and urban systems were 
not statistically significant in West Shoa. Similarly, the number of local and low 
grade crossbreds were statistically equal (P > 0.05) in peri-urban and urban sys-
tems in West Gojam. 

3.3. Trends in Herd Genetic Structure 

In the rural system, comparison of the proportions of different genotypes of 
crossbreds over cow, heifer and calf generations (Figure 1) showed that the 
proportion of high grade heifers (0.19) and calves (0.24) declined compared to 
the proportion of high grades achieved in the breeding cow herd (0.27). On the  
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Table 4. Likelihood of keeping different genotypes of crossbred and local cows in rural 
and peri-urban dairy farming systems in comparison to urban system in the highlands of 
Ethiopia. 

 
Genotypes 

Parameters 
(B) 

Standard 
error 

Significance 
(P) 

Exp(B) 
(Odds ratio) 

West Shoa 
     

Rural Local 0.234 0.139 0.093 1.263 

 
Low grade 

crosses 
0.853 0.427 0.046 2.347 

 
Medium grade −0.652 0.231 0.005 0.521 

 
High grade −0.293 0.156 0.060 0.746 

Peri-urban Local 0.370 0.132 0.005 1.448 

 
Low grade −0.039 0.505 0.938 0.962 

 
Medium grade 0.098 0.176 0.579 1.103 

 
High grade −0.098 .140 .483 .907 

West Gojam 
     

Rural Local −0.678 0.246 0.006 0.507 

 
Low grade −0.030 0.312 0.923 0.970 

 
Medium grade −0.435 0.219 0.047 0.647 

 
High grade −0.473 0.199 0.018 0.623 

Peri-urban Local −0.285 0.251 0.257 0.752 

 
Low grade −0.403 0.371 0.277 0.668 

 
Medium grade −0.508 0.239 0.034 0.602 

 
High grade −0.696 0.260 0.007 0.498 

*The reference category was “Urban system”. 

 

 
Figure 1. Proportions of local and crossbred genotypes (low, medium and high grade 
crosses) showing the trends in herd genetic composition over generations in West Gojjam 
and West Shoa zones in Ethiopia. 
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contrary, the proportion of low grade and medium grade crosses increased in 
the heifer and calf generations, respectively. In urban system, the proportion of 
the high grade crosses remained fairly constant between the cow and calf/heifer 
generations, and the proportions of low grade crosses declined in the calf gener-
ation from 0.17 to 0.09. The proportions seemed to remain constant across gen-
erations in the peri-urban system. 

3.4. Determinants of Herd Genetic Structure 

Access to services (breeding and extension services) and land resources and 
household socio-economic characteristics were evaluated for their influence on 
the adoption of crossbred dairy herd within each of the three dairy farming sys-
tems (Table 5). Access to breeding services, land holding and availability of 
rented land or the capacity to rent land, and gender of household head influ-
enced adoption of crossbred dairy herd. The influence of these factors varied 
across systems. Farmers who had a better access to AI services were 1.9 times 
and 2.3 times more likely to own more crossbred animals than those who had 
less or no access in rural and urban area, respectively. The proportion of farmers 
who had access to AI service in rural, peri-urban and urban systems was respec-
tively 75.5%, 90.9% and 84%. Farmers who did not own crossbred bulls were 
more likely to own less number of crossbred animals in rural (P = 0.000; odds 
ratio = 0.596) and urban areas (P = 0.005; odds ratio = 0.614). Farmers who 
owned crossbred bulls were 18.6%, 20.7% and 7% in rural, peri-urban and urban 
 

Table 5. Within production system determinants of crossbred herd adoption by smallholder farmers in West Shoa and West Gojam 
zones, Ethiopia. 

