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DAIRY PRODUCTION SYSTEMS CHARACTERIZATION IN URBAN AND PERI-
URBAN AREAS OF CENTRAL OROMIA, ETHIOPIA, AND EFFECTS OF
CONCENTRATE SUPPLEMENTATION ON PRODUCTIVE AND REPRODUCTIVE
PERFORMANCES OF CROSSBRED DAIRY COWS

Kiros Abebe Embaye
PhD Thesis
Addis Ababa University (2019)

ABSTRACT

The survey part of this study was conducted to assess urban and peri-urban dairy
production systems, major constraints and opportunities, available feed resources and
feeding systems in and around Assela, Bishoftu, Holetta and Sululta towns, Oromia
regional state, central highlands of Ethiopia. Overall, 160 dairy farmers (40 from each
site) were randomly selected for individual interviews using a pre-tested semi-structured
questionnaire. The feeding trial part was carried out in Bishoftu using twelve late
pregnant crossbred dairy cattle, grouped into three dietary treatments in randomized
complete block design (RCBD) to evaluate the effect of different concentrate rations
supplementation from late gestation to early post-partum on milk yield, milk composition,
early post-partum blood plasma metabolites, reproductive performances and fertility.
The treatments were Ty (hay with noug seed cake, wheat middling, and wheat bran), T,
(hay with noug seed cake, wheat middling plus ruminant premix) and T3 (hay with noug
seed cake, wheat middling, and ruminant premix plus commercial dairy concentrate). In
all groups, feeding was started 21 days before calving and continued up to 90 days in
milk and rations formulation was according to cow’s requirements and stage of
production. The data were analyzed using Statistical Packages for the Social Sciences
software version 20. The survey results showed that, the highest educational level
(diploma and above) was from Bishoftu town and the age group of most of the
respondents was 40-59 years. Ninety five percent of respondents from urban Bishoftu,
90% from urban Assela, 65% from urban Sululta, 55% from peri-urban Holetta areas
reported stall feeding as the primary feeding method. Artificial insemination was the
main breeding system in all (100%) of peri-urban Bishoftu, 90% of urban Bishoftu, 80%
of urban Assela, 65% of urban Holetta, 60% of peri-urban Holetta and 50% of urban
Assela. The higher average daily milk yields were 11.7, 11.2 and 10.8 liters in urban and
peri-urban Bishoftu and urban Sululta, respectively. The longest average age at first
service (29.3 months) and age at first calving (38.3 months) intervals were in peri-urban
Assela. The number of services per conception was 1.4 and 1.3 in urban and peri-urban
Assela and these were lower than 1.65 and 1.85 in urban and peri-urban Bishoftu. The
longest average calving to conception interval (168.0 days) was in peri-urban Assela.
The average calving intervals 14.9 and 13.9 months from peri-urban Assela and Sululta
were relatively longer than the respective urban areas.In peri-urban Bishoftu (85%),
Holetta (80%) and urban Bishoftu (70%) and peri-urban Sululta (70%) less milk price
relative to feed cost was the main marketing problem. High feed cost was the major
constraint of peri-urban Bishoftu (55%), Sululta (55%) and urban Bishoftu (50%). In
peri-urban Assela water scarcity was the main constraint following high feed cost.
XIX



Shortage of land to expand dairy and for grazing was claimed by farmers in urban
Bishoftu (95%), urban Sululta (90%), urban Holetta (85%), peri-urban Bishoftu (75%)
and urban Assela (55%). Dairy producers in peri-urban Assela (65%), Holetta (55%)
and Sululta (50%) indicated service providers, research institutions and demand for milk
consumption, respectively, as key opportunities for dairy production. Crop residues and
concentrates were frequently used dairy feeds by 65% farmers in urban Bishoftu. Grass
hay, crop residues and concentrates were regularly used dairy feeds in urban and peri-
urban Sululta (55%). In urban Assela, Holetta and peri-urban Sululta 50%, 45% and
40%, respectively, mainly feed wheat and barley straws. The daily supplements feeding
frequencies were twice in urban Sululta, peri-urban Holetta, urban Holetta, urban
Bishoftu, peri-urban Bishoftu and peri-urban Sululta and three times in urban and peri-
urban Assela. Results of the feeding trial showed that, total average daily DM intake
during early post-calving period for T, (14.5 kg) was significantly (P<0.0001) higher
than Ty (13.2 kg) and T3 (13.1 kg). The average daily milk yield per cow was 15.8 liters,
14.2 liters and 11.0 liters for T,, T3 and Ty, respectively. Milk composition did not vary
(P>0.05) by diet and parity differences. Body condition score at 5 to 12 and 60 days after
calving, calving to first heat interval, calving to first service interval, calving to
conception interval and calving interval, were statistically different (P<0.05) among
treatments and cows in T, and T3 were better than T;. The average early post-partum
plasma glucose, AST and insulin were not significant (P>0.05). Average plasma
cholesterol at calving was 116.0 mg/dl in T4, 87.0 mg/dl in T, and 83.6 mg/dl in T3 and
the differences were significant (P<0.05). Plasma triglycerides at week one after calving
was higher (P<0.05) in T; than T, and T3. Furthermore, plasma total protein at day 14
after calving and plasma urea nitrogen at calving, day 7 and day 14 after calving were
higher (P<0.01) for T, than T, and Ts. The day-21 after service plasma progesterone
concentrations were 8.1+1.9 ng/ml, 6.2+1.1ng/ml and 9.7+1.9 ng/ml, respectively, for
cows in Ty, T, and T3 and were not different (P>0.05). Day-30 (ultrasound) pregnancy
rate was 66.7% for cows in T1 while all inseminated cows were pregnant in T, and Ts.
Generally, based on the current results it might be conculuded that there were lower milk
yields and longer reproductive performance indicators of crossbred dairy cattle. The feed
resources used and feeding frequencies showed variation among the study areas. It could
also be concluded that when formulated according to cow's requirement, and stage of
production the agro-industrial by-products alone could improves milk production, body
condition score and reproductive performances of crossbred dairy cows. An increase in
average early post-partum plasma cholesterol, triglycerides, total protien and urea
concentrations were probably due to the ration differences and might be the one that
negatively affected post-partum cycling, ovulation and pregnancy rates. However, studies
utilizing wider area coverages and more number of crossbred dairy cows should be
conducted. Improving feeding and other management practices need attention for the
improvement of urban and peri-urban dairy production. Continuous researches and
provision of scientific extension services are also imperative.

Keywords: Concentrate, Crossbred dairy cattle, Management practices, Milk vyield,
Plasma metabolites, Reproductive performances
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1. INTRODUCTION

The estimated total livestock population in Ethiopia is 59.5 million cattle, 30.7 million
sheep, 30.2 million goats, 59.5 million poultry, 2.16 million horses, 8.44 million donkeys,
0.41 million mules, 1.21 million camels and 5.9 million beehives. Out of the total cattle
population, the female cattle constitute about 55.5% and the remaining 44.5% are male
cattle. Dairy cows are estimated to be approximately 7.16 million and milking cows are
about 11.83 million heads. The estimated total cow milk produced in Ethiopia during the
year 2016/17 is about 3.13 billion liters (CSA, 2017).

In Ethiopia, the introduction of high yielding dairy breeds mainly Holeistain Frisian and
Jersey from abroad and crossbreeding with indigenous cattle has been pursued to improve
milk production (Emebet and Zeleke, 2008; Azage et al., 2010). The large
cattlepopulation, the suitable climate for improved and highyielding cattle breeds, and the
relatively animal diseasefree environment make Ethiopia to hold a substantialpotential for
dairy development (Zelalem, 2012). Regardless ofits potential for dairy development, the
productive and reproductive performances of dairy cattle are low due to inadequate and
low quality feed resources, poor nutritional, genotype and health care management, poor

marketing system, insufficient training and extension services (Azage et al., 2013).

Dairy production is defined as a biologically efficient system that converts large
quantities of roughage, the most abundant feed in the tropics, to milk, the most nutritious
food (de Leeuw et al., 1996). The dairy industry also occupies a special position among
theother livestock sectors (Perera, 1999). In Ethiopia, considering the potential for
smallholder income and employment generation of high-value dairy products,
development of the dairy sector can contribute significantly to poverty alleviation and
nutrition (Mohamed et al., 2004).

Gindel (2006) and van Veenhuizen and Danso (2007) have tried to obviously distinguish
between urban and peri-urban agriculture based on geographical location and spatial land

use. Urban agriculture includes farming activities taking place within the inner cities and
1



major towns, utilizing vacant and under-utilized land areas not suited for construction,
home and institutional gardens. On the other hand, peri-urban agriculture includes
farming in the urban periphery; this type of agriculture tends to undergo dramatic
changes over a given period of time, as there is an influx of people from both rural and
urban areas. In Ethiopia, urban and peri-urban dairy production systems are located in
towns and at the periphery, respectively, which are becoming important suppliers of milk
and milk products to urban centers and contributing great role towards filling the huge
demand-supply gap for milk and milk products in urban centers, where consumption of
dairy products is extremely high (Azage et al., 2013). Additionally, urban and peri-urban
dairy production systems are the main suppliers of raw milk to processors at different

scales (Zelalem et al., 2011).

The performance of dairy animals depends not only on their genetic merit, but also
onother factors such as nutrition and feeding, health management and other
environmental factors (Lobago et al., 2007). Bothproduction and reproductive traits are
vital issues in determining the profitability of dairyproduction.The general objective for
post-partum reproductive health in dairy cattle is for the uterus to be fully involutes and
free of infection, and for cows to be cyclic by the time they enter the breeding period
particularly after 50 to 60 days post-partum (Plazier et al., 1997). Feed supplied in
particular tocows’ post-partum should be enough to maintain body condition, to support
milkproduction, as well as to initiate ovarian cyclicity (Ghosh et al.,1993). The
reproductive goals that one needs to follow are 12 months of calving intervals, 85 days
open, 1.6 serves per conception rate and 85% of cows observed in estrous and recorded
by 60 days fresh (Msangi et al., 2005).

Livestock and/or dairy feed resources in Ethiopia are mainly obtained from natural and
improved pastures, crop residues, forage crops, agro-industrial by-products and non-
conventional feeds (CSA, 2012). In Ethiopia, the supply of processed animal feedstuffs is
very limited, because of the fact that there are only 11 animal feed manufacturers

operating in the country (CSA, 2012). Moreover, the majority of them are working below



their designated production capacities due to, among others, low supply of raw materials,
lack of commercial orientations of the farmers, poor awareness about processed feeds
utilization by livestock producers, lack of tax exemptions and double taxations for
individual feed ingredients in the compound feed mixtures (Adugna, 2009). With views
of the emerging market-oriented livestock production (improved dairying and fattening)
in the country and the corresponding supplementary feed requirement, it is obvious that
the supply of processed feedstuffs falls short of the anticipated demand. Fekede et al.
(2013) further reported that formulated rations were rarely accessed and used by
smallholder peri-urban dairy farmers like in Ejere, Sululta and GirarJarsodistricts of the

central highlands of Ethiopia.

Proper nutrition in the late stage of pregnancy has been very critical since nutrient
demands for foetal growth, body reserve replenishment and initiation of milk synthesis
are increased. However, improvement of the late pregnancy feeding is rarely practiced in
most production systems in tropical Africa (Gillah et al.,2013). Fekede et al. (2015)
recommended that feeding trials and animal response studies are required to generate
additional information on the biological and economic advantages of using rations

formulated from locally available ingredients over the industrially manufactured feeds.

Agro-industrial by-products have extraordinary value in feeding dairy cattle largely in
urban and peri-urban livestock production systems as well as in conditions where the
productive potential of the animals is relatively high and require high nutrient supply.
The trend of the urban population has a significant effect on the establishment of agro-
industries due to the corresponding increasing demand for the edible main products.
Agro-industrial byproducts are rich in energy and/or protein contents or both (Zinash and
Seyoum, 1991). Another study by Fekede et al. (2015) revealed that, in the urban and
peri-urbansmallholder dairy production systems in the highland areas of Ethiopia,
supplementation of dairy cattle is mainlybased on individual feed ingredients produced as
byproducts of flour and oilprocessing industries and different locally available by-

products. This is becausethey are relatively easily accessible to farmers and some non-



conventional by-products are also available for feeding at comparatively lower prices
than manufactured feeds (Grasser et al., 1995). But still information on the effect of
formulated homemade feed supplementation during the late stage of pregnancy on
consecutive milk yield and composition, reproductive performance, blood plasma

metabolitesand fertility of crossbred dairy cows is scarce in Ethiopia.

Zebu (Bos inducus) cattle are known to be less fertile and have lower levels of milk
production than Bos taurus.However, Bos taurus are not well adapted to tropical
environments and cannot maximize their potential for production in the tropics as they
are less tolerance to heat stress with severe reduction in feed intake, growth rate, milk
yield and reproductive function in response to heat stress (Pegorer et al., 2007). Various
efforts have been made to improve the dairy sector through artificialinsemination or
shared crossbred bull service or by distributing crossbred Fiheifers particularly to the
smallholder dairy farmers in urban and peri-urban areasand to those rural farmers located
in close proximity to urban areas. Among thebeneficiaries of the crossbreeding programs
are the smallholder dairy farmslocated in the central highlands of Ethiopia, such as those

in Bishoftu and Holetta areas.

The success of dairy production in general and crossbreeding programs in particular
needs to be monitored regularly by assessing the productive and reproductive
performance under the existing management systems (Lobago et al.,, 2007). The
increased demand for dairy products and human population influences the importance of
dairy sector in the Ethiopian economy and increased dairy productivity through good
management practices is important. Furthermore, in Ethiopia dairy feed formulation
neither based on scientific knowledge nor follow feeding that satisfy the nutrient
requirements of dairy cows. As a result, dairy ration formulation should considerfeed
intake, cows’ physiology and post-partum fertility starting from late gestation through
early post-partum periods in crossbred dairy cattle that have Bos indicus blood in
Ethiopia (tropical Africa) to develop specific strategies to maximize production and

reproductive performances of these dairy animals in a tropical environment.



Therefore, this study was designed to assess urban and peri-urban dairy production
systems; identify available feed resources and feeding systems in the central highlands of
Ethiopia and evaluating the effects of different rations fed to Holstein Friesianx Boran
crossbred dairy cows starting from late pregnancy through early post-partum periods on

productive and reproductive performances.

Specific Objectives:

+ To assess urban and peri-urban dairy production systems in different districts in
Central Oromia, Ethiopia,

+ To identify major constraints and opportunities of urban and peri-urban dairy
production systems,

+ To identify available feed resources and feeding practices in urban and peri-urban
dairy production systems.

+ To investigate the effects of pre-partum and early post-partum feeding interventions
on DMI, milk yield and composition, post-partum blood plasma metabolites,
reproductive performances and fertility of crossbred dairy cows.



2. LITERATURE REVIEW

2.1. Dairy Production Systems in Ethiopia

Like most dairy systems found in the tropics, the Ethiopian dairy system includes a large
number from small to large-sized and subsistence to market-oriented farms. Based on
climate, land holdings, feed source and feeding system, herd type and size, objective of
keeping animals and integration with crop production as a criterion, three major (urban,
peri-urban and rural) dairy production systems were known in Ethiopia (Dereje et al.,
2005; Sintayehu et al., 2008; Zelalem et al., 2011). Urban and peri-urban dairy
production systems constitute most of the country’s improved dairy stock (Sintayehu et
al., 2008). In a review of Zelalem et al. (2011), the urban and peri-urban dairy production
systems are market-oriented and include smallholder as well as specialized commercial

dairy farms, largely concentrated in and around Addis Ababa and other regional towns.

2.1.1. Urban production system

Many countries have experienced exceptionally vast development in the dairy sector in or
around the largest urban centers, responding immediately to the market demand and
profiting from the lack of links between the rural producer and the urban consumers.
Similarly, in Ethiopia urban and peri-urban dairy production systems are emerging as an
important component of the milk production system. This system is contributing
immensely towards filling in the large demand-supply gap for milk and milk products in
urban centers, where consumption of milk and milk products is extremely high. Milk

production is playing a vital role in the livelihoods of Ethiopian people (Belete, 2006).

The urban dairy production system is developed in towns located mostly in the highlands
of Ethiopia. It comprises medium to large sized dairy farms which are capable of keeping
improved dairy herds(Azage et al., 2013).A number of smallholder and commercial dairy

farms are emerging mainly in and around the capital, Addis Ababa (Azage, 2003) and



most regional towns and districts (Nigussie, 2006). The majority of the farmers in urban
area keep their cattle in separate barn or loose house all the time, except when cleaning
the barn (Derese, 2008). Generally, in Ethiopia, urban dairy farming is a system
involving highly specialized, state or businessmen owned farms, which are mainly
concentrated in major cities with no access to grazing land. The main feed resources are
agro-industrial by-products and purchased roughage (Belete et al., 2010). Fekede et al.
(2013) also stated that urban dairy production is relatively intensive and mainly based on
stall-feeding using purchased roughages and concentrates.

2.1.2. Peri-urban production system

This system is located around major cities and towns. It comprises of small sized to
medium dairy farms which are also capable of keeping improved and local dairy stock.
The type of housing and facilities in the barn in peri-urban dairy farms are, such that it
prevents animals from hot conditions, theft and rain (Bekele et al., 2015). As reported by
Yitaye et al. (2008), the farmers have small size of grazing land; they use semi-grazing
systems and also practice under stall feeding conditions for improved animals. It
possesses animal types ranging from 50% crosses to high grade Friesian in small to
medium-sized farms. The peri-urban dairy system includes smallholder and commercial
dairy farmers in the proximity of Addis Ababa and other regional towns. This sector

owns most of the country’s improved dairy stock (Tsehay, 2001).

The main feed resources are agro-industrial by-products, purchased roughage and in
addition they use crop residue and pasture land. The primary objective of milk production
is also generating additional cash income (Belete et al., 2010). This production system is
now expanding in the highlands among mixed crop-livestock farmers, such as those
found in Selale and Holetta, and serves as the major milk supplier to the urban market
(Gebre Wold et al., 2000).



Based on the number of animals possessed and status of farmstead structure and facilities
available on farm, Diriba et al. (2014) classified the peri-urban dairyfarms into small-
scale and medium sizedperi-urban dairy farms subsystems. In peri-urban dairy production
system, crop and livestock production are closely integrated and agricultural activities
other than milkproduction form additional source of income (Fekede et al., 2013). For
instance, peri-urban dairy farmsin the Hawassa, Shashemenne and Dilla operate at
different scale ofproduction ranging from small to medium scale. They have access to
land and usually practice mixed crop—livestock farming, which produces part of the feed

in the form ofcrop residues and grazing (Azage et al., 2013).

2.1.3. Rural production system

The rural dairy production system mainly uses indigenous breeds and includes pastoralist
and mixed crop-livestock producers (Mohamed et al., 2004). Most parts of the highlands
are used both crop and livestock production (mixed farming) within a subsistence
smallholder farming systems (Ketema and Tsehay, 1995; Belete et al., 2010). Desta
(2002) noted that in the rural system livestock mainly graze on natural pastures of non-
arable or fallow land between crop fields and additionally fed crop residues. In this

system improved concentrate feed accounts for only 0.25% (CSA, 2011).

There are two types of dairy systems in the highlands: the traditional and the market
oriented system.The traditional system is based on indigenous breeds which have low
production performance (Ketema and Tsehay, 1995; Desta, 2002). The milk produced is
mainly used for home consumption and feed requirements are entirely satisfied, from
native pasture, crop residues, stubble grazing or agricultural by-products (Falvey and
Chantalakhana, 1999). As of Ahmed et al. (2003) the market oriented system is based on
improved crossbred dairy cattle where milk is an important source of additional cash
income.Only a very small part of milk is used for processing and home consumption

(Desta, 2002). Farmers need to feed their cows additionally with concentrates and agro-



industrial by-products such as brewery residues, wheat bran, oil seed cakes, mineral

mixtures and molasses (SNV, 2008) and keep their cattle in improved shelters.

2.2. Socio-economic Characteristics of Dairy Production Systems

The Ethiopian livestock sector has considerable economic and social importance, at both
household and national levels. Livestock production is a year round activity, in
comparison to crop production (which is seasonal) and therefore serves as security
against the risk of crop failure while providing year-round employment to a huge
workforce. It contributes in different proportions to household incomes, varying from
37% in the livelihoods of smallholder farmers in the mixed farming system to 87% in
pastoralist communities (Gebremariam et al., 2010; Behnke and Metaferia, 2011; ATA,
2012).

Land is one of the important parameters for dairy farming activity. But due to population
pressure and urbanization land size per household and communal grazing land has been
decreasing. In the highland, the number of population is more densely; as a result the
ratio of farm size to household is small. According to the report of (CSA, 2011), the
average land size of the Ethiopian highland is 1.18 hectares. The average land holding per
household (1.2 hectares) reported by Abebe et al. (2017) in the central highlands of
Ethiopia was lower than the national average value (1.60 hectares) reported by FAO
(2008). Abebe et al. (2017) further stated that land scarcity as one of the main constraints
for dairy farmers in the central highlands of Ethiopia. A study in Bahir Dar and Gondar
by Yitaye et al. (2011) also reported that inurban areas, 70% of the farmers do not have
access to farmland, livestock farming and especially dairying isby far their main
agricultural activity. Average land size perfarmer differed among farmingsystems (3.1
and 0.3 hectaresfor crop-livestock farmers’ and livestock farmers, respectively).
Similarly, the average farmsize was different between locations (2 and 0.6 hectares for

peri-urban and urban farms, respectively).



In urban and peri-urban areas of Bahir Dar and Gondar, 27.7% of dairy farm owners were
illiterate, 25.5% able to write and read and 19.6% had a higher education but there was
no significant difference between locations for the respective levels of education. Farmers
with diploma and above education levels were 24.5% and 18.3% in urban and peri-urban
areas, respectively (Yitaye et al., 2011). Farmers with higher educational level adopted
improved dairy management practices faster than those with low educational level
(Lemma et al., 2012). In peri-urban farms of Bahir Dar and Gondar, North western
Ethiopian highlands the family size per household was greater than urban farms which
likely manipulate the labour capacity available for crop and livestock production
(Yitayeet al., 2011). The authors further described that in urban and peri-urban farms

greater percentage of males (87%) than of female household heads.

A study in Mekelle city indicated that from 180 respondents the majority (41.7%) of the
dairy farms were established about 6 to 10 years ago, 7.2% of the farms were established
during the last 15 and above years, 20% were established about 11-15 years ago and
31.1% were established within the last 5 years (Solomon, 2014). In Bangladesh, 280
dairy farmers’ households were interviewed and the majorities of the farmers had 10 to
19 years of experiences in dairy farming and most of the highly experienced farmers
reared crossbred dairy cattle (Quddus, 2017).

A study in Burkina Faso by Thys et al. (2005) revealed that the farmers’ main objective
of keeping livestock was for generating cash income. Different studies in the Ethiopian
highlands stated that dairying generated 34% of the total household income of farmers in
the Holleta area (Mohamed et al., 2003) and 48.9% of the urban farmers of Southern
Ethiopia (Sintayehu et al., 2008). Azage et al. (2006) concluded that urban and peri-
urban dairy production systems could contribute to overall development through income

generation and employment opportunities.
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2.3. Livestock Holding and Herd Structure

Livestock ownership varies depending on the type of production system, wealth status
and the overall farm production objectives. Yitaye (2008) reported a larger number of
cattle kept by crop-livestock farmers, like in peri-urban and rural areas, than by livestock
farmers in urban areas. The average cattle herd size per household for smallholder
farmers in the Highlands reported were 7.1 cattle in North West Shewa Zones (Agajie et
al., 2002), 17.9 cattle around Debre Birhan (Ahmed, 2006) and 4 cattle at Akaki and
Lemu, Central Ethiopia (Bayush, 2008). In the mixed crop, livestock production system
of the Central Rift Valley the average cattle herd size reported was 15.5 cattle per
household (Lemma et al., 2005). Yoseph et al. (2003) reported an average herd size of
26.5 in urban and peri-urban production systems.

As studied by Zewdie (2010) in the Ethiopian Highland production system 95% and 4.6%
of the dairy farmers reared crossbred and local cattle, respectively. Local cows are mainly
kept on peri-urban crop-livestock farms in Bahir Dar and Gondar, where they constitute
more than half of the cow population, while in the other locations and farming systems
mainly crossbred cows are used (Yitaye et al., 2011). A study in Bure by Azage et al.
(2013) described that the proportion of crossbred cattle in rural dairy production system

is very low, but better in peri-urban and higher in urban dairyproduction systems.

2.4. Dairy Cattle Management Practices

2.4.1. Housing

Type of housing provided for dairy animals varied depending upon the classes of
dairyanimals, agro-ecology, production system and physiological stage (Azage etal.,
2013). A good quality shed for dairy cattle provides comfort to the animal, decreases
wastageof feedstuff and ensures better environmental control. If these basic needs cannot

be met in the animal shed, then health, welfare and production of the cattle will be
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compromised (Mulisa et al., 2011). In Bishoftu town, 42% of dairy farms had clay floors
and most of the dairy farms in all scales of production kept their dairy cows under cow
shed roofed with ridged sheets of materials (Mulisa et al., 2011). The authors further
described that the dairy shed floor structure in the majority of small and medium dairy
cattle holder was concrete floor. Cattle designs such as kraals and traditional free stalls
are very common in Dire-Dawa town (Emebet and Zeleke, 2008). Zemenu et al. (2014)
stated that in urban areas of Debre-Markos, the majority of the farms used separate
enclosure houses and stone slab floor.

In Adigrat area, a study by Alemshet (2014) revealed that the main housing systems were
made of stone wall with its roof being covered either by woody material (60%),
corrugated metal sheet (23.3%) or plastic sheet (16.7%). The floor was mostly made of
concrete, though there were few households who use toughened soil. The author further

noted that, free stall with feeding trough was commonly used in the study area.

Asrat et al. (2013) mentioned that in the urban production system of Boditti town, South
Ethiopia, housing cattle with the family was rare and was only practiced by farmers
around the periphery of the town. The majority (71.6%) of the households in the town
areas used cooking places (kitchen) for their animals, even though it is not advisable
because of the chance of zoonotic diseases transmission to human beings. Although
housing cattle in separate house have its own benefit, most dairy producers (60%) in and
around Boditti town used family houses for their animals rather than sheds constructed in
a suitable way. As a result, this trend should be avoided and the use of separate houses
must be encouraged (Asrat et al., 2013).

2.4.2. Feeding

In Ethiopia, natural grazing method of animal feeding system was supplemented with
natural grass hay, crop residues such as straws of cereals and agro-industrial by-products

mostly from the flour/oil industries and brewery residues (CSA, 2014).As described by
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Zinash et al. (1995) in the central highlands of Ethiopia, livestock grazing on seasonal
fallow land and permanent pasture lands during cropping season and on croplands after
harvest is common. Production problems common to most Ethiopian livestock feeding
systems are seasonality in animal feeds supplies and of poor quality in that the quality of
most harvested and conserved feedstuffs is such that when fed alone, it is often

insufficient to provide even for the maintenance needs of livestock (Anderson, 1987).

In and around Awassa city, 95% of urban and 92.1% of peri-urban dairy producers use
zero grazing and semi-grazing systems (Ike, 2002). The majority of the smallholder dairy
farmers in Dire Dawa town practiced intensive or zero-grazing, feeding system (Emebet
and Zeleke, 2008). The types of dairy cattle feeding systems identified in the East
Wollega zone, Ethiopia by Misgana et al. (2015) were grazing (own and communal
pasture), intensive feeding, combination (grazing, cut and carry and intensive) and
tethering. In the same study, the majority of the interviewed households (66.7%) fed their
animals through free grazing on own pasture land and only 7.6% were using communal
pasture mainly in the rural areas. The authors further distinguished that Zero grazing and
combinations of (grazing, cut and carry and intensive) feeding systems were mainly the
characteristics of urban and peri urban areas and only 10.5% of the respondents use stall
(intensive) feeding and 11.4% practice a combination of feeding systems. In Fogera
district, tach abua village Getachew et al. (2015) described two common feeding styles

(tethering and free grazing).

The three types of dairy feeding systems practiced in Jimma, Ethiopia were zero-
grazing/stall feeding, zero- and partial-grazingand full time-grazing, respectively (Belay
and Geert, 2016). A study by Dessalegnet al. (2016) also mentioned that stall feeding and
combinations of feeding systems were mainly practiced in Bishoftu and Akaki areas.
Overall, about 74.6% of the respondents’ uses stall feeding and 25.4% practiced a
combination of feeding systems.
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2.4.3. Breeding

In order to develop thegenetic potential of the animals, selection and breeding schemes
can be used. Breeding methods distinguished into pure breeding and crossbreeding
systems. Mating in the context of animal breeding means pairing of female and male
animals for the purpose ofreproduction on a farm using natural or artificial insemination
(Al) methods (Willam andSimianer, 2011).

The breeding objective in any livestock species is toincrease profit by improving
production effectiveness (Charfeddine, 2000). Profit is a function of income and costs
generated by each animal category composing the herd (Wolf et al., 2011). Breeding is
the first and probably most important step tobe taken in dairy cattle farming. Without it,
the program could result in genetic change, butin the wrong direction. Improving the
wrong traits is corresponding or even worse than noimprovement at all (Van der Werf,
2004).

In most tropical countries, both Al and natural service are practiced as breeding methods
(Bebe et al., 2003). Most of the dairy farmers in the highland, midland and the lowland
areas of Ethiopia used natural mating by using an indigenous breeding bull (Tesfa, 2009).
Along with natural mating, some farmers used Al in highland and midland areas. A study
by Solomon et al. (2014) also indicated that the majority of the farmers in Metekel zone
depend on natural mating in the absence of artificial insemination (Al) facilities. Under
mixedcrop-livestock production system in Boditti town, South Ethiopia most of the
farmers depend on natural breeding using native bulls, while others depend on Al (Asrat
et al.,2013). In a few cases, farmers were using both natural service and Al. According to
Ayantu et al. (2012) and Dereje (2015) more farmers practiced natural, unplanned and
uncontrolled mating system and keeping of sire was not practiced by smallholder farmers
rather they use for both breeding and drought power. Communal grazing land is the
primary source of breeding bulls in most part of Ethiopia (Shiferaw, 2006; Ayantu et al.,
2012).
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A recent study in and around Mekelle city, northern Ethiopia in 177 dairy farms also
described that the common breeding methods for crossbred dairy cattle were both Al and
natural mating by bull 39.5% followed by Al 34.5% and natural service 26% (Alemselam
et al.,, 2015). Conversely, in the East Wollega zone, Ethiopia about 45% of the
interviewed farmers were using natural breeding by bull service only. Only 4% of them
were using Al and the majority of the respondents (50.5%) have used both natural and Al
for breeding their dairy cattle alternatively (Misgana et al., 2015). As reported by
Dessalegn et al. (2016) in Bishoftu town 50.8%, 47.8% and 6.6% of dairy cattle
producers practiced Al, both Al and natural bull service and natural bull service only,
respectively as breeding methods. The authors further noted that in Akaki town 47.8%,
46.4% and 5.8% of the interviewed dairy farmers used both Al and natural bull service,
Al and natural bull service only, respectively, as breeding systems for their dairy cattle.

2.4.4. Culling and calf weaning practices

Reasonable economic benefits of improved reproductive performance are not easy to
estimate. When reproductive performance improves, all changes in cash flow that result
from the improvement must be accounted for. So for a good analysis, we need at least
realistic estimates of lactation curves, feed intake, the risk of involuntary culling, and
prices such as for milk, feed, labor, semen, fertility drugs, calves, replacement heifers and
cull cows (De Vries et al., 2012).

In Fogera, Jeldu and Diga districts of the Nile Basin, Ethiopia the overall average culling
age of cows was about 9 years (8-10) (Ayele, 2012). The author furthermore mentioned
that in case of emergencies (both financial and agricultural) the farmers tend to sell the
growing herd first and breeding females were maintained in the herd for older age until
reproductive performance was nearly ceased. This is due to the significant role that cows
play in the household or might be the strategy of the owners to avoid risks by maintaining
the surviving adult females rather than depending on young replacement females whose

survival may be low at times because of diseases (Dereje, 2005). A study by Zewdie
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(2010) stated that crossbred male calves were immediately culled out at Jimma and
Sebeta areas to reduce cost of production. Recently, Dessalegn et al. (2016) also
mentioned that in Bishoftu and Akaki areas male calves were not economical to keep and
farmers sold them cheaply or culled them from the herd as soon as possible.

In Tanga Region, northeast Tanzania restricted suckling (71%) and bucket feeding (29%)
were the commonest form of pre-weaning calf rearing systems practiced. Many farmers
in the studied area believe that mastitis can be minimized by practicing restricted
suckling. The mean weaning age was 130 days and ranges O to 360 days (Swai et al.,
2005).

A study by Ayele (2012) described that in Fogera; Jeldu and Diga districts of the Nile
Basin about 25% of the total 207 respondents practice weaning of their calves. In and
around Boditti town, South Ethiopia, 25% of households, followed early weaning (after 3
or 4 months) if there is feed availability for the calves, 14.2% wean when the cow
becomes pregnant or aggressive for the calf, while the majority (51.7%) of the
households wean calves when the dam/cow becomes dry. Colostrum feeding practices in
the area last for 5 to 7 days as stated by the majority (65%) of the households while 35%
give the colostrum to calves for 7-15 days (Asrat et al., 2013).

2.4.5. Record keeping

Record keeping is almost not familiar in smallholder dairy farming systems in many parts
of Ethiopia. Asrat et al. (2013) reported that 95% of dairy farmers in and around Boditti
town, South Ethiopia were not practiced record keeping. But 5% of the urban dairy
producers were found to record some reproduction parameters regarding breeding/Al
service using informal sheets given from development agents. The authors further
mentioned that the reasons for not keeping records in the area were households do not
have enough experience and lack of awareness about its benefits. A recent study by Asrat
et al. (2016) stated that in and around Wolaita Sodo town, 42.7% (town) and 27.8%

16



(surroundings) of dairy producers were found to maintain breeding/Al and
farm/reproduction records, respectively. But 29.4% of dairy producers have not practiced
record keeping because they did not know the importance of keeping records. Lack of
record keeping was reported by Al service providers and farmers which have adversely
affected the national data analysis and decision making in progress and it is also highly

believed to have an increased incidence of inbreeding in Ethiopia (Desalegn, 2011).

In another research conducted in the central zone of Tigray, Northern Ethiopia, 6.2% of
rural farms and 19.4% of the peri-urban dairy farms practiced records keeping about
input expenses and output prices. Record keeping was almost absent in all rural farms
and in 80.6% of the peri-urban dairy farms which is an indicative of lack of awareness of
dairy farm owners about the benefits of record keeping. The type of recorded data by
farmers in the study areas were price of purchased cattle, feed cost, year of birth,
medication cost, labor cost and revenues obtained from sales of bulls, male calf and milk.
Therefore, to increase the practice of record keeping extension experts be supposed to
give training and practically show how and what to record (Destalem, 2015).

2.5. Constraints and Opportunities of Dairy Production Systems

Ethiopia has a huge potential for increasing livestock production for both local use and
export purposes. However, expansion and productivity were constrained by quantitatively
and qualitatively insufficient and imbalanced nutrition, sporadic disease outbreak, water
scarcity, lack of appropriate livestock extension services, insufficient and unreliable data
to plan the services and inadequate information to improve animal performance,
marketing, processing and integration with crop and natural resources for sustainable

productivity and environmental health (Aynalem et al., 2011).

Earlier studies in different parts of Ethiopia also illustrated that the dairy production was
constrained by inadequate supply of quality feed and its high cost, access to credit,

seasonality of demand, particularly in fasting time and lack of the processing industry
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(Ahmed et al., 2003; Sintayehu et al., 2008; Assaminew and Eyassu, 2009; Adebabay,
2009). Shortage of land was reported as the most limiting factor in urban dairy
production systems (Belay et al., 2011; Azage et al., 2013). In Boditti town, South
Ethiopia dairy production system was most challenged by factors like land shortage,
availability and costs of feeds, shortage of genetically improved dairy animals,
discouraging seasonal marketing systems, poor animal health services, problems related
to waste disposal (for urban producers), poor extension services and knowledge gap
regarding improved dairying (Asrat et al., 2013).

In Mekelle city, the major constraints for dairy development were shortage of feed, high
costs of feeds, inadequate land for dairy expansion and preparation of feeds, seasonality
of milk demand occurred due to fasting season, lack of improved breed animals with
affordable price, less access to credit, Al problem, shortage of water and knowledge gap
in identifying quality cross breed cattle (Solomon, 2014). Cattle productivity in Gondar
town, North West Ethiopia was affected by various factors and the most important
constraints associated with dairy production were land shortage, feed shortage, disease
prevalence, poor government attention, poor veterinary service, lack of improved dairy
breed, high cost of feed, water shortage, lack of improved forage pasture and poor

transportation (Malede et al., 2015).

The large and diverse dairy animals genetic resources adapted to the wide and diverse
agro-ecologies, establishment of several structures and service centers such as veterinary
health and Al centers, high demand for consumption of dairy products, huge human
population with long-standing tradition of consumption of dairy products, high rate of
urbanization and income growth, availability of trained manpower, research institutions
and technologies shows that Ethiopia has ample opportunities for dairy development
(Azege et al., 2013). A recent study by Tadesse and Mengistie (2016) described that the
main opportunities for dairy farm development in Ethiopia were livestock genetic
resources and production system, accesses to services and land inputs, research institution

opportunities, indigenous knowledge, demand for and consumption of milk, income
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generation and employment opportunities and service providers. In Mekelle city,
Solomon (2014) also mentioned that the rapid urbanization, extensive population growth
and change in the living standard of the people, to generate income as dairy is highly
demanded, highly profitable sector, accessing animal health service, Al, extension and

training services were an opportunities for the development of dairy production.

2.6. Available Feed Resources inUrban and Peri-urban Dairy Production Systems

Animal feeds in Ethiopia were classified as green fodder (grazing), crop residue,
improved feed, hay, industrialby-products, and other feeds. Green fodder is simply
pasture grasses; crop residue includes harvested by-products (straw and chaff of cereals
and pulses, etc.); improved feed is like alfalfa; hay includes any type of grass, clover, cut
and dried as fodder; and finally industrial by-products are like oil cake (noug cake,

rapeseed cake, sunflower cake), bran and brewery residue (CSA, 2013).

Feed scarcity is indicated as a factor responsible for the lower reproductive and growth
performances, milk production, meat production and poor traction power output of
animals especially during the dry season (Legesse, 2008). Agro-industrial by-products
produced in Ethiopia and mainly used for dairy and fattening animals include; by-
products from milling industries, oil processing factories, abattoirs, brewery by-products
and sugar factories are the major feeds used as a supplement (Alemayehu, 2004). The
farmers generally provide better feeding through supplementation of concentrate by-
products such as oil cakes, wheat bran and pulse bran only to lactating cows, as they
receive immediate returns through milk sales (Ranjhan, 1999).

The major roughage feed resources for dairy animals across all the different Ethiopian
production systems include natural pasture/grasslands, grass hays, crop residues and non-
conventional feed resources (Asaminew and Eyassu, 2009; Yitay et al., 2009; Azage et
al., 2013). In Hadiya Zone, Hosanna town of Ethiopia the major feed resources used for

dairy cattle were agro-industrial products, crop residues, conserved feed, local beverages

19



by product atela and brint and grazing, respectively (Gezu et al., 2015). The major basal
feed resources for cattle in the highlands of Ethiopia were natural pasture, hay and crop
residues (Seyoum et al., 2001). Dairy farmers found in North Gonder who owned
crossbred cows feed concentrate feeds like noug seed cake, sorghum bran, bean bran and

wheat bran to their animals (Zewdu, 2004).