 
Rural 

  
Peri-urban 

 
Urban 

  

 
B Sig. Exp(B)1 B Sig. Exp(B) B Sig. Exp(B) 

Land for grazing/hay making (ha) 0.214 0.004 1.238 0.133 0.117 1.142 −0.144 0.109 0.866 

Land for crop production (ha) −0.093 0.042 0.911 0.098 0.069 1.103 0.110 0.014 1.116 

Land rented (ha) 0.113 0.170 1.120 0.280 0.003 1.323 0.012 0.913 1.012 

Household size 0.010 0.679 1.010 −0.042 0.156 0.959 −0.014 0.523 0.986 

Gender (Female) 0.057 0.747 1.058 −0.171 0.170 0.843 −0.291 0.036 0.748 

Gender (Male) 0b 
        

Age of household head (25 - 35 years) 0.010 0.944 1.010 −0.233 0.194 0.792 −.0312 0.085 0.732 

Age of household head (36 - 45 years) −0.202 0.072 0.817 −0.014 0.899 0.986 0.086 0.402 1.090 

Age of household head (46 - 60 years) 0b 
        

Access to breeding service (AI) 0.627 0.000 1.873 0.182 0.353 1.199 0.830 0.000 2.293 

Access to breeding service (Bull) 0b 
        

Ownership of crossbred bull (No) −0.518 0.000 0.596 −0.208 0.086 0.812 −0.488 0.005 0.614 

Ownership of crossbred bull (Yes) 0b         

Access to extension service (No) 0.068 0.597 1.070 0.336 0.001 1.400 0.149 0.200 1.161 

Access to extension service (Yes) 0b 
        

bThis parameter is set to zero because it is the reference category. 1Odds ratio. 
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systems, whereas those who owned local bulls were respectively 20.7%, 33.1% 
and 22%. Unexpectedly farmers who had no or less access to extension services 
were more likely to own more number of crossbreds. 

Availability of private grazing or hay making plot significantly determined 
ownership of crossbred herd (P < 0.05) in the rural system. The result indicated 
that an increase in one ha of grazing/hay land would result in an increase of 0.21 
heads of crossbreds in the herd. Rural households who had larger crop plots 
were found to own less number of crossbred animals, whereas the reverse was 
true in urban areas. The availability of rented land or the capacity to rent land is 
positive influenced ownership of crossbred cattle in peri-urban areas. Mean 
crop, private grazing/hay and rented land respectively were 1.5, 0.5 and 0.3 in 
rural, 1.5, 0.5 and 0.1 in peri-urban and 1.2, 0.4 and 0.1 ha in urban systems. 
Another significant determinant was gender of household heads which had in-
fluence on adoption of crossbred herds in urban areas. 

4. Discussion 

One of the major distinctions between smallholder dairy farming systems in the 
highlands of Ethiopia is the type of breeds and genotypes kept by farmers. The 
genetic structure described in the current study is in general agreement with 
previous results in Ethiopia in that crossbred herds are more predominant in the 
urban and peri-urban systems than in the rural system [2] [4] and elsewhere in 
Africa where use of AI breeding service and herd genetic composition were 
found to be significant discriminating factors among peri-urban farmers in Mali 
[6]. The urban/peri-urban systems have been commonly and grossly characte-
rized as crossbred-based systems in Ethiopia [2] [4], crossbred cows accounting 
for up to 97.5% of the herds [9]. Such characterization could represent the ur-
ban/peri-urban systems in and around big federal and regional cities and major 
milk sheds. However, our results which were based on rigorous statistical analy-
sis indicated that the characterization of the systems, particularly peri-urban/ 
urban systems, needs qualification. It was found in the current study that merely 
38% - 50% of urban/peri-urban farms conformed to the characteristics of these 
systems, namely breeding for high/medium grade crossbreds. This result is in 
agreement with a previous report for urban systems in regional towns (which 
were similar to the regional towns in the current study) where the proportion of 
crossbred cows accounted for only 26% - 40% of the total herd [3]. The current 
results thus call for the qualification of the classification and/or the characteriza-
tion of the smallholder dairy systems in and around the big cities and regional 
towns to inform research and development policies, strategies and interventions. 