A study by Malede et al. (2015) explained that in Gondar town, the majority of farmers
were used wet brewery grain (97%) and wheat bran (56%) followed by bean bran (39%),
sorghum bran (29%) and Atela from Tella (24%), respectively, for their dairy cattle. But
Noug cake was the least used feed resources. The authors also proved that there were no
many improved forage feeds (like elephant grass, alfalfa white, sesibania, vetch and
Rhodes grass) used in the study area. The major feed resources for dairy cattle in East
Wollega zone were natural pasture, grass hay, crop-residues, improved forage plants
(elephant grass or Napier grass, Rhodes grass), concentrate feeds and non-conventional
feedstuffs such as mill house by product (hulls and scrubs) and ‘Atela’, locally produced
brewery by-product (Misganaet al., 2015).

2.6.1. Natural pasture and grass hay

In the majority areas of sub-Saharan Africa, the main and even the only feed source
available for large parts of the year in smallholder production systems are natural pasture
(Gylswyk, 1995). In most parts of the Ethiopian highlands forage is usually in good
supply during the rainy season (Ensminger, 2002). Natural pastures mostly suffer from
seasonal spells of dry periods during which they drop in quality, which is characterized
by high fiber content, low digestibility, low nitrogen, very low protein and energy
contents (Topps, 1995; Assefu, 2012). The yield as well as quality of pasture is very low
due to poor management and over stocking (Ashagre, 2008). In recent times, the share of
the natural grazing pasture at the national level as livestock feed resource, has become
decreasedto about 57% (CSA, 2013) from aprevious level of 90% (Alemayehu, 1985).
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As clarified in Zenash et al. (1995) natural pastures would be enough for maintenance
requirement and weight gain during wet seasons, but would not support maintenance for
the rest of the year. Natural pastures in the Ethiopian highlands are rich in species
composition, mainly indigenous grasses and legumes (Assefu, 2012). Generally, grazing
land productivity is reduced at a higher rate from time to time because of temperature
stress and shortage of rainfall, which is favored by the deforestation that denies humid
environment of the area. Additionally, the transfers of grazing lands to cultivation for
cropping and poor grazing land management are some of the reasons for dry matter
reductions from grazing lands (Yeshitila et al., 2008). Annual and perennial grass from
natural pastures consumed during the dry season and often at late stage of maturity
together with the straw and stalk from cereal crops composes low quality forages, with
high lignified cell wall and poor nitrogen (FAO, 1997). Mature grass, particularly those
that are weather bleached are low in digestible energy and protein, soluble carbohydrate,

carotene and some minerals (Ensminger et al., 1990).

The urban and peri-urban dairy feedlot operations depend on the hay produced in
pasturelands as a source of roughage feed in the central highlands of Ethiopia, the greater
in Addis milk shed (Fekede et al., 2013). The concentrations of crude protein (CP) in
grass hay have often fallen even below 7% during dry seasons in the highland farming
systems (Solomon et al., 2008). Good grass and legume hays are adequate for
maintaining most classes of livestock, particularly those in a non-productive state
(Streeter et al., 2006). Therefore, dairy cows depending on poor quality basal feeds will

not express their full genetic potential.

2.6.2. Crop residues

Crop residues are the fibrous by-products produced from the cultivation of cereals,
pulses, oil plants, roots and tubers and represent an important feed resource (Yayneshet,
2010). They are significant in fulfilling feed gaps during periods of acute scarcity of other

feed resources. Crop residues are assuming greater importance as a source of roughage
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than natural pasture and hay (Rehirahie and Getachew, 2011). In Ethiopia crop residues
contribute to about 50% of the total feed supplied (Tolera et al., 2012). The availability of
crop residues, as stock feed particularly in smallholder livestock production system, is
possible as a result of the allocation of more land for crop production (Alemayehu, 1998).
The amount of crop residue produced is intimately related to grain production, farming
system, type of crops produced and intensity of cultivation. About 12 million tons of crop
residues were produced yearly from 6 million hectares of farmland in Ethiopia (Daniel,
1988). A report by CSA (2008) revealed that crop residues production was increased to
31.52 million tons. Zinash and Seyoum (1989) stated that 63, 20, 10, and 7% of cereal
straws are used for feed, fuel, construction and bedding purposes, respectively. Farmers
in the Ethiopian highlands have a habit of conserving crop residues from teff (Eragrostis
teff), barley, wheat and sorghum (Reed and Goe, 1989). Straws from teff, barley and
wheat form the prime constituent of livestock diet in the mid and highland areas, while
maize, sorghum and millet Stover’s represent larger proportion of livestock feed in lower

to medium altitudes (Alemayehu, 1985).

Solomon and Alemu (2009) also indicated that teff, wheat and barley straws were the
main crop residues available in the highlands of Ethiopia. In southeastern parts of
Ethiopia, Abate et al. (2010) as well noted that straw from maize, sorghum and teff was
used mainly during the dry season. A recent study in Gondar town stated that crop
residues such as wheat, barley, teff straws and maize thinning were used by farmers as

basal diets for dairy animals (Malede et al., 2015).

2.6.3. Agro-industrial by-products

Agro-industrial by-products have special value in feeding livestock, mainly in urban and
peri-urban livestock production systems, as well as in circumstances where the
productive potential of the animals is relatively high and require high nutrient supply
(‘Yayneshet, 2010). The same author further identified that the major agro-industrial by-

products commonly used are milling by-products (wheat bran, wheat short, wheat
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middling and rice bran), oil seed cakes (noug seed (Guizotia abyssinica)cake, cottonseed
(Gossypiumspp.) cake, peanut (Arachis hypogaea) cake, linseed (Linum usitatissimum)
cake, sesame (Sesamum indicum) cake, sunflower (Helianthus annuus) cake, breweries
and molasses. The author added that the current trends of increasing urban population
have a significant effect on the establishment of agro-industries due to the corresponding
increasing demand for the edible main products. Additionally, Azage et al. (2013)
mentioned that agro-industrial by-products such as bran, middling, oil seed cakes and
molasses are fed as supplements to crossbred dairy cows in urban and peri-urban areas.

Though the contribution to the total animal feed resource is limited (1.45%), agro-
industrial by-products are one of the important feed resources available in Ethiopia (CSA,
2003). Agro-industrial by-products have diverse nutritional characteristics and differ in
their utilization as feed for livestock. However, these calls for a study evaluating and
development of appropriate feeding strategies that maximize the use of the locally
accessible feed resources for the different groups of animal in the varied production

systems and agroecologies (Getnet et al., 1999).

2.6.3.1. Milling by-products

Milling by-products include bran and related by-products of flour mills such as wheat
short, wheat middling, rice bran and screening. These by-products are produced during
milling of grain to produce flour for human consumption. Wheat bran is the most familiar
milling by-product used for livestock feeding in Ethiopia (Adugna, 2008). It is vastly
used product in formulating feed for dairy animals (Verma, 1997). Wheat middlings are
alike to bran except that they have lower fiber and higher flour contents, thus they are
higher in digestible energy than bran (Cheeke, 1991). Wheat screenings are broken or
shriveled kernels plus any foreign materials such as cheat and weeds. The various milling
by-products are of great interest as livestock feed in commercial or market oriented
livestock operations. The milling by-products, molasses and grain or damaged grain

predominantly serves as a source of energy. The milling by-products and grain are rich in
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starch and soluble carbohydrate while molasses is mainly composed of readily

fermentable soluble carbohydrates (Adugna, 2008).

2.6.3.2. Oil seed cakes

Oil seed cakes are the residue or cakes that are largely produced as by-products during
the extraction of edible oil from oil seeds with the type and importance of particular seed
cakes varying from place to place (Mesfinet al., 2014). The oil seed cakes are rich in
protein and serve as a source of protein in concentrate mixtures. Their protein content
may differ from 20-50%, depending upon the type of oil seed and the method of
extraction of oil (mechanical Vs solvent). However, the protein content of most oil seed
cakes like noug and linseed cakes lies within the range of 28-35% (Adugna, 2008). In
Ethiopia, noug seed cake, linseed cake, cottonseed cake, and groundnut seed cakes are

most commonly used as supplemental feeds in dairy and fattening farms.

2.7. Nutritional Value of Common Feedstuffs

The composition of the feed affects the absorption of nutrients into the blood and thereby
the amount of nutrients which can be allocated to the udder. In order to increase the
utilization of nutrients or to favour a certain milk composition, it is necessary to have
sufficient information about the nutrient affinity of the various post absorptive tissues and
regulation of mammary nutrient uptake, as well as their conversion into milk components
throughout lactation. There is still a lack of knowledge concerning the interaction
between supply and tissue affinity of individual nutrients (Madsen et al., 2005).

The crude protein (CP) content of noug seed cake (NSC) was 31.26% and 28.2% as
reported by Abebaw and Solomon (2008) and Wondimagegne et al. (2016), respectively.
The CP content of grass hay stated by Aschalew and Malede (2013) and Wondimagegne
et al. (2016) was 6.7 and 6.5% DM, respectively. A study by Gezu et al. (2017) described
that the Neutral Detergent Fiber (NDF) content of grass hay was 74.4% DM. The studies
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of Adugna (2008) investigated that the CP content of wheat middling was 17.8% of DM

basis.

Delgado and Randel (1989) recommended 15% crude protein for concentrate mixture for
cows grazing tropical grass swards. Alternatively, a study by Nega et al. (2006) stated
that in the urban and peri-urban centers of the Central Rift Valley, Ethiopia (Arsi Negelle,
Ziway, Wonji Kuriftu and Lume districts) farmers were used home-mixed concentrate for
their lactating crossbred dairy cows having 213 g/kg DM of CP, 10.6 MJ/kg DM of ME,
3.4 g/kg DM of calcium (Ca) and 12 g/kg DM phosphorus (P). Mesfin et al. (2013)
further explored that home-mixed concentrate used by dairy farmers for lactating
crossbred dairy cows in peri-urban smallholder dairy production systemsin West Shewa
zone (Ejere, Walmera, Burayou and Ambo districts) of central Ethiopia, contained
260g/kg DM of CP and 10.8 MJ/kg DM of ME.

2.8. Nutrient Requirements for Optimum Dairy Productivity

Nutrition has a profound influence on productive and reproductive performance of
dairycattle. In Ethiopia, beside the limited quantity of feed supply and intake, imbalanced
nutrition is another key factor responsible for low livestock productivity (Tekalign,
2014). The utilization of feed resources is highly inefficient, with about 85% of feed
intake used to meet the animal’s maintenance requirements and only 15% utilized for
production. As a result, lactating cows are unable to reach peak milk production during
early lactation leading to low milk yields (Tesfay et al., 2016). Because of the high
metabolic rate and requirement for milk secretion, lactating cowshave special demands

for a nutrient supplement (Indetie, 2009).

Generally, cows require nutrients for maintenance, growth, production and reproduction.
Nutrients required for these functions are expressed in terms of energy, protein, minerals
(particularly calcium and phosphorous) and vitamins. Energy, protein, and digestibility of

feeds are central in determining the nutritional adequacy and feeding levels for different
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classes of livestock species (Streeter, 2006). How much energy and protein a concentrate
mixture should contain will depend on the quality of the basal roughage and the level of
production. In an earlier study by Tadesse et al. (1991) at the Holetta Agricultural
Research Center, where 2, 4, 6, 8, and 10 kg of the same type of the concentrate mixture
fed to lactating crossbred dairy cows per day and 6 kg/cow/day was recommended. As a
rule, feeding concentrate at the rate of 0.5 kg per kg of milk yield with ad libtum
roughages feeding was recommended (SDDP, 1999; Pandey and Voskuil, 2011).

2.8.1. Energy requirements

The energy portion of feeds is the source of fuel for all body functions and it is the major
nutrient required by dairy cattle as it facilitates maintenance, growth and weight gain,
reproduction and milk production (Lukuyu et al., 2012). Energy is usually the most
important feed component needed to produce milk and depends on the composition of the
milk (i.e. fat and protein contents). The value of a feed is clearly related to the amount of
energy it can supply, since energy is usually the key limiting nutrient (Wilson and
Brigstocke, 1983). Energy requirement of animals is most commonly expressed in the
simplest way possible as the absolute quantities of energy gained or lost by animals
(McDonald et al., 1988).

According to NRC (1996) energy for maintenance can be defined as the amount of feed
energy required for essential metabolic processes and physical activities, which results in
no net loss or gain from, or to the tissues of the animal. Demand for energy depends on
live weight, sex, breed and physiological state such as pregnancy, lactation of the animal
(Church and Pond, 1982). The amount of feed needed to meet maintenance requirements
will vary with the typeand quality of feed available (McDonald, 1988). Friggens et al.
(2004) suggested that a high-fat ration in the dry period primes the cow to adapt to
mobilization of body fat in the following lactation period. After parturition, dairy cattle
are faced with a sudden and marked increase of nutrient requirements to support milk

production (Drackley, 1999). Supplementation of fat is used to increase the energy
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density of the ration and this is frequently used to explain the positive response in milk
yield, when fat is supplemented. The fat sources, most commonly used include oilseeds,
palm oils and different variations of these (Rabiee et al., 2012). Damgaard et al. (2013)
further argued that feeding oil seeds during the dry period would be a strategy for
priming the cows for fat metabolism in the following early lactation. As indicated by
Hans et al. (2008), in the tropics dairy cows generally need concentrates to produce milk
and feedstuffs rich in energy such as cereals, oil seeds and their by-products, molasses

and good roughage.

2.8.2. Crude protein requirements

The functions of crude protein in a dairy animal’s body include: making up new tissues
and muscles, repairing lost body tissues, growth and development, production and
functioning of enzymes and hormones, production of milk, development of the unborn
calf during pregnancy, formation of hair, horns and hooves, providing resistance against
diseases and provision of energy in the case of excess protein (Pandey and Voskuil,
2011). As a result, proteins are the major components of an animal body and are
continuously needed in the feedstuff. With increasing crude protein concentrations, milk
yield increased by 4.0 kg/day at the same concentrate intake but tended to fall at reduced
concentrate intake (Sutton et al., 1996). However, feeding increased level of protein to
improve the productivity of the cow results in a lower efficiency of utilization of crude
protein (Walker et al., 2005). Increased dietary protein normally elevates plasma levels of
urea, indicating increased amino acid oxidation or NH3 detoxification in the liver. Total
blood protein concentrations have also been shown to increase in response to increased
dietary protein content, and that could be explained by an intestinal sub-absorption of

amino acids (Law et al., 2009).

As protein is an expensive component of the ration over feeding should be avoided to
minimize the cost. In addition, extra energy, which would otherwise be used for milk

production, is used to remove the extra protein (nitrogen) from the animal body in the
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form of urea in the urine (Lukuyu et al., 2012). Yan et al. (2006) also mentioned that
nitrogen excretion in manure is highly correlated with dietary nitrogen intake and hence
the key mitigation strategy to reduce manure nitrogen output is to reduce dietary nitrogen

concentrations.

2.8.3. Calcium and phosphorus requirements

Calcium (Ca) and phosphorus (P) are closely correlated for building the skeletal
structure. Approximately 90% of the calcium and 70% of the phosphorus can be found in
the skeleton and teeth. Phosphorus in addition to its function in bone building is required
in the utilization of energy and in the cell structure. Animals usually require 1.5 parts of
Ca for every part of P. Phosphorus deficiency can be regarded as the most prevalent and
serious mineral limitation to livestock production (McDowell, 1985). However, to meet
the dietary requirements of cattle, P supplementation should be seriously considered. The
dietary P concentration needed to meet dietary requirements varies widely with feed
intake, breed, body weight, growth rate and physiological state (Chantiratikul et al.,
2009). The recommended P requirements for tropical beef cattle ranging from 1.7-3.5 g
kg' feed (Kearl, 1982). Feeding a calcium-deficient diet may delay uterine involution
and depress fertility (Funston, 2007). Rations should be formulated to ensure that the
animal consumes the desired amount of nutrients in a day (Adugna, 2008). Well balanced
diets should prevent severe negative energy balance and an excess intake of specific

dietary components (Leroy et al., 2010).

2.9. Feeding and Watering Frequencies of Dairy Cattle

Increasing the frequency of feed delivery has been shown to modulate the feeding
patterns of lactating dairy cattle with cows fed more frequently, spending more time
feeding, increase the distribution of feeding time over the course of the day and improve
access to fresh feed for all cows (DeVries et al., 2005). Study on feeding management in

more competitive free-stall settings indicates that frequency of delivery of fresh feed
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stimulates feed bunk attendance (DeVries et al., 2003) and can affect other aspects of
cows’ time budgets apart from feeding such as time spent standing or ruminating while

standing vs. lying down (Phillips and Rind, 2001).

Gibson (1984) concluded that increasing the feeding frequency of dairy cows increased
the milk fat percentage by an average of 7.3% and increased milk production by 2.7%. In
the studies of Shabi et al. (1999), Le Liboux and Peyraud (1999) and Kudrna et al.
(2001), increasing feeding frequency increased the DMI of the total mixed ration (TMR),
but had no effect on milk production. Contrary to these results, in the study by Phillips
and Rind (2001), the DMI and milk yield were higher with feeding once a day compared
with 4 times a day and concluded that frequent feeding disturbed the cows and reduced
milk production. Riva et al. (2013) concluded that the variation in the frequency of feed
delivery seems to affect the cow behavioural activity, but only in a limited way and to

modify only slightly the daily averages of the time spent on different activities.

Effects of feed delivery frequency on dairy cow production and metabolism depend on
the farm (like housing type, milking facilities), animal and diet related factors. Therefore,
because of interactions among these factors, theoretical predictions may not occur in
practice. Greater feed delivery frequency of highly fermentable mixed rations and rapidly
fermentable concentrates is thought to help stabilize rumen pH, and improve feed intake
and milk production (Yang and Varga, 1987; NRC, 2001). Rumen fermentation patterns
and cow performance have not been improved by greater feed delivery frequency (4
times or 6 times vs. 2 times) in non-competitive environments (Klusmeyeret al., 1990;
Macleod et al., 1994; Shabi et al., 1998). Feed intake was increased by 4 times instead of
2 times feed delivery of a corn grain-based total mixed ration (TMR) in individual tie
stalls (Shabi et al., 1999). Feeding 4 times for 1 time daily did not affect intake and
production of mid-lactation cows in tie stalls offered a corn grain-based TMR with alfalfa
hay and corn silage (Dhiman et al., 2002). As mentioned by Nikkhah (2011) feed
delivery once per day is labor effective and more desirable for many small and mid-size
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farms. Because of labor and time costs, more frequent than 4 times feed delivery is not

practicable for even large dairy farms.

Dairy cows must consume large quantities of water for the production of milk. Water
requirements are directly related to dry matter intake, i.e. increased consumption of dry
matter will increase water consumption and vice versa. Milking cows require 4-5 kg of
water for each kg of milk produced (Banerjee, 2009). Thokal et al. (2004) described that
the mean value of water intake by dairy cows was significantly higher in watering thrice
a day as compared to cows watering twice a day. The calculated daily water intake of
every day watering group was significantly higher compared with the every 2" day, 3"

day and 4™ day watering groups of Ethiopian Somali goats (Mengistu et al., 2007).

In the Highland production system (Debre Birhan, Jimma and Sebeta), dairy farmers,
mostly provide water twice a day for cattle. However, in the CRV (around Ziway) 47%
of the interviewed respondents watered cattle once in two days. In Debre Birhan, Jimma
and around Ziway 10, 35and 13%, respectively, of the farmers were able to provide ad
libtum water for their cattle (Zewdie, 2010). Kassahun et al. (2008) described that
watering frequency decreased as the distance to water accessing point increased and vice
versa. Azage et al. (2013) also revealed that the watering frequency of dairy cattle
depends on access to water sources, the age structure of the dairy herd, physiological
stage of animals and season. The authors further stated that in the urban and peri-urban
dairy production systems in Shashemene-Dilla milkshed about 36% of the households

water their dairy cattle once per day.

According the study conducted by Alemshet (2014) in Adigrat, Tigray about 25% of
urban and 37.2% of peri-urban households watered their dairy cows once per day. Only
28.9% and 15.25% of urban and peri-urban respondents, respectively, provide water ad
libitum for dairy cattle. In Mekelle city, 65.6% of the dairy producers watered their
animals once a day (Tilahun and Gebregiorgis, 2016). As reported by Bernabas et al.
(2017), in Alefa district of North Gondar zone, 66.7% of the respondents watered their
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dairy cattle twice per day. About 38% of the respondents in the Quara district of North
Gondar zone were watered their dairy cattle once, twice, and three times a day,
respectively (Bernabas et al., 2017). Frequency of watering to dairy animals varies from
one production system to another, which is affected by different factors, including
season, accessibility, performance and/or breed of the animals and predominant feed type

(dry or wet) and feeding systems (Asrat et al., 2016).

2.10. Prepartum and Post-partum Feed Intake in Dairy Cows

Adequate nutrition before calving and during post-partum period is essential if acceptable
estrous and rebreeding performances are to be achieved (Alam et al., 2001). The
transition period extends from the last 3 weeks of gestation through the first 3 weeks of
lactation. The term transition is to underscore the important physiological, metabolic and
nutritional changes occurring in this time frame. Nutrition and management programs
during this phase directly affect the incidence of post-partum disorders, milk production
and reproduction in the subsequent lactation (Grummer, 1995; Drackley, 1999). During
the transition period, the final growth of the foetus and calving occur and milk production
starts. The cow is also challenged by other stressors such as separation from her calf,
immune challenges when the uterus is cleared (Salasel et al., 2010), increased demand for
energy, nutrients and minerals (LeBlanc, 2010), and most often also exposure to a new
feeding regime and regrouping (Schirmann et al., 2011). Improving energy balance in the
post-partum period can reduce the incidence of periparturient diseases (Duffield et al.,
2009).

Concurrently with the dramatically increased need for nutrients, for the growing foetus,
but particularly for lactation, a temporary physiological decrease in dry matter intake
(DMI) leads to a shortage of glucogenic precursors from exogenous sources. Although
DMI increases after calving, the increase is slow compared with the increased need for
nutrients for lactation, with maximum intake reached between 5 and 7 weeks post-partum

(Grummer et al., 2004; Ingvartsen and Andersen, 2000).
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Tetens et al. (2013) also described that the first weeks of lactation are critical times
especially in high yielding dairy cows. During that time, an energy deficiency occurs due
to a drastic increase in milk production and a physiologically restricted energy intake. In
those first weeks, the cow needs to draw energy from its adipose stores and in some cases
even from its muscles, leading to a loss in body weight. The nutritional status of a cow
after calving affects disease resistance and reproductive performance. Lactation generates
a large increase in nutrient demands, especially in dairy cows which have been bred for
high milk yields. The correlation between voluntary intake and milk yield varies between
less 0.2 to 0.8, and intake is often more closely related to live weight than it is to milk
yield (Forbes, 1995).

Energy intake is a primary limitation on the milk yield of high-producing dairy cows as it
is determined by the net energy content of the diet and dry matter intake. Factors
affecting and regulating the feed intake of lactating dairy cows are numerous and
complex and span cellular to macro-environmental levels. Some can be controlled by
humans and include animal factors (age, body condition, physiological stage, milk yield
level, etc.), dietary factors (ingredient and nutrient composition of diet, physical and
agronomic characteristics of feeds, etc.), managerial factors (production, feeding system,
housing system, etc.), and climatic factors (temperature, humidity, wind). Therefore, the
determination of factors affecting DMI and quantification of their effects is important for
developing new feeding strategies during the prefresh transition period (Hayirli et al.,
2002).

Hayiril et al. (2002) further reported that the magnitude of DMI depression for heifer and
cows was different as they approached parturition. Dry matter intake of cows gradually
decreased from 2.06 to 1.36% of body weight during the final 3 weeks of gestation. The
DMI of heifers’ remained more constant, at about 1.8 to 1.7% of body weight from 3 to 1
weeks before parturition, and then sharply decreased to 1.23% of body weight during the
final week of gestation. The greater extent of DMI depression during the prefresh

transition period of cows compared with that of heifers suggests a greater decrease in
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energy balance, which may relate to their greater predisposition to post-partum health
problems (Curtis et al., 1985). Vasquez-Anon et al. (1994) reported a decline in dry
matter intake of about 40% in the last two days before calving.

2.11. Productivity of Dairy Cows

2.11.1. Milk yield and composition

In different parts of Ethiopia the average daily milk yield of crossbred dairy cows was
reported by Belay et al. (2012) 8.52 liters/day/cow from Jimma town, Fikrineh et al.
(2012) 8.95 liters/day/cow in the mid rift valley and Nigusu and Yoseph (2014) 14.1
liters/day/cow in urban and secondary town dairy production systems in Adama milk
shed. The average daily milk production of crossbred dairy cows was summarized and
reported in Ethiopia for urban (10.21 to 15.9 liters/day/cow) and peri-urban (9.5
liters/day/cow) systems (Azage et al., 2013). The average milk yield in Gonder town of
crossbred dairy cows was 12.6 liters/day/cow (Malede et al., 2015). But Anteneh (2006)
reported that the average milk yield of crossbred dairy cows in the same area was 9.63
liters/day/cow which indicate the recent improvement in management systems. In Holetta
Agricultural Research Center, crossbred dairy cows fed formulated concentrate mix (0.5
kg/kg of milk) and ad libtum native pasture hay produced a mean daily milk yield of 10.2
liters/day/cow (Getu et al., 2013). The overall average milk yield of crossbred dairy cattle
with >50% blood levels in Bishoftu and Akaki areas were 11.6+3.1 and 10.8+2.4

liters/day/cow, respectively (Dessalegn et al., 2016).

Milk is composed of water, carbohydrate, fat, protein, minerals and vitamins (Heinrichs
et al., 2005). Composition of milk varies from cow to cow and differs from the various
breeds. Milk solid components include protein, fat, lactose and minerals (Schroeder,
2012). The milk protein of cows ranged from 1.57 to 4.66%, with an average of 3.05%.

Furthermore, milk fat content ranged from 1.77 to 5.98%, with an average of 3.76%
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(Heinrichs et al., 2005). The milk from indigenous cows contains 6.1% fat, 3.3% protein,
4.5% lactose and 0.7% ash (Alganesh, 2002).

2.11.2. Lactation length

Lactation length refers to the period through which a cow starts milking and continues
giving milk until dry off. The lactation length of indigenous cattle increased when
crossed with exotic blood level. For example, a study conducted in the North Showa zone
of Ethiopia by Mulugeta and Belayneh (2013) indicated that local breeds (273.9 days)

had a shorter lactation length than crossbred (333.9 days) cows.

In most dairy units, a lactation length of 305 days (10 months) is commonly accepted as a
standard. But this standard lactation length might not work for smallholder dairy cows in
which the lactation length is extended considerably in most cases (Msangi et al., 2005).
Yoseph et al. (2003) in Addis Ababa reported shorter (8.8 to 9.7 months) and longer
(11.1 months) lactation lengths in urban and peri-urban dairy units, respectively.
However, Yitaye et al. (2009) had different observations in which dairy cows in urban
dairy units had longer (11.2 months) lactation lengths compared to cows kept in peri-
urban dairy units (7.5 months). As stated by Nigusu and Yoseph (2014) the overall
average lactation length in months for crossbred cows in urban and secondary town farms

in the Adama milk shed was 10.9 £ 0.1 and 11.0 + 0.1, respectively.

2.12. Factors Affecting Milk Yield and Composition

Milk composition and production are the interaction of many elements within the cow
and her external environments. High milk yield of satisfactory composition is the most
important factor ensuring high economic returns. If the composition of milk widely
varies, its implication is that nutritive value and its availability will also vary as a raw
material. Chemical composition of milk is variable and influenced by intrinsic factors

like breed, species, parity, stage of lactation; external factors like environmental stress
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and changes in feeding. However, it is generally accepted that the milkman can alter

many of these factors to achieve milk production and increase profit (O’Connor, 1994).

A study by Pagot (1992) revealed that cattle breeds which originate from the tropics
generally have limited genetic potential for milk production (500-1500 kg per lactation)
even when the best possible management systems have been provided for them.
However, management of dairy animals can have effects on cows’ productive
performance (Bee et al., 2005). McDonald et al. (2011) found that local dairy cows and
exotic breeds (Holstein Friesian and Jersey) kept under different management in a given
environment equally perform differently. Environment and location also play a critical
role in both local cattle and exotic dairying (Ngongoni et al., 2006). FAO (2013) declared
that, adequate nourishment through supplementation and management in early life
improves performance, health, milk production and longevity. Sufficient nutrition is
required to meet cows’ metabolizable energy for lactation (McDonald et al., 2011). This
provides benefits in twofold: less health issues and more milk production at optimum
lactation period combined with equal or even lower raising costs (FAO, 2013).

The daily average milk yield is also affected by parity (Darfour-Oduro et al., 2010).
According to Epaphras et al.(2004), Hatungumukama et al. (2006), and Afzal et al.
(2007) milk yield of cows is low at parity one and increase with increasing parity and a

decline after the fifth to sixth parities.

Heinrichs et al. (2005) confirmed that genetics and inheritance account for major
differences between cows’ milk protein and fat content. Fifty-five percent of the variation
in milk composition is due to heredity, while 45% is due to environmental factors such as
feeding management (Schroeder, 2012). Milk yield per cow tends to get the most
attention by dairy producers. However, milk components should not be overlooked.
Genetic selection should be directed toward increasing fat, protein and non-fat solids

yields. But, because component percentages tend to have negative genetic associations
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with yield traits, a change in these percentages is not likely to be achieved through

genetic selection alone (Looper, 2012).

Environmental factors such as nutrition and feeding management can have an impact on
yield more than the actual percent composition of the major milk constituents (Looper,
2012). Nutritional strategies that optimize rumen function also maximize milk production
and milk components (Varga and Ishler, 2007). As cows consume more energy than they
use to be, body weight is regained, losses in body condition are minimized and cows
produce milk of normal fat and protein content (Looper, 2012). As Looper (2012) parity
or age can also influence fresh milk components. Even as milk fat content remains

relatively constant, milk protein content gradually decreases with advancing parity/age.

2.13. Demand for Milk and Milk Products

The dairy sector in Ethiopia is expected to continue growing given the large potential for
milk development in the country, increased urbanization, the expected growth in income
and improved livestock policy. Human population in Ethiopia is estimated to grow at 3%
annually, whereas the urban population increases at a rate of 4.4%. Consequently, an
increase in population growth and consumer income in the future is expected to increase
liquid milk consumption (Mohamed et al., 2004). The annual rate of increase in milk
yield, which was estimated to be 1.2% lags behind the rapid growth in human population
(CSA, 2008) and this resulted in large supply—demand inconsistency for fresh milk
(MoARD, 2004).

In order to meet the growing demand for milk and milk products in Ethiopia, milk
production has to grow no less than 4% per annum. Bridging this large gap calls for the
design of suitable and sustainable dairy development strategies based on socioeconomic,
institutional and agro-ecological circumstances that build on the demand of consumers

and the needs and opportunities of producers (Azage et al., 2003). As reported by
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Ethiopian MoA (2012) there are some improvements inper capita milk consumption with

an estimated value of 19.2 kg.

2.14. Reproductive Performances of Dairy Cows

The reproductive performance of a breeding female is most likely the most important
factor that is a pre-condition for sustainable dairy production system and influencing herd
productivity on all forms of output such as milk, meat, traction, fuel as well as provision
of replacement animals. It is influenced by feed, genetics, diseases and management
practices (ILCA, 1990; Perera, 1999). Poor reproductive performance is caused by failure
of the cow to become pregnant, primarily due to post-partum anoestrus, failure of the cow
to maintain the pregnancy and calf losses (Perera, 1999). The parameters which describe
reproductive performance in dairy cattle like age at first service, age at first calving,
calving to first heat intervals, calving to first service intervals, calving to conception

interval, number of services per conception and calving interval are discussed below.

2.14.1. Age at first service (AFS)

Age at first service is the age at which heifers reach sexual maturity for accepting service
for the first time and influences both the productive and reproductive life of the female
through its effect on her lifetime calf crop. Under small scale dairy production in urban
and peri-urban areas in Gondar, Nibret (2012) reported an overall mean AFS of 15.4
months for crossbred dairy heifers. A considerable delay in the attainment of sexual
maturity may mean a serious economic loss due to an additional non-lactating and
unproductive period of the cow over several months (Mukasa-Mugerwa, 1989). Studies
by Belay et al. (2012) in Jimma town and Zewdie (2010) in the highlands and central rift
valley of Ethiopia stated age at first service of 24.30+£8.01 and 27.5 months for crossbred
dairy heifers. Habtamu et al. (2010) found AFS of 722.24+36.4 days for Jersey cattle at
Wolaita Sodo State Dairy Farm. In Bishoftu and Akaki towns, the AFS of crossbred
heifers was 18.7 months (Dessalegnet al., 2016). Inappropriatefeed supply and
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differences in management systems may bring variations in age at first service in
different areas (Gebeyehu et al., 2005).

2.14.2. Age at first calving (AFC)

It is the period between birth and first calving and it influences the cow lifetime
productivity and cost invested for rearing (Ojango and Pollott, 2001). The estimated age
at first calving for Ethiopian cattle ranges from 35-62 months (Mulugeta et al., 1991;
Haile-Mariam and Kassa-Mersha, 1994; Ababu, 2002). Nibret (2012) stated that the
overall mean AFC of crossbred dairy cows under small scale dairy production systems in
urban and peri-urban areas of Gondar was 32.4 months. In Jimma town, the mean AFC
was found to be 3.05+0.65 years (Belay et al., 2012). Hunduma (2012) in Assela, Kumar
and Tkui (2014) in Mekelle city reported AFC of 34.8+4, 36.4+1.7 months, respectively,
for crossbred dairy cattle. Recently, Dessalegn et al. (2016) stated that the mean+SD
AFC for crossbred dairy cattle in Bishoftu and Akaki areas were 27.0£3.7 and 26.9+5.4
months, respectively. A study in Wolaita Sodo State Dairy Farm indicated that the age at
first calving for Jersey cattle was 1035.21+12.59 days (Habtamu et al., 2010).

2.14.3. Calving to first heat interval

Calving to first estrous is an important parameter affected by feeding (Dziuk and
Bellows, 1983). Cows with excessive weight loss and severe negative energy balance
have irregular estrous periods and longer time to first ovulation and first breeding
(Ferguson, 1991). Another study further indicated that cows that are over conditioned at
calving or those that lose excess body weight are more likely to have a prolonged interval
to first estrous (Roche, 2006).

In Tanzania, Msanga and Bryant (2003) found no significant differences in the interval
from calving to first estrous between two crossbred genotypes (60—-80% and >80% Bos

taurus inheritance), between cows whose calves were reared by suckling or bucket.
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Calving to first post-partum estrous of crossbred dairy cattle was 114.5+73.7 days in
Mekelle city (Alemselamet al., 2015).

2.14.4. Calving to first service interval (CFSI)

Feeding significantly reduced the calving to first service interval of dairy cows (Ahmed,
2006). Similarly, Alam and Sarder (2010) stated that improved feeding significantly
reduced the calving to first service interval in post-partum dairy cows. A study was
investigated from 2096 records pertinent to 482 pure bred Friesian cows in Alexandria
University, Egypt and the overall mean calving to first service interval was reported as
88.4 days (Hammoud et al., 2010). In Bukoba district, Tanzania the overall mean calving
to first service interval of dairy cows was 169.9+1.8 days (Asimwe and Kifaro, 2007).
The mean interval from calving to first service of crossbred dairy cows in mixed crop-
livestock production, market oriented urban dairy production systems in Holetta area,
Ethiopia was 141.98 days (Yoseph et al., 2003).

2.14.5. Calving to conception interval (CCI)

Calving to conception interval or days open is the number of days between calving to
conception and influences profitability of the dairy industry. This influence is partly
attributed to factors such as increased breeding cost, increased risk of culling and

replacement costs and reduced milk production (de Vries and Risco, 2005).

Days open affects lifetime production and the generation interval (Ababu, 2002). Days
open should not exceed 80 to 85 days, if a calving interval of 12 months is to be achieved
(Enyew, 1992). This requires the re-establishment of ovarian activity soon after calving
and high conception rates. Nutritional deficiencies coupled with heavy internal and
external parasite load under extensive management systems, and allowing calves to
suckle their dams may all interfere with ovarian function, thereby prolonging the days
open (Short et al., 1990; Hafez, 1993). Gebreegziabher et al. (2005) mentioned the effect

of low level of nutrition on extended post-partum period due to weight loss.
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Kefena (2004) reported mean length of days open to be about 200 days for Boran
crossbred cows. Generally, the average length of days open recently reported for
crossbred dairy cows in Ethiopia was 85.6 to 197 days (Zewdie et al., 2011; Belay et al.,
2012; Hunduma, 2012; Niraj et al., 2014). Extended calving to conception intervals were
associated with low BCS by week +7 and greater peak milk yield (Patton et al., 2007;
Wathes et al., 2007).

2.14.6. Number of services per conception (NSC)

Number of services per conception (NSC) is the number of services (natural or artificial)
required for successful conception (Gidey, 2001). The number of inseminations required
to produce a live calf is one of the most important parameters of reproductive efficiency,
which mainly depends on the breeding system used. NSC expresses the fertility level of
the dairy herds. NSC is higher under uncontrolled natural breeding than hand-mating and
NSC greater than two should be considered as poor (Mukassa-Mugrewa, 1989). Many
factors contribute to the differences, including poor heat detection, skills of farmers and
improper timingof Al service. But cows mated naturally conceive earlier because the

bulls have a natural advantage of stimulating estrous activity and detecting heat in cows.

Although several studies were conducted to estimate NSC in Ethiopia, the results were
variable due to different reasons. Nuraddis et al. (2011) reported mean NSC of 1.29 for
crossbred dairy cows’ in North Gondar town. NSC values of 1.56, 1.62 and 1.73 were
reported by Belay et al. (2012), Gebeyehu et al. (2005) and Demeke et al. (2004) for
crossbred dairy cows in Jimma, Andassa ranch and Holetta Research Center, Ethiopia,
respectively. On the other hand, Emebet (2006) reported higher mean NSC of 2.2 for
crossbred dairy cows in a commercial farm in the Dire Dawa area. Additionally, a
number of services per conception of 1.6, 1.62 and 1.67 were reported by Belayneh
(2012), Yoseph et al. (2003) and Yifat et al. (2009) for Holstein crossbred dairy cows in

North Shewa Zone, central Highlands and in and around Zeway, Ethiopia, respectively.
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As summarized by Gillah et al. (2012), crossbred dairy cows kept in urban and peri-urban
areas of East Africa conceive on average after 1.6-2.6 services. These values are higher
than the minimum value of 1.3 NSC recommended in the tropics (Rahman et al., 1998).
According to Cassell (2001), heritability values of NSC are low and most of the variation
is related to environmental factors like quality of semen, the skill of the inseminator,
proper time of insemination and cows related factors. Management, nutrition and climate

conditions may also affect the success of insemination or services (Manale et al., 2011).

2.14.7. Calving interval (CI)

Calving interval refers to the period between two consecutive calvings and is a function
of aday’s open and gestation length. Since gestation length is more or less constant for a
given breed, the number of days open becomes the sole variable of calving interval. It has
low heritability and can be improved through nutrition and early breeding (Mulugeta et
al., 1990).