A major distinction between the three systems observed in this study was that 
rural farmers are more likely to keep low grade crosses with exotic blood levels 
of around 25% and less likely to keep high grade crossbred cows with exotic 
blood levels of 75% and above than urban/peri-urban farmers. This is in agree-
ment with [2] and [4] observations that medium to high grade crossbred cows 
are kept in urban systems in Ethiopia. The exotic inheritance level in village cat-
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tle herds could be due to farmers’ conscious preferences for the various exotic 
blood levels or lack of awareness and/or access to breeding services. Farmers’ 
highest preference ranking in rural and peri-urban/urban areas respectively were 
for <50% and 50% - 75% exotic blood levels in West Shoa [10] and 50% - 75% 
exotic blood level was preferred elsewhere in the highlands of Ethiopia [11] The 
choice of breeds and genotypes of crossbreds for smallholder systems in Ethiopia 
need to consider the dairy value chain. Where the value chain is not functioning 
well, such as in the rural areas, where access to inputs and services and profitable 
markets for fresh milk is limited, the indigenous and low grade crossbred cows 
could be the best choice. However, it could be more likely that the low grade 
crosses with 25% exotic blood in rural areas in the current study are a result of 
lack of access to AI breeding services where farmers are forced to backcross 50% 
exotic crossbred cows to local bulls. This argument is supported by the higher 
number of local bulls in rural areas (0.73 bulls per household) compared to peri- 
urban (0.69) and urban areas (0.32) in West Shoa where low grade crosses are 
higher in rural areas, whereas in West Gojam where low grade crosses are higher 
in Peri-urban and urban areas, the average number of local bulls were 0.12, 0.28 
and 0.23 in rural, peri-urban and urban systems. A similar pattern has been re-
ported elsewhere in Ethiopia; for instance most of the farmers in Lay Armacho 
(95%), Debark (95%) and Gondar Zuria (75%) districts did not keep the initial 
proportion of exotic genes in their herd constant [11] Backcrossing of first- 
crosses has been found to significantly affect milk production performance 
where daily milk yield was reduced from 6.2 in 50% first crosses to 5.6 liters in 
F2 backcrosses [12]. Maintaining the desired exotic blood level in village herds 
has proved difficult resulting in genetically admixed village population in Ethi-
opia due to inefficient AI system and absence of controlled breeding in village 
herds due to communal grazing systems, particularly in rural areas. Dispersed 
settlement in rural Ethiopia coupled poor infrastructure including roads, trans-
portation and telecommunication is one of the reasons for the low efficiency of 
AI service. Efficient delivery of AI service to individual farmers as and when 
each cow shows oestrous signs is impracticable. The AI service and delivery of 
improved dairy genetics to smallholders could be improved by introducing 
hormonal oestrus synchronization and mass artificial insemination [13]. The ef-
fort to improve the dairy cattle crossbreeding/AI program through hormonal 
oestrus synchronization has been below expectation [14] due to factors related to 
inefficient AI service, poor infrastructure and farmers’ awareness, although the 
synchronization technology has been successfully demonstrated through action 
research [10].  

An important characteristic of the urban and peri-urban dairy farming sys-
tems in and around the regional towns identified in the current study is that lo-
cal dairy cows are numerically equally important in all the three systems, though 
this varied between the geographic regions studied. On the contrary, studies on 
the characterization of the smallholder dairy systems have considered keeping 
local cows as characteristics of the rural system and not of the urban/peri-urban 
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systems. Local breeds have received little attention from the national dairy cattle 
genetic improvement programs which has been taken virtually as synonymous 
to crossbreeding programs. Yet after decades of implementation of the national 
Holstein Friesian dairy cattle crossbreeding program, the proportion of the 
crossbred animals has not exceeded 1% of the national herd in Ethiopia [15]. 
Thus the local dairy breeds are still prominent in the dairy genetics landscape of 
developing countries and thence continue to be an important resource in genetic 
improvement and dairy development strategies in all dairy farming systems ex-
cluding the systems located in and around the big cities. Besides their numerical 
importance, the indigenous cattle breeds are generally characterized as multi- 
purpose animals, can be managed in low input production system and are 
adapted to marginal environments. However, the current data on herd genetic 
structure with admixture of different breeds and genotypes including in the rural 
system which is believed to be the sanctuary for the indigenous genetic resources 
could be an indication of absence of well-planned and designed crossbreeding 
program, which could lead to indiscriminate crossing and threat to the adapted 
indigenous resources. The threat to the adapted indigenous resources is however 
more pronounced in the peri-urban/urban system according to the current data 
and elsewhere in Africa where, for instance, the proportion of crossbreds 
reached close to 40% in 2015 from 9% in 2004 in peri-urban system in Bamako 
[6]. However, the local breeds are inherently low milk producers as they have 
been naturally selected for adaptive traits and not functional traits [3]. Selective 
breeding could be the best option to improve the genetic merits of the indigen-
ous breeds. However, to implement effective selection programs in village herds, 
there are constraints relating to the characteristics of smallholder village herd 
structure, infrastructures and attitudes of the public and private sectors towards 
selective breeding programs. The focus on the local genetic resources could vary 
across geographic regions. For instance in the current study local breeds are 
more important in West Gojjam zone than in West Sho zone which is located in 
the greater Addis Ababa milkshed where there is better access to breeding ser-
vices and markets for fresh milk. 