A study in Dire-Dawa by Emebet and Zeleke (2007) found a mean calving interval of
17.8 months for crossbred dairy cows. But 13.6 months calving interval was reported by
Yifat et al. (2009) in Zway for the same breed. At Bishoftu and Akaki towns, the calving
intervals of crossbred dairy cows were 13.0+2.1 and 13.8+1.9 months, respectively
(Dessalegn et al., 2016). Calving interval was shorter in crossbred than indigenous cows
under proper management practices. As reported by Yifat et al. (2012) crossbreds of
unknown exotic blood level have 622.6 days calving interval in Tatesa Cattle Breeding
Center, Gurage Zone near Wolkitie town, central Ethiopia. Other results reported by
(Mulugeta and Belayneh, 2013) and (Belay et al., 2012) in North Showa and Jimma
Zones also indicated that crossbreds of unknown exotic inheritance have calving intervals
of 660 and 640.8+3.84 days, respectively. Relatively longer calving interval might be
indicative of poor nutritional status, poor breeding management, lack of own bull and
artificial insemination service, longer days open, diseases and poor management practices
(Belay et al.,2012).
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2.15. Body Condition Score (BCS) in Dairy Cows

Body condition score (BCS) is a subjective measure of available tissue reserves and cant
herefore be used to indicate the energy balance of the dairy cow (Loker et al., 2010). It
has been reported that increased BCS is genetically and favourably linked with health and
fertility traits (Berry et al., 2003; Bastin et al., 2010). It has therefore been suggested that
the BCS is moderately heritable and may be selected for without a large negative impact
on milk production (Loker et al., 2010). It is essential to note that BCS is not genetically
correlated with a fat percentage (Loker et al., 2010). Generally, body condition score is a

moderately heritable trait across lactation and parity.

Dairy cows have the physiological ability of providing nutritional substances from their
body tissues by losing “body condition” for about 40 to 100 days (Gergovska et al.,
2011). Body condition score can be used on both heifers and cows, although primarily
they are used on the lactating dairy herd. BCS greater than 3.75 at calving can reduce dry
matter intake by 1.5 to 2.0% for every 0.25 BCS increase over 3.75 (Varga and Ishler,
2007). A study in Tanzania by Msangi et al. (2005) concluded that BCS at calving may

provide a simple single indicator of the nutritional status of a cow.

Loss of the BCS after calving has a significant effect on milk yield for 305 days lactation
and the highest is the milk yield of cows with the greatest loss of the BCS after calving
(Gergovska et al., 2011). Cows from Friesian and Brown Swiss with low BCS at calving
from 2 to 2.5 points have the lowest milk yield for 305 days after calving. The milk yield
and lactation period of cows with low BCS (<2.5 points) is by about 1400 kg lower than
that of cows with BCS >3.5 points (Gergovska et al., 2011). It has been recommended
that a cow should enter the dry period with a BCS between 3.25 and 3.75 (Watters et al.,
2010).

Diet constraint has a negative influence on luteinizing hormone (LH) release. Animals in

anoestrus showed decrease in diameter of leading follicles, and in ovulation rate to
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gonado-tropin releasing hormone (GnRH) treatment. The nutritional status of an animal
is reflected by body condition score (Rasby et al., 1992). A study conducted by D’occhio
et al. (1990) also mentioned the negative effect of low BCS on pregnancy rates and
ovarian cyclicity in beef cows. Furthermore, investigation on post-partum reproduction
indicated that the BCS is a practical pointer of rebreeding potential and energy status
(DeRouen et al., 1994).

2.16. Roles and Methods of Early Pregnancy Diagnosis

Reproductive failure is one of the major factors affecting output in dairy herds. It is
generally accepted that fertilization rates after natural service or artificial insemination
are close to 90%, while calving rates to a single insemination are close to 50% (Diskin
and Sreenan, 1980). The early identification of non-pregnant cows has the potential to
have a direct effect on the calving to conception interval (Stevenson et al., 2003).
Furthermore, a high cost benefit has been associated with early pregnancy detection of
dairy cows (Oltenacu et al., 1990).

It has been demonstrated that most embryonic loss occurs between days 8 and 16 post
insemination and that the embryo survival rates up to 8 days was 93%; however, the
survival declined markedly to 66% and 58% by days 16 and 42 post insemination,
respectively, in beef heifers (Diskin and Sreenan, 1980). Sartori et al. (2006) reported a
much lower conception rate (29.3%) on days 60 to 66 after Al and quite high rate of
pregnancy loss (18.6%) between days 25 to 32 and 60 to 66 after Al was reported in
lactating Holstein cows. As a result, accurate diagnosing and monitoring pregnancy status
as early as possible after service and detection of non-pregnant cows before the first
expected return to estrous 18 to 24 days after service could be ideal. By different authors
ultrasonographic investigations have been made to evaluate the bovine foetus by
monitoring foetal heart rate and foetal growth parameters (Bertolini et al., 2002;
Breukelman et al., 2004, 2005).
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The most popular methods currently employed for early pregnancy diagnosis in cattle are
rectal palpation, ultrasonography, hormone or pregnancy-specific antigen analysis
(mainly progesterone, pregnancy-specific antigens, and oestrone sulphate). However, all
these pregnancy diagnostic techniques have their own advantages and disadvantages with
regard to the time interval of diagnosis after service, diagnosis accuracy and efficiency,

and effect on embryonic losses (Fikre, 2007).

Manual transrectal palpation of the reproductive tract approximately 35 days post service
is commonly used to determine pregnancy status. Accurate pregnancy diagnosis could be
achieved based on the recognition of a proper embryo with a beating heart, at between 26
and 34 days, by using ultrasonography in cattle. The sensitivity and specificity of the
ultrasound examinations between days 21 and 25 were 44.8% and 82.3%, respectively,
but between days 26 and 33 the results were 97.7% and 87.8%, respectively (Pieterse et
al., 1990). Ultrasound characteristics of the uterus and corpus luteum (CL) have been
assessed as possible markers for early pregnancy diagnosis. In isolation, these markers do
not appear to perform well (Badtram et al., 1991; Herzog et al., 2011). In practice,
pregnancy diagnosis involves examination of the entire reproductive tract. Even when an
embryonic heartbeat is detected, it is recommended that the ovaries be assessed for the

presence of a CL (Lopez-Gatius and Garcia-Ispierto, 2010).

Zoli et al. (1992) reported a 95% overall accuracy of the pregnancy associated
glycoprotein (PAG) radioimmunoassay as of 35 days post service, with accuracies of
93% and 98% for detecting pregnant and non-pregnant cattle, respectively. Progesterone
secretion is not specific to pregnancy, so the accuracy of testing for it is influenced by
different factors like pathological conditions such as pyometra, segmental aplasia of the
mullerian duct system, luteal cysts, embryonic or foetal death, and the presence of
macerated or mummified foetus can result in the maintenance of an active corpus luteum
(persistent corpus luteum) and elevated milk or plasma progesterone levels that are
suggestive of pregnancy (Lobago et al.,, 2007). In the event of non-pregnancy,

progesterone may be an accurate measure of pregnancy diagnosis, as low concentrations
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would indicate a non-functional corpus luteum (CL). Studies assessing the use of milk
progesterone as a pregnancy diagnosis have found that it can be applied for the detection
of non-pregnant cows on day 19 (Oltenacu et al., 1990). In general, the diagnosis of
pregnant cows is difficult due to variations in progesterone concentration during early

pregnancy (Mann andLamming, 1999).

2.17. Fertility in Dairy Cows

When a female is in estrous she tends to be restless and seeking a mate. If she becomes
pregnant, the next estrous is postponed so the embryo has time to develop. If a female in
estrous does not become pregnant new follicles start to develop on the ovaries in
preparation for a new estrous (Sjaastad et al., 2003). Length of the estrous cycle is 21
days in dairy cows. Corpus luteum, which is formed in the ovaries after ovulation is
responsible for the production of progesterone. The secretion of progesterone starts when
corpora lutea starts to develop the ovaries in the luteal phase of estrous. Sjaastad et al.
(2003) also mentioned that if the cow becomes pregnant corpora lutea continues to
secrete progesterone, but progesterone secretion drops when the corpora lutea undergoes
involution if the cow does not get pregnant. Because of increased progesterone
concentration the uterus undergoes changes that will increase acceptance and nourishing
of the embryo. The authors further stated that if the cow becomes pregnant the most
important effects of progesterone are to create favorable conditions in the uterus for the
embryo development. Progesterone prevents new owvulation, it stimulates growth and
development of the uterus and it also contributes to growth and preparation of the

mammary gland for milk synthesis.

For many years, concerns about declining dairy cow fertility were raised world-wide
(Lucy, 2001). Fertility traits have a reportedly low heritability and a loss in fertility is so
far mainly managed by optimizing environmental conditions (Tsuruta et al., 2009).
Alternatively, there are also reports questioning the genetic connection between high

performance and a decline of fertility (LeBlanc, 2010; Pimentel et al., 2011). Maintaining
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a satisfactory fertility in cows is essential for successful dairying. Dairy farming is
expanding with crossbred high yielding cows in urban and peri-urban areas. To achieve
maximum profitability, it is very essential to increase the pregnancy rate (Rice, 1980).
Poor fertility decreases the profit margin because of loss in milk yield, cost of replacing
culled cows and decreased calf sale per cow (Stoat et al., 1999). Ideally, optimum,
economic fertility could be achieved with a pregnancy rate of 80% after the first
insemination, a maximum of 1.3 services per conception and an average interval of 85

days between parturition and conception (Morrow, 1980).

2.17.1. Conception rate to artificial insemination (Al)

The conception rate to Al is the percentage of females actually pregnant after breeding or
the ratio of animals confirmed pregnant after service to the number of cows bred
(Mekonnen et al., 2010). It is a reproductive index used to determine the efficiency of Al
service and the reproductive performance of the herd. Cow fertility is generally evaluated
by the conception rate, defined as the proportion of cows declared pregnant following
artificial insemination. This indicator is inversely related with the number of artificial

inseminations per conception (Bousquet et al., 2004).

Delayed ovulation and insemination provides some explanation for the observed low
pregnancy rate; however, as loss of BCS becomes more extensive, the reduction in
conception rate to Al becomes greater (Butler, 2003; Roche et al., 2009). Cows losing
one unit or more BCS (5 point scale) during early lactation are at greatest risk of low
fertility. As a guideline, conception rate decreases about 10% per 0.5 unit BCS loss
(Butler, 2001; Santos et al., 2009). Conception rates are generally influenced by a variety
of factors. Management and environmental factors account for 96% of the variation in
conception rates (Saha et al., 2014). Herd differences in nutrition, metabolic disorders,
reproductive health, heat detection, insemination practices and climate can result in

significant differences in conception rates (Kathy, 2004). The remaining 4% of variation
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in conception rates is due to genetic factors with 3% of the cow and 1% for the service
bull (Kathy, 2004).

The conception rate to first service in Asella town of Holstein crossbred dairy cows
reported by Hunduma (2012) was 65%and Azage et al. (2012) reported a 61.7% for
estrous synchronized cows in Adigrat and Mekelle milk shed. But 58.6% and 54.2% of
the same breed in urban and rural areas of Adami Tullu and North Gondar Zone were
reported by Woldu et al. (2011) and Haileyesus (2006), respectively. Haile (2014)
revealed 75.5% conception rate to first service for Holstein Friesian dairy cows at Alage

Agricultural Technical vocational training College.

As reported by Alam and Sarder (2010) parity did not significantly affect pregnancy rate.
However, Hasan (2008) found significant (P<0.01) effect of parity on pregnancy rate.
Earlier study by Biochard and Manfredi (1994) also stated that the conception rate in 1°
parity cows was highest (54%) and the lowest in 7" parity cows (38%). Cows having
BCS of 3.1 to 4.0 (very good condition) showed a better pregnancy rate (Alam and
Sarder, 2010).

2.17.2. Factors affecting fertility in dairy cows

The fertility of the cow is important parameter in dairy production. If the cow does not
conceive, no subsequent lactation will follow and a potential replacement heifer will be
lost (Lucy, 2001). Low fertility rates of cattle in the tropics compared to temperate
regions are probably related to environmental differences, including inadequate nutrition,
prevalence of diseases and parasites as well as the interaction between genotype and

environment (Mukasa-Mugerwa, 1989).

As indicated in Perry et al. (2011), increased visual observation, in addition to the use of
estrous-detection aids, could improve fertility by determining the most appropriate time

for insemination. Pregnancy rates were also increased when animals were detected in
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standing estrous within 24 hours of fixed-time insemination regardless of follicle size
induced to ovulate (Perry et al., 2005). Cows that initiate standing estrous around the
time of fixed-time insemination had elevated preovulatory concentrations of estradiol
compared to cows that did not exhibit standingestrous (Perry and Busch, 2005). Efficient
transportation of sperm through the female reproductive tract requires that the female be
in estrous or under the influence of estrogen (Hawk, 1983). In a review by Santos et al.
(2004) fertilization failure in lactating beef cows ranged from 0 to 25% and in lactating
dairy cows from 12 to 45%. Estrogen may influence fertilization rates through both
sperm transport and fertilization efficiency by altering the uterine environment around the

time of fertilization.

The reciprocal embryo transfer of embryos to and from cows induced to ovulate either a
large or small follicle with GnRH revealed some interesting results about the factors
affecting fertility (Atkins et al., 2010). While, ovulatory follicle size and serum
concentrations of estradiol were highly correlated (r = 0.49; P<0.0001), both
concentrations of estradiol and follicle size had independent positive effects on
fertilization success, but only follicle size at time of Al had a positive independent effect
on the presence of alive embryo 7 days later. Additional traits that directly increased
fertilization rate included increased post-partum interval, increased cow weight, and
decreased age. Younger cows also produced embryos that were better developed on day 7
than older cows. Consequently fertilization failure is greater in older cows and cows that
calved later in the calving season that had lighter body weights. In addition, recipient
cows that were not cycling at the onset of synchronization were less likely to become
pregnant after receiving an embryo (Atkins et al., 2010).

2.18. Post-partum Blood Metabolic Profile in Dairy Cows

In early lactation, milk production is often believed to be limited by supply of key
nutrients to the mammary gland, whereas in late lactation, mammary synthetic capacity is
believed to be the main limiting factor for milk production (Wilde and Knight, 1989). It

could therefore be assumed that the mammary gland would become less sensitive to
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changes in nutrient supply as lactation advances. Therefore, it can be predicted that there
might be a relationship between changes in the blood profile of nutrients and the milk
yield, since the metabolic activity regulates the milk synthesis (Nielsen and Jakobsen,
1994), and since changes in milk yield, feed intake and energy balance of the dairy cow
during lactation has been shown to be associated with characteristic changes in
concentrations of plasma metabolites (Reist et al., 2003). If such a relationship is
noticeable, the profile of different plasma metabolites potentially could provide
information about the metabolic status of the cow and be used for determination of the

pattern of nutrients extracted by the mammary gland.

Blood metabolites verified the energy status of dairy animals. It has been influenced by
several factors, like animals dietary status, nutrients requirements and feed intake which
have fluctuated mainly with parturition and advance lactation period. Glucose is a main
energy source for animal tissues and is necessary metabolite for growth of tissues,
preservation and used as a biochemical pathway in the animal bodies. Lactose of milk is
produced from bloodglucose and it is a significant factor in organizing milk yield in dairy
animals’ inmammary cells (Fernandez et al., 2007). Higher plasma insulin and glucose
concentrations were recommended when positive indications to the reproductive axis
(Gong, 2002).

Rations high in protein are positively associated with the degradation of protein in the
rumen (increased NH3 concentrations) (Broderick, 2003; Hristov et al., 2004), increased
blood urea N levels and inducing higher urinary N losses (Castillo et al., 2001). Ruminal
N loss is the greatest single contributor to urinary N losses, but the metabolic losses,
indigestible microbial N, losses in maintenance and inefficient conversion of absorbed
amino acid into milk protein may cover up to 72% of the urinary N losses in the dairy
cow (Hristov et al., 2004). By the continuous allocation of feed protein and energy it is
possible to increase the synthesis of microbial protein and to reduce the NH3
concentration in the rumen, and by this improves the N efficiency in the rumen
(Tamminga, 1996).
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Due to enrichment of age animal tissue consumption of energy declines with low
maintenance requirements and little milk production, the metabolic activities get slower
and the serum concentration of triglycerides turns out to be an increase in blood
(Fernandez et al.,2007). Liver accumulation of triglycerides delays the increases in LH
and FSH necessary for stimulation of ovarian follicles, estradiol production, and
ovulation (Butler et al., 2006). Burle et al. (1995) declared the lowest serum
concentration of cholesterol in anoestrus than in cycling cows. Increased level of
cholesterol in post-partum stimulates expansion of uterine involution (Quintela et al.,
2003). Low blood insulin concentrations are responsible for low IGF-I production from
the liver (Butler et al., 2003) which together reduce responsiveness of ovarian follicles to
gonadotropins. Physiologically the metabolic and gonadotropin signals controlling early
follicle development are interrelated: FSH stimulates granulosa cells in follicles to
develop receptors for insulin, growth hormone and IGF-I; insulin and IGF-I then provide
the hormonal stimulus for full development of preovulatory ovarian follicles (Kawashima
et al., 2007; Shimizu et al., 2008; Sudo et al., 2007). The dietary effects on ovarian
function were generally described through the short period influence of vigorous status
on the ovary and indirect action during the system of endocrine (Scaramuzzi et al., 2006).
Dietary supplementation for seven days from theluteal phase to the follicular phase
encourages the pulsation rate of luteinizing hormone discharge and wave like discharge
of follicle stimulating hormone (FSH) accompanied with raises in the plasma

concentration of glucose and insulin in cyclicgoats (Haruna et al., 2009).

2.19. Reproductive Disorders of Dairy Cattle

Upon closer examination of reproductive processes in the dairy cattle, the post-partum
period is the most varied and susceptible to problems (Radostits etal., 1994) which results
in substantial economic loss to the dairy industry (Lobago et al., 2006). It is very difficult
to diagnose those problems by one particular disorder or symptom, because there is
interrelation between predisposing factors such as management at calving, hygiene,

parity, stageof gestation, nutrition and environment (Msangi et al., 2005). In dairy cows
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the breeding efficiency is decreased by a number of reproductive disorders such as
anoestrus, repeat breeding and endometritis, which highly affects the reproductive and
productive performances of cattle and cause huge financial losses to dairy farmers.
Generally, the primary reasons of the reproductive difficulties in a herd are many and

consist of nutritional, pathological and managemental factors (Qureshi, 2007).

In Meghalaya province, North-Eastern India, the reproductive disorders reported by Khan
et al. (2016) were anoestrus (31.79%), repeat breeding (24.61%), retention of fetal
membrane (14.35%), abortions (11.25%), dystocia (5.12%), prolapse (1.53%),
endometritis (4.61%) and pyometra (6.66 %) irrespective of breed, age and parity of the

cow.

In Ethiopia, regardless of the huge number of cattle, productivity is low due to constraints
like disease, nutrition and poor management. These constraints result in poor
reproductive performance of dairy cattle and lower economic benefit of the sector
(Molalegn and Prased, 2011). Among the main problems that have direct impact on
reproductive performance of dairy cows, abortion, dystocia, retained fetal membrane;
repeat breeding and clinical endometritis are those mostly occurred which also have been
classified as post-partum and pre-partum problems (Forar et al.,1996). The variation in
management systems and environmental conditions under which cattle are maintained
could greatly affect the occurrence of reproductive health problems which result in poor

reproductive performance (Takele et al., 2005).

Repeat breeders are those cows that require three or more services to conceive (Enkhia et
al, 1983). Post-partum anoestrus, defined as the lack of estrous until 60 days post-partum,
is the major factor causing elongation of this interval and, in consequence, substantial
economic losses (Schopper et al., 1993; Senger, 1994; Opsomer and de Kruif, 1999;
Mwaanga and Janowski, 2000). Incidences of post-partum anoestrus may vary between
herds from 10 to 40% (Fischer et al, 1998). Fischer et al. (1998) found a higher incidence
of post-partum anoestrus of 49%. A study by Alemselam et al. (2015) in Mekelle city,

51



Ethiopia also stated that anoestrus was the most prevalent reproductive problem in
crossbred dairy cattle followed by repeat-breeding. The authors further indicated the
prevalence rates of reproductive problems in the area anoestrus (37.8%), repeat-breeding
(21.0%), dystocia (11.6%), retained fetal membranes (11.5%), endometritis (6.6%),
abortion (6.4%), prolapsed uterus/vagina (2.9%), stillbirth (2.0%) and freemartin (0.2%).
Therefore, it was concluded that improvements in management systems (such as housing,
feeding and health care), heat detection and proper selection of bulls for breeding taking
into account the size of cows could help in minimizing reproductive health problems and
hence, improve the reproductive efficiency of smallholder dairy cows (Gizaw et al.,
2007).

The key for an optimal fertility in dairy herds is a healthy uterine environment. A healthy
uterus is the basis for high submission and conception rates. The post-partum period is
defined as the period after calving and lasts until the reproductive function is restored
again so that another pregnancy can occur. There are four major events during this
period, which, include: myometrial contractions and expulsion of secundus, endometrial
repair, resumed ovarian function and elimination of bacterial contamination in the
reproductive tract (Senger, 2012). Secundus begins three days post-partum and reaches
its peak during the second week and all the fluid is normally expelled by 18 days post-
partum (Olson et al., 1986). Viscous consistency of normal secundus changes to foul
smelling watery and reddish brown exudates because atonic uterus is not able to expel its
content during puerperal metritis (Smith and Risco, 2002) and increases the risk of
bacterial complications (Sheldon and Dobson, 2004). Uterine involution consists of the
reduction in uterine size, clearing bacterial contamination, sloughing of the caruncles and
regeneration of the endometrium (Sheldon et al., 2008) and is completed by 28 days post-
partum (Saut et al., 2011). Resumption of cyclicity also occurs during this interval, with
the first ovulation occurring around 40 to 45 days post-partum (Cengic et al., 2012). This
interval can be affected by nutrition, body condition, parity and can be extended due to

uterine diseases (Sheldon et al., 2002).
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Bacterial contamination of the uterine lumen after parturition often hinders the uterine
function (Sheldon and Dobson, 2004). Bacteria can be cultured from samples collected
from the uterine lumen of dairy cattle in the first 2 weeks after parturition without the
appearance of anyapparent clinical signs (Sheldon et al., 2002). Polat et al.(2009)
reported that 10-17% of cows have pathogenic bacteria two weeks post-calving while
Sheldon (2007) found that intensively managed dairy cattle often have bacterial uterine
contamination rates of 90 to 100% within the first two weeks post-partum. Prevalence of
clinical and sub-clinical endometrits after parturition ranges between 5 to >30% and 11 to
>70%, respectively (Galvao et al., 2009).

In post-partum cows, endometritis continues to be a major cause of poor fertility and
delayed conceptions (Couto et al., 2013). Subclinical endo-metritis (SCE) is
characterized by an increased proportion of polymorphonuclear (PMN) cells in uterine
fluid at 35-49 DIM (days in milk). SCE is prevalent in high producing dairy cows and has
been associated with delayed resumption of ovarian cyclicity (Senosy et al., 2009) and
extended intervals to pregnancy (Gilbert et al., 2005; Galvao et al., 2009; Sheldon et al.,
2009). Cystic ovaries contain one or more persistent fluid-filled cavities larger than a ripe
follicle. This is sometimes referred to as cystic ovarian disease (Chauhan et al., 1984).
Estimates of the incidence of cystic ovaries in zebu cattle range from 1 to 13% (Hussain
and Muniraju, 1984). According to Lopez-Diaz and Bosu (1992), ovarian cysts occur in

15% of dairy cows during the early post-partum period.
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3. MATERIALS AND METHODS

In the current study, survey and feeding trial were undertaken. Consequently, the
materials and methods followed during the study periods are presented below.

3.1. Survey Part

3.1.1. Description of study areas

Assessment of dairy production systems and feed resources identification was conducted
in urban and peri-urban areas of Assela, Bishoftu, Holetta, and Sululta towns (Figure 1)
which were considered to be the major dairy production belt areas of the central
highlands of Ethiopia.

Assela town is the capital of Arsi zone. It is located at about 175 km Southeast of Addis
Ababa at 7° 57" 0" N latitude and 39°7' 0" E longitude and with an altitude of 2430
meters above sea level. It is characterized by mild sub-tropical weather with the
maximum and minimum temperature 18 and 5°C, respectively. Agricultural production
system in the study area is of mixed crop and livestock production. Dairy farming using

improved breeds is a common practice in urban and peri-urban areas (KARC, 2008).

Bishoftu is located at 45 km along the Southeast of Addis Ababa, the capital of Ethiopia
at 9°N latitude and 40°E longitude and at 1850 meters above sea level. The annual
rainfall is 866 mm, of which 84% are in the long rainy season from June to September.
The annual average temperature ranges from 12.3°C to 27.7°C with an overall average of
18.7°C (NMSA 2010, unpublished data).

Holetta is among the places that are known to be potentially high for dairy production,
located between 38.5°E longitude and 9.8°N latitude and an elevation of 2400 meters
above sea level. It is situated in the central highlands of Ethiopia. The average annual
rainfall and temperature is about 1200 mm and 18°C and the average monthly relative
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humidity is 60%. The seasons are classified into dry, short rainy, and long rainy, which
last from October to February, March to May and June to September, respectively
(Million et al., 2010).

Sululta district is one of the six districts of Oromia Special Zone surrounding Finfinne
town of Oromia National Regional State. The districts’ capital town, Chancho, is 40 kms
away from Addis Ababa towards the North-west. It lies on the geographical coordinates
of 9° 11' 0" N latitude, 38° 45' 0" E longitude. The area is characterized by shallow
valleys with an elevation of 2500 metersabove sea level, almost completely surrounded
by mountains with numerous small rivers which drain into the Muger River. The average

annual temperature in Sululta is 14.7°C with an average rainfall of 1119 mm (SDAO,

2012).
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Figure 1. The geographical location of the study areas



3.1.2. Study design, sample size and sampling methodology

A cross-sectional study involving purposive selection of study areas, but a random
selection of dairy farms and farm owners from the urban (town) and peri-urban (around
the towns) were conducted. The study areas were purposively selected as they have high
potential for dairy production. The sampling frame of Kebles and dairy farms were
obtained from respective district livestock and agriculture development offices.
Depending on the frame lists and information obtained, two Kebles (administrative
divisions) from each production system (urban- and peri-urban) of each district were
purposively selected based on the availability of crossbred dairy cattle and dairy
production experiences. Ten dairy farms were then randomly selected from each Keble
with a total of 40 dairy farms from each study area for the survey interviews. Before the
formal survey, a pre-test survey was conducted to collect general background information
about the study areas. The information that was collected in the pre-test survey helps to

guide the development of the formal survey questionnaire.

The sample size was determined according the formula given by Arsham (2007) for
survey studies: N = 0.25/SE* Where, N = sample size; SE = Standard error of dairy
farms. Accordingly, by assuming standard error of 3.95% as follows, N=0.25/(0.0395)? =
160; a total of 160 dairy farms were selected by random sampling method from all study

sites.

3.1.3. Questionnaire

A comprehensive open-ended and close-ended semi-structured questionnaire was
prepared and used to collect farm information. The information that was gathered during
the actual interview was supported by farm observations including records and
discussions. Information on socioeconomic characteristics of urban and peri-urban dairy
production systems such as household characteristics, occupation, land holding, purpose

of keeping dairy cattle and livestock species and herd size; type of dairy management
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practices, milk vyield, dairy cattle reproductive performances, constraints and
opportunities of dairy production, types of available feed resources, dairy feeding and
watering systems were the main issues addressed in the survey questionnaire.
Additionally, the questionnaire was also designed to obtain information on experience in
dairy production, the source of crossbred cows and ways of differentiating dairy cattle.
Milk yield was the only assessed productive parameter because describing lactation
length, lactation milk yield and lactation length using survey data could lead to a biased
information due to lack of full records. For the milk yield and reproductive performances
evaluation in addition to interviewing dairy farmers, observing some recorded back
history of dairy cattle, sample morning and afternoon milk yield measurements, one focus
group discussion from each Kebele having elders, dairy laborer/s and dairy or livestock
production experts were employed.

3.2. Feeding Experiment

The feeding trial part was conducted at the dairy farm of Addis Ababa University,
College of Veterinary Medicine and Agriculture (CVMA) located in Bishoftu town

which is described under 3.1.1.

3.2.1. Experimental design and feeding

Twelve late pregnant (about 3 weeks prior to calving), dry crossbred dairy cows with
about 75% of Holstein Friesian blood and 25% of local zebu (Boran) and with 514.6 kg
average initial body weight were selected from the dairy herd on the basis of parity (zero
to third parity). The cows were then blocked by parity into four blocks of 3 cows each
and then one cow from each of the four parities were randomly assigned to one of the
three treatments making 4 cows per treatment in a Randomized Complete Block Design
(RCBD). The three treatment combinations used in the experiment are given in Table 1.
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In all groups, feeding started about 21 days before calving and continued up to 90 days in
milk (DIM) post-partum. The cows in Ty (control) fed ad libitum grass hay and agro-
industrial by-products, according to the CVMA dairy farm ration formulation and
supplementing systems. The cows in T, fed with ad libitum grass hay and agro-industrial
by-products rich in energy and protein contents plus ruminant premix. The cows in T3 fed
with ad libitum grass hay and agro-industrial by-products rich in energy and protein
contents plus ruminant premix plus super dairy concentrate (complete dairy feed having
energy, protein, minerals and vitamins) mixed from different ingredients which was not
specified because of commercial use. Generally, cows in T, and T3 fed on formulated
rations mainly for CP and ME according the dairy cattle (cows) requirements and stage of
production. The individual feed ingredients were purchased from local markets, ruminant
premix was purchased from Gasco Trading PLC found in Addis Ababa and super dairy

concentrate was purchased from Alema Koudijs Feed PLC found in Bishoftu town.

The energy and protein requirements for dairy cows with about 75% Holstein blood level
were calculated based on feeding standards for farm animals and nutrition values of
animal feeds (CVB, 2012). Accordingly, for 550 kg body weight dry mature cow 90 MJ
ME/day and 1680 g CP per day with 14% average protein content ration and 107 MJ
ME/day and 2250 g CP per day with 15% average CP content ration for a lactating cow
with 500 kg body weight (10 liter milk production per day). Furthermore, for additional
milk production 5.3 MJ energy per liter was considered. The normal daily intake of
roughage varies between 8 to 10 kg for a cow of 400 kg and 10 to 12 kg for a cow of 500
kg (Hans et al., 2008). In the current feeding trial, 8 to 13 kg hay/day/cow was offered
during late pregnancy and early post-partum periods depending on the daily refusals with
ad libitum feeding. The concentrate supplementation during the late pregnancy was 3
kg/day/cow for cows in T, and Ts. But for cows in Ty (control) the amount of daily
concentrate offered was according the CVMA farm feeding practices which was 6
kg/day/cow and was similar during the late pregnancy and post-partum periods. After
calving the ration for (T, and T3) was changed to milking ration and the concentrate

supplementation was increased graduallyby 0.5 kg per day for two weeks (maximum 10
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kg)to allow rumen bacteria to adjust to changes in the ration and cows pushed too fast will

go off-feed. Then after two months it depended on cow’s milk production (i.e. for 1 liter

additional milk production 0.5 kg concentrate supplementation).

Table 1. Pre-partum and early post-partum ingredients proportion of experimental diets

Treatments

Pre-partum period-feed
ingredients (%)

T1(Control) T, (Concentrate)

T3 (Concentrate mixture)

Hay Ad libitum Ad libitum Ad libitum
NSc (Noug seed cake) 33.0 66.0 49.0
Wheat middling 33.0 33.0 25.0
Wheat bran 33.0 - -
Super dairyconcentrate - - 25.0
(19% CP/kq)
Ruminant premix/minerals - 0.5 0.5
Salt 1.0 0.5 0.5
Total 100.0 100.0 100.0
Treatments
Early post-partum period- T1(Control) T, (Concentrate) Tz (Concentrate mixture)
feed ingredients (%)
Hay Ad libitum Ad libitum Ad libitum
NSc (Noug seed cake) 33.0 33.0 25.0
Wheat middling 33.0 66.0 37.0
Wheat bran 33.0 - -
Super dairy concentrate - - 37.0
(19% CP/kq)
Ruminant premix/minerals - 0.5 0.5
Salt 1.0 0.5 0.5
Total 100.0 100.0 100.0

3.2.2. Feed chemical analysis

Before the start of the actual experiment, representative samples from each feed

ingredient were taken for chemical composition analysis. Furthermore, feed samples from

formulated treatment rations from each treatment group were collected weekly, bulked,

sub-sampled into polythene bags followed by laboratory procedures for chemical
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composition analysis. Feed samples were analyzed for proximate components in the
National Veterinary Institute (NVI) nutrition laboratory. Dry matter (DM) and ash
contents were determined by oven drying at 105°C overnight and by igniting in a muffle
furnace at 600°C for 6 hours, respectively, using the standard procedures of AOAC
(1995). Nitrogen (N) content was determined by Kjeldahl method and crude protein (CP)
was then calculated as N*6.25 (AOAC, 2005). The organic matter (OM) content was
calculated by subtracting the ash content from 100 as %OM = 100% DM — %ash content.
Acid Detergent Fiber (ADF) and Neutral Detergent Fiber (NDF) were analyzed following
the procedures of Van Soest et al. (1991) at the Holetta Agricultural Research Center.
Calcium (Ca) content of the feeds was analyzed using atomic absorption
spectrophotometer following the procedures of Perkins (1982) and phosphorus (P)
content was determined using an auto analyzer according to AOAC (1995). In vitro
organic matter digestibility (IVOMD, g/kg) was determined according to Tilley and Terry
(1963). Metabolizable energy (ME) was then estimated from the IVOMD according to
McDonald et al. (2002) as; ME (MJ/kg of DM) = 0.016 x (g/kg of IVOMD).

3.2.3. Animal management

Cows were individually penned at maternity barn and fed with native grass hay and
experimental diets until the end of the trial. The feed was offered twice perday at 8:00
AM in the morning and 4:00 PM in the afternoon during late pregnancy period. Clean
and fresh drinking water was offered four times daily in the morning (6 AM), afternoon
(1:30 PM), late afternoon (4:30 to 5 PM) and evening (7 PM) to all experimental animals.
During the post-partum phase, concentrate was offered three times a day in the morning
(6 AM), afternoon (4 PM) and evening (7 to 8 PM) in the milking parlour and cows were
hand milked twice a day at early morning (6 to 7 AM) and late afternoon (4 to 5 PM)
starting from the 5™ day post-calving and daily milk yield was recorded accordingly. Any
sign of estrous manifestation was visually observed and recorded three times daily at
early morning, afternoon and late afternoon. Cows in heat were mated with a breeding

bull after 7 to 8 hours of observed estrous.
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3.2.4. Data collection

3.2.4.1. Feed and nutrient intake

The feed refusals were collected in the next morning and weighed after removing
external contaminants. The amount of daily feed consumed wasdetermined as the
difference between the daily feedoffered and refused on dry matter (DM) basis. The daily
protein intake in gram was calculated as the daily DM intake multiplying by the protein
content of the ration. Daily ME intake of hay and concentrate feeds was first determined
by multiplying daily DM intake from each feed by their respective energy values. Then,
total daily energy intake in MJ/kg DM was estimated as the sum energy intake from hay
and concentrate feeds.

3.2.4.2. Milk yield

Milk produced by each cow at each milking was weighed separately and recorded in
individual record book/card and the total daily milk yield of each cow was determined by
summing up the two milkings. Similarly, the average daily milk yield of the individual
lactating cow during the experimental period was determined by dividing the total milk
yield of each experimental cow by the number of milking days.

3.2.4.3. Milk composition analysis

Lactation stage is one of the major factors influencing yield and composition of milk in
dairy cattle (Ibeawuchi and Dangut, 1996). The milk samples were collected in mid-early
lactation of the experiment on day 56 after calving for physicochemical quality analysis.
Composite of 100 ml raw milk samples from the morning and afternoon milking were
made from each cow into sterile bottles, kept in an ice box and transported to Ethiopian

Meat and Dairy Industry Development Institute (EMDIDI) laboratoryfor analysis.
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Physical examination of milk samples: The temperature of the milk samples was
determined immediately after milking at each collection time using a thermometer. The
pH of the milk samples was determined in the laboratory using a digital pH-meter based
on the procedure described by O’Connor (1995). Specific gravity (density) of milk was
calculated according (O’Connor, 1995) as Specific gravity = (L/1000) +1 Where, L =
corrected lactometer reading at a given temperature. Titratable acidity (TA) of the milk
samples was determined according to the method of the AOAC (1990) following the
formula;

TA% = N/10 NaOH (ml) x 0.009x100
Weight of milk sample

Chemical composition of milk samples: Milk total solids (TS) were calculated according
to Richardson (1985) by the formula;

TS = (Cwt + Oven dry sample weight) — Cwtx 100
Sample weight

Where, Cwt = crucible weight

The total protein content of the milk samples was determined by Kjeldahl method
(AOAC, 1990). The Gerber method was used to determine the milk fat content and fat
percentage was read from the butyrometer scale (O’Connor, 1995). Total ash content was
determined according to the procedures of Richardson (1985) by igniting the dried milk
samples used for determination of total solid content in a muffle furnace in which the
temperature was slowly raised to 550°C. The sample was ignited until carbon disappears
and a white ash remains. Total ash was then calculated as;

Ash = Residue weight x 100
Sample weight

Solids-not-fat (SNF%) content of milk samples was determined by subtracting percent
milk fat content from milk total solids (TS) percent (O’Mahony, 1988). The lactose
percentage was determined by subtracting the milk fat, protein and total ash percentages
from the percentage of the milk total solids (O’Mahony, 1988).
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3.2.4.4. Reproductive performance indicators

Body condition score (BCS), calving to first heat interval (CFHI), calving to first service
interval (CFSI), number of services per conception (NSC), calving to conception interval
(CCI) and calving interval (CI) were measured as indicators for reproductive
performances of crossbred dairy cows. Body condition score of cows was measured at the
start of the experiment (21 days pre-partum), 5 to 12 days after calving, 60 days after
calving and at service time. The body condition score of cows was recorded by visual
observation and manual assessment to score the dairy cows on a 1 to 5 scale (where 1 =
emaciated, 5 = fat) following the procedures of (Edmonson et al., 1989). The calving to
first heat interval was determined by calculating the number of days from calving to first
heat sign observed. The calving to first service interval was determined as the number of
days from the time a cow calved until her first service. The number of services per
conception (NSC) was the number of services required for a successful conception. The
calving to conception interval was determined as the interval between calving and the
next successful conception. The average gestation length (GL) in dairy cattle is 280 days
(Silva et al., 1992). The calving interval was then estimated from CCI and the gestation
length (i.e.CCI = C1-280 and Cl = CCI + 280).