Of the total 360 farms surveyed in West Shoa and West Gojam zones in this 
study, only 50.6% and 38.7% of the farms, respectively, conformed to the typical 
breeding characteristics identified by the analysis model for rural, peri-urban 
and urban dairy farming systems. This has an important implication in the de-
signing and introduction of appropriate dairy development interventions. This is 
particularly relevant to the peri-urban system where the highest misclassification 
was observed. Identification of determinants of herd genetic structure regardless 
of the influence of farming systems showed that access to breeding services and 
land resources were the most important factors. The low proportion of crossbred 
cows in existing herds in the current study sites is contrary to farmers’ prefe-
rences for crossbred cows as elicited for the same study site [10] and elsewhere 
in the highlands of Ethiopia [11]. The major constraint to meet farmers’ pre-
ferred dairy breeds and genotypes is the limitation in the AI service. The con-
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ception rate to first AI service has been reported to be as low as 27.1% [16], and 
the major challenge as reported by farmers is poor heat detection where AI is 
accessible, whereas access to reliable AI service has also been reported to be very 
low even in the peri-urban areas in an extensive study in the four highland re-
gions of Ethiopia [10]. The service is neither better around Addis Ababa where 
dissatisfaction has been expressed by about 46.7% of farmers surveyed [17]. It 
has been argued [18] that utilization and improvement of the desired crossbred 
population can only be efficient in situations where breeding programs with 
well-defined breeding objectives, breeding structure and infrastructure are de-
veloped, which is often lacking at smallholder level in the tropics. 

Land and herd holding are characteristic of dairy farming systems in Ethiopia. 
Land holding is a major factor limiting scale of production together with other 
factors such as access to external inputs, markets and credit services, as well as 
farmers’ degree of market-orientation. Land shortage is particularly a major 
challenge for urban farmers in the current study to expand the scale of produc-
tion and productivity. Land shortage is a major problem constraining dairy de-
velopment elsewhere in the country, for instance in SNNP state where 100% of 
both rural and urban farmers interviewed reported land shortage as number one 
constraint [19] and as reviewed by [4]. Land holding in the highlands of Ethiopia 
is generally small and comparable to the land holding in the sampled households 
in the current study. Average land holdings of 1.3 to 2.7 ha have been reported 
for the highlands of Ethiopia [20] [21] [3]. This is in contrast to the larger farm 
size of 8.5 ha in the lowlands of Ethiopia [22] [3]. The national average agricul-
tural land holding and grazing/fodder production land per household is 2.5 and 
0.26 ha, respectively [23]. The leverage point to increase scale of production is 
land, particularly for peri-urban and urban systems. It is argued that change in 
milk production due to herd size explains 60% of the increase, but only 20% 
from technology change [24]. 

5. Conclusion 

This study validated the classification of smallholder dairy farming systems in 
the highlands of Ethiopia through rigorous statistical analysis of herd genetic 
structure. Herd genetic structure was found to be a significant classifying cha-
racteristics of smallholder dairy farms; high and medium grade crossbreds are 
more predominant in the urban and peri-urban systems, low grade crosses pre-
dominate in the rural system, and the local cows are still the dominant dairy 
animals not only in the rural system but also in the peri-urban and urban dairy 
systems despite these systems are targeted for improved dairy genetics by the na-
tional dairy cattle breeding strategy. Since reclassification of sampled farms 
showed that merely 38% - 50% of the farms conformed to the characteristics of 
their original systems, our results indicate towards the qualification of dairy 
farming system characterization, particularly the urban/peri-urban systems in/ 
around regional towns versus big cities. Secondly, considering farms within sys-
tems as a uniform unit to target development interventions may not be appro-
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priate and farm topologies and system specific determinants of farmers’ breed-
ing strategies need to be considered to design and introduce development inter-
ventions. The design needs to consider correcting the high admixture of cros-
sbred exotic blood levels and conservation of the adapted local breeds at least in 
the rural areas. 
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