3.2.4.5. Evaluation of early post-partum body weight and blood plasma metabolites

The body weight of cows after calving was determined from the heart girth measurement
with a tape. About 10 ml blood was collected from the jugular vein from each post-
partum cowin vacutainer tube containing EDTA at calving (day 0), day 7 after calving
and day 14 after calving in the morning before feeding. The plasma was separated by
centrifugation (10,000 x g for 5 minutes) and kept at -20°C until biochemical analysis.
Plasma concentrations of glucose, albumin, aspartate aminotransferase (AST), total
cholesterol, total protein, urea and triglycerides were assayed by spectrophotometric
method using automatic Cobas 6000 automated sphectrophotomter (Cobas ¢ 501) and

plasma insulin and progesterone concentrations were analyzed using Cobas e 411 (Roche
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Diagnostics GmbH), immunoassay analyser which is a fully automatic run-oriented
analyzer system for the determination of immunological tests using the
ElectroChemiLuminescence immunoassay (ECLIA) process at Ethiopian Public Health
Institute (EPHI) clinical chemistry laboratory. Globulin values were obtained from the
difference between total protein and albumin concentration (i.e. Globulin = Total Protein
— Albumin).

3.2.4.6. Evaluation of post-partum fertility

The effect of late gestation concentrates supplementation on early post-partum fertility
was evaluated. Pregnancy was diagnosed by a combination of monitoring the cow for
return to estrous in approximately 21 days after service, transrectal ultrasonography,
plasma progesterone and rectal palpation. Transrectal ultrasonography was conducted by
experienced veterinarians on the 30" day after service using a portable ultrasound
equipped with a trans-rectal linear-array transducer with 5-7.5-MHz (Mindray, china).
The plasma progesterone test was conducted on day 21 and day 35 after service using
ElectroChemiLuminescence immunoassay (ECLIA) method (Cobas Roche e 411
automated Immunoassay Chemistry Analyzer). Confirmation of pregnancy was
conducted by rectal palpation on day 60™ by trained veterinarian. Pregnancy by
transrectal ultrasonography was determined as positive based on the detection of allantoic
fluid or a viable embryo (heart beat). The ovaries were also examined for the presence of

the corpus luteum (CL).
3.3. Statistical Analysis
The collected survey data were analyzed using Statistical Packages for the Social

Sciences (SPSS, 2011) version 20. Descriptive statistics cross-tabulation such as

percentage, mean andstandard deviation were used to present the results.
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The experimental data were analyzed using General Linear Model (GLM) and Chi-square
test procedures of Statistical Packages for Social Sciences (SPSS, 2011) version 20.
Mean comparison was done using the Least Significant Difference (LSD) for parameters
with significant differences. Preliminary analysis showed that interaction effects of the
fixed factors were not significant and thus not included in the model. Therefore, the
statistical model used inthe data analysis was: Yij = 1t + Ti + Pj + €ijjk

Where;

Yijx = the response variable such as feed intake, milk yield, milk composition, blood
plasma composition and reproductive parameters

M = the overall mean

T; = effect of i"" treatment/diet (T; = 1, 2, 3)

P; = effect of the ™ parity (P; =0, 1, 2, 3 for late gestation period and 1, 2, 3, 4 for post-
partum period)

ejjx = random error
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4. RESULTS

4.1. Survey Part

4.1.1. Socio-economic characteristics of urban and peri-urban dairy production

4.1.1.1. Household characteristics

In urban Sululta 25% of the respondents were not educated at all. In urban areas of
Bishoftu 40% of the questioned household heads responded to holds diploma and above.
Likewise, in urban Bishoftu and Holetta 40% responded to have secondary school
education and 55% to have primary school in peri-urban areas of Assela and Sululta.

Details were indicated in Table 2.

In peri-urban areas of Assela 95% of the household heads were male. In Holetta and
Sululta peri-urban areas there were no female household heads involved in dairy
production. But in peri-urban Bishoftu 40% of the household heads involved in dairy

production were female.

Sixty five percent of the respondents in urban Holetta were in 50-59 years age group,
followed by 45% respondents in peri-urban Assela and Holetta under the age group of
40-49 years. Results indicated that the age group of a majority of the dairy producers in
the study areas was between 40-59 followed by 30-39 and 60-69 years old (Table 2).

Family sizes in peri-urban Assela, urban and peri-urban Bishoftu and urban Sululta were
almost similar. Furthermore, the family size in urban Assela and peri-urban Holetta was
also similar. Urban Holetta and peri-urban Sululta have relatively higher family size than
the other study areas (Table 2).
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Table 2. Educational level (%), gender of the HH head (%), age (%) and family size
(Mean £ SD) of the respondents

Study areas
Variables Assela Bishoftu Holetta Sululta
U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Educational Illiterate 15 15 15 15 0.0 0.0 25 10
level of the  Read and 20 0.0 0.0 5 20 5 10 25
respondents  write

Primary 20 55 5 30 15 45 40 55

school

Secondary 25 20 40 20 40 30 20 10

school

Diploma 20 10 40 30 25 20 5 0.0

and above

Overall 100 100 100 100 100 100 100 100
Gender of Male 75 95 80 60 85 100 90 100
the HH Female 25 5 20 40 15 0.0 10 0.0
head

Overall 100 100 100 100 100 100 100 100
Age ofthe  20-29 0.0 5 0.0 15 5 10 5 20
respondents  30-39 10 30 15 10 0.0 5 40 5
(yrs) 40-49 25 45 15 35 15 45 25 30

50-59 30 5 35 25 65 30 25 20

60-69 25 10 25 10 10 5 5 20

Above 70 10 5 10 5 5 5 0.0 5

Overall 100 100 100 100 100 100 100 100
Family MeantSD 5.1+1.6 6.1+2.2 6.0+2.2 6.0+2.2 7.2+2.2 5.4+1.7 6.0+2.2 6.9+2.9
members

n, number of respondents; U, Urban; PU, Peri-urban; HH, household

4.1.1.2. Occupational status and land holding

Sixty five percent fromurban Sululta and 75% in peri-urban Sululta of the interviewed

dairy farm owners stated that dairy production was their main occupation. Additionally,

in urban Bishoftu (60%), peri-urban Holetta (55%), peri-urban Assela (50%) and peri-
urban Bishoftu (45%) of the interviewed respondents’ occupational status was dairy
production. But in urban Holetta, 40% of the interviewed dairy farm owners were

government employees (Table 3).
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As indicated in Table 3, in peri-urban Assela and Sululta, land holdings in hectares were
higher than the other dairy production areas. Dairy producers in peri-urban Bishoftu have
the smallest land holdings. Generally, in the current study peri-urban areas have relatively
higher land holdings than urban areas.

Table 3. Occupational status (%) and land holdings (Mean +SD) of the respondents’

Study areas
Variables Assela Bishoftu Holetta Sululta
U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20
Primary Dairy 35 50 60 45 20 55 65 75
occupational owner
status Business 25 20 10 25 20 20 30 20
man
Non 5 5 10 20 0.0 0.0 0.0 0.0
government
employee
Retired 10 5 10 0.0 20 5 0.0 0.0
personnel
Governmen 20 15 10 10 40 20 5 0.0
t employee
Daily 5 5 0.0 0.0 0.0 0.0 0.0 5
laborer
Overall 100 100 100 100 100 100 100 100
Landholding Mean+SD  0.64+#1.2 19420 0.03+0.1 0.19+0.4 0.1620.5 0.9#1.6 0.19+0.7 1.7+2.0

(ha)

n, number of respondents; U, Urban; PU, Peri-urban; ha, hectare

4.1.1.3. Livestock species and herd size

The average numbers of livestock owned are presented in Table 4. In peri-urban
Bishoftu, the total number of local cattle per farm was higher followed by peri-urban
Sululta and Assela, respectively. Local cows were mainly kept on peri-urban dairy farms,
while in the other locations and production system mainly crossbred cows were kept. In
peri-urban Holetta the total number of crossbred cattle per farm was higher than other
peri-urban production systems. The urban areas of Bishoftu town were most dense in

crossbred cows. The average number of local oxen in peri-urban Assela (1.85+1.8) and
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Sululta (1.2+1.5) were higher than the other areas. The highest number of replacement
heifers was in urban Bishoftu followed by urban Holetta with the smallest number in
Assela area. The average number of male calves was lower than female calves due to
early culling of male calves. In some of the study areas, small numbers of bulls were used

for natural mating (Table 4).

Table 4. Livestock species and herd size (MeanSD) in the study areas

Study areas

Variables Assela Bishoftu Holetta Sululta
U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

MeanzSD Mean+SD Mean+SD MeanzSD MeantSD MeantSD MeanzSD Mean+SD
Milking 0.0+£0.0 0.1+0.2 0.0+0.0 0.35+1.1 0.0+0.0 0.0+0.0 0.0+0.0 0.15+0.7
cows?
Milking 1.3+0.7 1.35+0.8 5.2+3.7 2.0x1.5 2.7+2.3 4.0+1.8 3.7+2.7 2.95+1.6
cows®
Pregnant 0.45%0.7 0.3+0.7 2.1+2.2 0.75+1.1 1.2+0.9 1.8+1.7 0.65+0.9 0.40+0.7
cows®
Dry 0.15+05 0.25+0.6 0.80+1.2 0.55+0.8 0.50+0.9 0.85+1.1 0.45+0.7 0.35+0.9
cows®
Oxen? 0.00.0 1.85+1.8 0.0£0.0 0.45+1.2 0.0£0.0 0.55+1.2 0.15+0.5 1.241.5
Heifers? 0.00.0 0.1+0.2 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
Heifers? 0.3040.7 0.740.9 2.45+1.4 1.241.2 1.65+1.4 1.25+1.4 1.45+1.5 1.5+1.8
Bulls® 0.0+0.0 0.1+0.3 0.10+0.3 0.0+0.0 0.0+0.0 0.0+0.0 0.240.4 0.35+0.6
Female 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.10+0.5
calves?
Female 0.80+0.6 0.6+0.6 1.55+1.8 0.8+1.0 1.15+1.4 1.50+1.1 1.60+1.6 1.55+1.9
calves®
Male 0.0£0.0 0.1+0.2 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
calves?
Male 0.45+0.6 0.6+0.5 0.35+0.7 0.4+0.9 0.60+0.8 1.10+1.2 0.85+1.1 1.50+1.7
calves®
Sheep 0.85+1.2 1.3+2.5 1.2545.6 1.845.0 2.65+4.5 0.60+1.9 0.70+1.7 6.20+9.1
Goats 0.15+0.7 0.1+0.5 0.0+0.0 0.2+0.9 0.05+0.2 0.20+0.9 0.1+0.2 1.4045.4
Chicken 0.50+1.7 0.8+1.5 100.24447.2 52442231  0.65+1.95  0.75+25 0.95+2.7 14.2443.7
Horses 0.1+0.5 0.240.5 0.0+0.0 0.0+0.0 0.1+0.2 0.1+0.2 0.0+0.0 0.1+0.2
Donkeys ~ 0.05%0.2 0.6+1.3 0.0£0.0 0.5+1.0 0.0+0.0 0.0+0.0 0.1+0.2 1.5+2.2

n, number of respondents; U, Urban; PU, Peri-urban; a, local; b, crossbred
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4.1.1.4. Experience in dairy production and source of crossbred dairy cows

Forty percent and 45% of the respondents from peri-urban Assela and urban Sululta,
respectively, have dairy cattle rearing experiences of 4-7 years. In urban Bishoftu, 40% of
the dairy farm owners have greater than 15 years of experiences in crossbred dairy cattle
production. Ninety five percent and 100% of the respondents in urban and peri-urban
Assela indicated that the source of their crossbred dairy cattle was from local market.
About 60% of the respondents in urban Holetta got crossbred dairy cattle from
agricultural office. Furthermore, in urban and peri-urban Sululta, 95% of the respondents’

source of crossbred dairy cattle was through local market (Table 5).

Table 5. Experience in dairy production (years) and source of crossbred dairy cattle

Variables Responses (%) Study areas

Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Experience in  1-3 15 20 0.0 15 5 25 25 35
crossbred dairy 4-7 35 40 10 15 20 10 45 20
cattle keeping  8-11 20 35 35 35 25 35 10 25
(yrs) 12-15 5 0.0 15 10 20 5 5 20
>15 25 5 40 25 30 25 15 0.0
Overall 100 100 100 100 100 100 100 100
Source of Ranch through 00 0.0 25 45 60 5 0.0 5
crossbred dairy agricultural
COWS office

Gift from family 5 0.0 5 00 00 00 5 0.0
Purchased from 95 100 65 50 25 80 95 95
local markets

Given from 0.0 0.0 5 00 00 0.0 0.0 0.0
relatives and/or

friends
Ranch through 0.0 0.0 0.0 5 15 15 0.0 0.0

agricultural
office and
purchased from
local markets

Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban
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4.1.1.5. Purpose of keeping and ways of identifying dairy cattle

In the present study, in urban Assela, urban and peri-urban Bishoftu, Holetta and Sululta
all (100%) of the interviewed respondents said that the primary purpose of keeping
crossbred dairy cattle was for marketing milk and income generation. However, 80% of
respondents from peri-urban Assela keept dairy cattle to generate income from milk sell
as well as milk for home consumption while the remainig 20% of the respondents used
milk for home consumption only (Table 6).

Results indicated that 50% of the respondents from peri-urban Holetta used ear tag to
identify their dairy cattle in comparison to the other study areas. Eighty percent of
respondents from urban and peri-urban Assela, 65% from urban Sululta and 60% from
peri-urban Bishoftu used animals’ body color to identify among their dairy cattle. In
urban Bishoftu, sixty percent of the farmers named their cows and used local name to

make identifications among their dairy cattle (Table 6).

Table 6. Purpose of keeping and ways of identifyingdairy cattle

Variables Responses (%) Study areas

Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Purpose of Milk to generate 100 80 100 100 100 100 100 100
keeping dairy  income

cattle Milk for home 0.0 20 0.0 0.0 0.0 0.0 0.0 0.0
consumption only
Overall 100 100 100 100 100 100 100 100
Ways of ~ Color 80 80 15 60 35 10 65 40
identifyingdair  ysing ear tag 00 15 25 10 25 50 10 30
y cattle in a ]
herd Using local name 15 0 60 15 30 20 5 25
Color and local 5 5 0.0 5 0.0 5 15 5
name

N
(6]

Color and ear tag 0.0 0.0 0.0 2 10 0.0

Ear tag and local 0.0 0.0 0.0 0.0 0.0 5 0.0 0.0
name

Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban
71



4.1.2. Dairy management practices in urban and peri-urban production systems

4.1.2.1. Housing and record keeping practices

Almost all of the interviewed respondents stated that there was a separate house for dairy
cattle. Respondents in urban Bishoftu (60%), peri-urban Holetta (60%) and peri-urban
Bishoftu (50%) indicated as they have records of their dairy farms. However, the dairy
owners in peri-urban Assela (90%), urban Assela (75%), peri-urban Sululta (70%), urban
Sululta (60%), urban Holetta (60%) and peri-urban Bishoftu (50%) were not practicing
recording system. Milk vyield, service and calving dates were the main parameters
recorded in peri-urban Holetta, urban Sululta, urban Bishoftu, urban Holetta, peri-urban
Bishoftu and peri-urban Sululta, respectively. The Dairy owners in peri-urban Assela
(90%), urban Assela (75%), peri-urban Sululta (70%), urban Sululta (60%), urban
Holetta (60%) and peri-urban Bishoftu (40%) stated that the reason for not practicing
records was lack of awareness (Table 7).
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Table 7. Housing and record keeping practices in the study areas

Study areas

Variables Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Separate Yes 100 85 100 100 100 100 100 100
house for No 0.0 15 00 00 00 00 00 00
dairy cattle?

Overall 100 100 100 100 100 100 100 100
Record Yes 25 10 60 50 40 60 40 30
system? No 75 90 40 50 60 40 60 70

Overall 100 100 100 100 100 100 100 100
Type of data  Milk yield only 00 00 00 00 00 5 0.0 5
recorded Milk yield and 5 00 0.0 5 00 00 00 00

calving dates

Calving and 15 5 5 10 0.0 5 0.0 0.0

service dates

Milk yield, 5 5 35 25 35 40 40 25

service date and

calving date

Calving date, heat 0.0 0.0 10 10 5 0.0 0.0 0.0
sign, and service

dates

Milk yield, 0.0 0.0 10 0.0 0.0 10 0.0 0.0
calving, heat

sign, service and

vaccination dates

No record 75 90 40 50 60 40 60 70

Overall 100 100 100 100 100 100 100 100
Reasons for ~ Record is 15 0.0 60 30 40 50 40 25
notrecording  available

Lack of 75 90 30 40 60 40 60 70

awareness

Incomplete 10 10 0.0 20 0.0 10 0.0 5

record

No reason 0.0 0.0 10 10 0.0 0.0 0.0 0.0

Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.1.2.2. Feeding systems

As indicated in Table 8, in urban Bishoftu (95%), urban Assela (90%), urban Sululta

(65%), peri-urban Assela (55%), peri-urban Holetta (55%) and peri-urban Bishoftu (50%)
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the respondents revealed that stall feeding was the main feeding system. Furthermore,
grazing and stall feeding were the main feeding systems in peri-urban Sululta (80%) and
urban Holetta (50%) areas. Additionally, in peri-urban Bishoftu, 50% of the interviewed
respondents stated that tethering and stall feeding as the primary dairy feeding

management practices.

Table 8. Types of dairy cattle feeding systems in the study areas

Study areas

Variables Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Types of Stall feeding 90 55 95 50 20 55 65 15
dairy cattle  Grazing and 10 40 00 00 50 15 25 80
feeding stall feeding

systems Tethering and 0.0 5 5 50 20 25 10 0.0
stall feeding
Grazing, 00 00 00 00 10 5 0.0 5
tethering and
stall feeding
Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.1.2.3. Estrous detection and breeding systems

In the current study, all of the respondents indicated that they used to detect estrousbefore
insemination of their cows (Table 9). Dairy owners in peri-urban Sululta (95%), urban
Bishoftu (75%), peri-urban Bishoftu (70%) and peri-urban Assela (55%) stated that there
was anoestrus problem in their dairy cattle.

Bull service was stated as the primary breeding system by 100% of the respondents in
peri-urban and 75% in urban Sululta areas. On the other hand, artificial insemination was
the main breeding system in peri-urban Bishoftu, urban Bishoftu, urban Assela, urban
Holetta, peri-urban Holetta and peri-urban Assela, respectively (Table 9).
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Table 9. Estrous detection and breeding systems of crossbred dairy cattle in the study

areas

Study areas

Variables

Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Do you practice Yes 100 100 100 100 100 100 100 100
estrous detection?  No 00 00 00 00 00 00 00 00

Overall 100 100 100 100 100 100 100 100
Season of the year ~ Summer 5 00 00 00 00 10 0.0 10
estrous mostly Winter 0.0 5 5 0.0 35 20 5 10
detected Not seasonal 95 95 95 100 65 70 95 80

Overall 100 100 100 100 100 100 100 100
Is there anoestrus Yes 45 55 75 70 45 35 20 95
problem in cows or No 55 45 25 30 55 65 80 5
heifers?

Overall 100 100 100 100 100 100 100 100
Breeding system/s  Natural bull 5 25 5 0.0 10 15 75 100

service

Al 80 50 90 100 65 60 20 0.0

Both Al and 15 25 5 0.0 25 25 5 0.0

Natural

service

Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban; Al, Artificial Insemination

4.1.2.4. Weaning and culling systems

In Bishoftu and Holetta areas, all (100%) respondents were practicing calf weaning.

Overall, in the present study, calf weaning was experienced in the study areas. Culling

was also practiced by the majority of the respondents from all the study areas (Table 10).
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Table 10. Practices of weaning and culling of dairy cattlein the study areas

Study areas

Variables Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Do you Yes 80 75 100 100 100 100 80 75
practice calf  No 20 25 00 00 00 00 20 25
weaning?

Overall 100 100 100 100 100 100 100 100
Do you Yes 70 60 100 85 100 95 80 75
practice No 30 40 0.0 15 0.0 5 20 25
culling?

Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.1.3. Milk yield of crossbred dairy cows

The average daily milk yields of crossbred dairy cows in urban Bishoftu (11.7 liters),
peri-urban Bishoftu (11.2 liters), urban Sululta (10.8 liters), respectively, were higher
than the other areas. The relatively lower average daily milk yield was reported in peri-
urban Assela (7.8 liters) and Sululta (8.5 liters) areas (Table 11).

4.1.4. Reproductive performances of crossbred dairy cattle

The survey results on estimated reproductive performances mainly age at first service,
age at first calving, number of services per conception, calving interval and calving to

conception interval of crossbred dairy cattle are summarized in Table 11.

4.1.4.1. Age at first service (AFS)

The shorter average age at first service were 18.8+2.2 and 19.1+5.3 months which were
from urban and peri-urban Bishoftu while the longest was from peri-urban Assela
(29.3+10.9 months). The details of average age at first service for individual study areas

were indicated in Table 11 below.
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4.1.4.2. Age at first calving (AFC)

In this study, the shortest average age at first calving were 27.8+2.2 and 28.1+5.3 months
which were from urban and peri-urban Bishoftu, respectively. The longest average age at

first calving was 38.3+£10.9 months and was from peri-urban Assela (details in Table 11).

4.1.4.3. Number of services per conception (NSC)

In this study, the longest average numbers of services per conception were 1.85+0.61 and
1.65+0.5 which were from peri-urban and urban Bishoftu. The shortest average number
of services per conception was 1.3+0.3 and that was from peri-urban Assela and urban
Sululta (details in Table 11).

4.1.4.4. Calving to conception interval (CCI) and calving interval (CI)

The average calving to conception interval was shorter in urban Holetta (101.5+£26.4
days), urban Bishoftu (107.6+27.3 days) and peri-urban Holetta (108.6+25.5 days) than
other areas. The longest average calving to conception interval was 168.0+78.1 days
which were from peri-urban Assela. The shorter average calving intervals were in urban
Holetta (12.7£1.1 months), urban Bishoftu (12.9+0.8 months) and urban Sululta
(13.3£1.1 months), respectively. The longest average calving intervals were in peri-urban
Sululta (13.9+2.0) and peri-urban Assela (14.9+3.1 months) (details in Table 11).
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Table 11. Average daily milk yieldand reproductive performances (MeanzSD) of

crossbred dairy cattle

Study areas

Variables Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

ADMY, 9.3+44  7.8+4.3 117428 11.241.8 10.4+2.6 10.5+2.2 10.8+3.7 8.5+2.3
liters/day

n=19 n=10 n=20 n=20 n=20 n=20 n=20 n=17
AFS, 21.6+49 29.3+10.9 18.8+2.2 19.145.3 21.9+6.1 21.8454 254+7.1 25.9+7.2
months
AFC, 30.6+4.9 38.3+10.9 27.8+2.2 28.1+#53 30.5¢6.2 30.5#54 34.4+7.1 34.9+7.2
months

n=19 n=20 n=20 n=20 n=20 n=20 n=20 n=20
NSC 1.4+0.6 1.3x0.4 1.65+0.5 1.85+0.61 1.5+0.6 1.6+£0.61 1.3+0.3 1.6+0.5

n=18 n=18 n=20 n=20 n=20 n=20 n=20 n=18
CCl, days 127.5+36.7 168.0+78.1  107.6+27.3 128.3+424 10154264 108.6+255 123.2+39.3 136.6+64.2
Cl, 13.7¢1.3 14.9+3.1 12.9+0.8 13.6+44 12.7¢1.1 13.0+1.0 13.3x1.1 13.9+2.0
months

n, number of respondents; U, Urban; PU, Peri-urban; ADMY, Average daily milk yield; AFS, age at first
service; AFC, age at first calving; NSC, number of services per conception; CCI, calving to conception
interval; Cl, calving interval

4.1.5. Dairy cattle reproductive health problems and source of veterinary services

The respondents in urban Bishoftu (95%), peri-urban Holetta (90%), peri-urban Bishoftu
(70%) and urban Holetta (70%) stated the occurrence of reproductive health problems in
their dairy farms. The dairy farmers in urban Holetta (85%) and peri-urban Sululta (65%)
mentioned that government veterinary clinics were the main source of veterinary drugs
and services. However, dairy farmers in urban and peri-urban Bishoftu, peri-urban
Assela, urban Sululta and Assela got veterinary drugs and services from private clinics
(Table 12).
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Table 12. Dairy cattle reproductive health problems and veterinary services provider/s

Study areas
Variables Responses Assela Bishoftu Holetta Sululta
(%)
U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20
Occurrence of  Yes 45 45 95 70 70 90 40 50
reproductive No 55 55 5 30 30 10 60 50
problems
Overall 100 100 100 100 100 100 100 100
Source of Government 35 10 0.0 0.0 85 45 35 65
veterinary Private 50 90 100 95 5 35 60 15
services Both 15 0.0 0.0 5 10 20 5 20
government
and private
Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.1.6. Milk and products marketing

All the respondents (100%) from urban and peri-urban Bishoftu, Holetta and Sululta were
selling milk and milk products. However, of the owners interviewed from Assela, 95%
from urban and 75% peri-urban did practice selling of milk and milk products. Details of
market availability for milk and milk products were indicated in Table 13. Of the
interviewed dairy farmers, 85%, 80%, 70%, 70%, 60% and 50% from peri-urban
Bishoftu, Holetta, Sululta, urban Bishoftu, Holetta andAssela, respectively, complained
that milk price was relatively low compared to feed cost especially during the longer

fasting periods of Ethiopian Orthodox Church.

79



Table 13. Milk marketing practices and marketing problems in the study areas

Study areas

Variables  Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Milk and Yes 95 75 100 100 100 100 100 100
products No 5 25 00 00 00 00 00 00
selling?

Overall 100 100 100 100 100 100 100 100
Marketing  Markets available 50 80 20 10 40 20 55 15
prblems Low milk price 50 10 70 85 60 80 40 70

relative to feed cost

Low milk price 00 00 10 00 00 10 5 15

during fasting
No milk marketing 00 10 00 00 00 00 0.0 00

channel
Delayed payments 00 00 0.0 5 00 00 00 0.0
Overall 100 100 100 100 100 100 100 100

n, number of respondents U, Urban; PU, Peri-urban

4.1.7. Constraints and opportunitiesof dairy production

4.1.7.1. Constraints of dairy production

High feed cost, land shortage and space limitations, feed quality and availability as well
as inadequate extension and veterinary services were the major dairy production system
constraints in both urban and peri-urban areas of the study areas. High feed cost was the
primary constraint in urban dairy production system of Holetta, Bishoftu, Sululta, Assela
and peri-urban Sululta, Bishoftu, Holetta and Assela, respectively. The high feed cost was
more serious in uban Holetta (55%), peri-urban Sululta (55%) and urban Bishoftu (50%).
Thirty five percent of the repondents from peri-urban Bishoftu and peri-urban Holetta
said that land scarcity and space limitation were also their main dairy production
problems. Twenty percent of the dairy farmers from peri-urban Assela also complained

water unavailablity for their dairy cattle (Table 14).
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Table 14. Common constraints of urban and peri-urban dairy production systems

Study areas

Variables (%) Assela Bishoftu Holetta Sululta
Constraints U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

High feed costs 40 35 50 45 55 40 45 55
Land scarcity and space 15 10 20 35 10 35 15 20
limitation

Feed quality and availability 25 15 15 10 25 10 30 10
problems

Inadequate extension services 10 10 5 10 5 10 5 10

Inadequate 5 5 5 0.0 5 0.0 5 0.0
veterinary service

Water scarcitv 0.0 20 00 00 00 00 00 00
Disease problems 0.0 5 00 00 00 5 0.0 5

Waste removal problems 5 0.0 5 00 00 00 00 00
Overall 100 100 100 100 100 100 100 100

n, number of respondents U, Urban; PU, Peri-urban

4.1.7.2. Opportunitiesfor dairy production

Twenty percent of the respondents from urban Assela, 25% from urban Holetta, 25%
from urban Sululta, and 50% from peri-urban Sululta indicated there was high demand
for milk consumption which was a good opportunity to dairy production. Farmers in
urban Holetta (40%), urban Bishoftu (45%) and peri-urban Holetta (55%) indicated the
existence of research institution in their locality was a good opportunity to dairy

development (details in Figure 2).
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Figure 2. Graphical representation of opportunities for dairy production in urban and

peri-urban production systems in the study areas

4.1.8. Available feed resources in urban and peri-urban dairy production systems

4.1.8.1. Land use and ownership

In urban Bishoftu (95%), urban Sululta (90%), urban Holetta (85%), peri-urban Bishoftu
(75%), urban Assela (55%) and peri-urban Holetta (55%) respondents stated that as they

totally do not have separate land for dairy production. But in peri-urban Assela (55%),

urban Assela (40%) and peri-urban Bishoftu (25%) the available land was used for crop

production. Furthermore, twenty five percent of the respondents in peri-urban Assela and

45% in peri-urban Sululta used the available land for crop and forage production and crop

production and grazing. The dairy farmers from peri-urban Assela (80%), peri-urban
Sululta (55%), urban Assela (45%) and peri-urban Holetta (35%) indicated that they have
own land (Table 15).

82




Table 15. Land use and ownership in the study areas

Study areas

Variables Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Land use No land 55 15 9%5 75 85 55 90 40
Crop production 40 55 00 25 15 15 00 15
Forage production 00 00 5 00 00 00 00 00
Crop and forage 0.0 25 00 00 0.0 15 00 00
production
Crop production and 5 5 00 00 00 5 10 45
grazing
Crop and forage 00 00 00 00 00 10 0.0 00
production, grazing
Overall 100 100 100 100 100 100 100 100
Land No access to land 55 15 95 75 85 55 90 40
ownership Own 45 80 5 10 15 35 10 55
Lease 0.0 5 0.0 15 0.0 10 0.0 5
Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.1.8.2. Common feed resources

According to the response obtained from the respondents in urban Bishoftu (65%), peri-
urban Bishoftu (45%), urban Assela (40%), peri-urban Assela (35%) as well as urban and
peri-urban Sululta (55%) crop residues and concentrates and hay, crop residues and
concentrates, respectively, were the commonly available dairy feed resources. Fifty
percent of the respondents in urban Assela used backyard forage, crop residues and
concentrates as the main dairy feed resources. Forty percent of the repondents from urban
Holetta reported that communal pasture, hay, crop residues and concentrates as frequent
dairy feed resources. On the other hand, private pasture, hay, crop residues and
concentrates were common dairy feed resources by 30% of the respondents from peri-
urban Sululta (Table 16).
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Table 16. Main feed resources used for dairy cattle in urban and peri-urban areas

Study areas
Variables  Responses (%) Assela Bishoftu Holetta Sululta
U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Common  Crop residues and 40 35 65 45 0.0 0.0 0.0 0.0
feed concentrates

feSOUICeS  Hay, crop residuesand 10 10 00 00 25 25 55 55
concentrates

Backyard forage (e.g. 50 5 20 25 00 00 10 0.0

enset), crop residues
and concentrates

Hay during winter,
crop residues and
concentrates
Improved forage
during spring and
summer, crop residues
and concentrates
Concentrates, crop
residues and wet grass
in the summer time
Communal pasture,
hay, crop residues and
concentrates

Private pasture, hay
and concentrates

Hay and concentrates
Private pasture, hay,
crop residues and
concentrates
Communal pasture,
private pasture, crop
residues and
concentrates

Private pasture, hay,
improved forage, crop
residues and
concentrates

0.0 15 5 5 0.0 0.0 0.0 0.0

0.0 0.0 5 0.0 0.0 5 0.0 0.0

0.0 0.0 0.0 0.0 10 15 20 0.0
0.0 15 0.0 0.0 10 20 15 30

Overall

100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban; Concentrates or agro-industrial by-products
(mainly by-products of different agro-industries including flourmills, oil mills and industrial

brewery residues)
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4.1.8.3. Types of available crop residues

As summarized in Table 17, respondents from urban Assela (50%), urban Holetta (45%),
and peri-urban Sululta (40%) stated that wheat and barley straws were the main crop
residues used as a basal diet for dairy cattle. Additionally, dairy farmers from urban
Bishoftu (50%) and peri-urban Bishoftu (40%), urban Assela (40%) and peri-urban
Holetta (35%) were mainly used wheat straw as a basal diet for their dairy cattle. Wheat,
barley and teff straws were the common crop residues used for feeding dairy cattle in
peri-urban Assela as reported by 60% of the farmers. Wheat and teff straws were also
used by 45% respondents from peri-urban Bishoftu. Fifty five percent of the respondents
in urban Sululta stated that teff straw as the major crop residue used in dairy cattle
feeding practices.

Table 17. Types of crop residues used by the dairy owners in each study area

Study areas

Variables Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Types of crop  Wheat and barley 50 15 25 10 45 15 5 40
residues straws

Wheat straw 40 25 50 40 15 35 5 5
Barley straw 0.0 0.0 0.0 0.0 5 10 0.0 10
Wheat, barley and 0.0 60 10 5 0.0 20 15 20
teff straws

Wheat and teff 00 00 15 45 5 5 0.0 5
straws

Wheat straw, barley 10 0.0 0.0 0.0 5 0.0 0.0 5
straw and bean

haulms

Teff straw 0.0 0.0 0.0 0.0 0.0 0.0 55 5
No use of crop 00 00 00 00 25 15 20 10
residues

Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban
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4.1.8.4. Frequency of providing feed supplements

The respondents in urban Sululta (95%), peri-urban Holetta (90%), urban Bishoftu
(70%), urban Holetta (70%), peri-urban Bishoftu (65%) and peri-urban Sululta (55%)
practiced feeding of feed supplements twice a day for their dairy cattle. While, farmers
from urban Assela (85%), peri-urban Assela (60%), peri-urban Sululta (45%) and peri-
urban Bishoftu (35%), experienced feeding of feed supplements three times per day for
their dairy cattle (Table 18).

Table 18. Frequency of feeding feed supplements for dairy cattle in the study areas

Study areas

Variable Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=2 n=20 n=20 n=20 n=20

Supplements Once per day 0.0 5 00 00 00 00 00 00

feeding Twice per day 10 25 70 65 70 90 95 55
frequency  Three  times 85 60 30 3 30 10 5 45
per day
Four times per 5 5 00 00 0.0 0.0 0.0 0.0
day
No 0.0 5 00 00 0.0 0.0 0.0 0.0
supplements
Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.1.8.5. Frequency of water provision

Fifty five percent of the dairy farmers from urban Bishoftu provided water freely for their
dairy cattle. In peri-urban Assela (90%), urban Assela (45%) and urban Sululta (40%)
respondents provided water once per day. Furthermore, sixty five percent (65%) of the
respondents from peri-urban Holetta, 65% from peri-urban Sululta, 45% from urban
Sululta and 35% from peri-urban Bishoftu stated that the frequency of water provision for

dairy cattle was twice per day (Table 19).
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Table 19. Frequency of water provision for dairy cattlein the study areas

Study areas

Variable Responses (%) Assela Bishoftu Holetta Sululta

U PU U PU U PU U PU
n=20 n=20 n=20 n=20 n=20 n=20 n=20 n=20

Frequency Roam freely 5 0.0 55 30 10 10 0.0 5
of water Once per day 45 90 15 5 25 10 40 15
provision Twice per day 15 10 20 35 30 65 45 65
Three times 35 0.0 10 30 30 15 15 15
per day
Fourtimesper 00 00 00 0.0 5 00 00 0.0
day
Overall 100 100 100 100 100 100 100 100

n, number of respondents; U, Urban; PU, Peri-urban

4.2. Feeding Experiment

4.2.1. Chemical composition of the experimental feeds

The details of chemical composition of feed ingredients and the experimental rations are
given in Table 20 and 21, respectively. The grass hay had slightly lower level of crude
protein (CP) content. The NDF content of hay in this study was more than 65%. On the
other hand, the acid detergent fiber (ADF) content of hay in the present study was slightly
below 40%. The percentage of CP used in the control diet was similar in both the feeding

phases.
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Table 20. Chemical composition of feed ingredients

Chemical Hay Wheat Super concentrate  Noug seed cake
composition middling (19% CP) (NSC)
DM (%) 90.7 90.0 91.6 93.10
Ash (%DM) 9.2 4.5 8.7 10.10
EE (%DM) 0.7 35 3.3 7.40
CP (%DM) 6.8 17.8 21.1 30.90
Ca (% DM) 1.8 1.9 2.4 1.10
P (%DM) 0.15 1.1 0.38 0.46
OM (%DM) 90.8 95.5 91.3 89.90
ADF (%DM) 39.5 10.0 10.3 31.70
NDF (%DM) 73.1 42.2 48.5 54.55
IVOMD (%) 48.7 70.4 75.0 70.11
IVOMD(g/kg DM) 486.8 704.0 750.0 701.10
ME (MJ/kg DM) 7.8 11.3 12.0 11.20

DM, Dry matter; EE, Ether Extract; CP, Crude protein; Ca, calcium; P, Phosphorus; OM, Organic
Matter; ADF, Acid Detergent Fiber; NDF, Neutral Detergent Fiber; [VOMD, In vitro Organic
Matter Digestibility; ME, Metabolizable Energy; MJ, Mega joule

Table 21. Chemical composition of experimental rations according to cows’ physiology

DM Ash CcP ADF NDF Ca 3 oM IVOMD ME
(%) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM) (g/kg (MJ/kg
DM) DM)

Treatments

Pregnant diet
T, 910 6.1 265 103 505 1.1 0.4 93.9 695.0 11.1

T, 931 99 230 201 434 1.7 1.9 90.1 650.0 104
Ts 921 103 222 187 442 1.8 2.4 89.7 670.0 10.7
Milking diet

T, 910 6.1 265 103 505 1.1 0.4 93.9 695.0 11.1
T, 91.8 9.5 22.1 19.1 39.7 15 1.7 90.5 720.0 11.5
T; 922 100 223 170 33.1 1.7 2.1 90.0 740.0 11.8

DM, Dry matter; CP, Crude protein; Ca, calcium; P, Phosphorus; OM, Organic Matter; ADF, AcidDetergent
Fiber; NDF, Neutral Detergent Fiber; IVOMD, In vitro Organic Matter Digestibility; ME, Metabolizable
Energy; MJ, Mega joule; T,, treatment one (control, farm concentrate); T,, Treatment two; Ts, Treatment
three
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4.2.2. Dry matter and nutrient intake of experimental cows

Daily dry matter and nutrient intakes during late pregnancy: The overall mean feed and
nutrient intakes of dairy cows during late pregnancy and early post-partum periods are
presented in Table 22. The average daily total dry matter intake during the late pregnancy
period was statistically not significant (P>0.05) among treatments. But the average daily
DMI was statistically significant (P<0.0001), (P<0.01) among parities with higher intake
by heifers than first, second and third parity cows. Though cows in the first, second and
third parties were statistically not significant (P>0.05) in their average daily hay,
concentrate and total DM intakes. The average total ME intake of cows in first and
second parities was statistically lower (P<0.05) than the intake of heifers. However, the
average CP intake of cows with different parities was statistically not significant
(P>0.05).

Daily dry matter and nutrient intakes during early post-calving: During the early post-
calving period, the average total daily concentrate intake of cows in T; was statistically
lower (P<0.0001) than the intake of cows in T, and T3. The average daily concentrate
intake of cows in T, was also statistically higher (P<0.0001) than the intake of cows in
Ts. The average total daily DM and ME intakes of cows in Tpwere statistically higher
(P<0.0001) than the intakes of cows in T; and Ts. The average total daily ME intake of
cows in T was also statistically lower (P<0.001) than that of the cows in T3. The average
total daily CP intake was statistically varied (P<0.0001) among treatments in which the
average CP intake of cows in T; was statistically higher (P<0.0001) than the intake of
cows in T, and T3. The average total daily CP intake of cows in T, was also statistically
higher (P<0.001) than the intake of cows in T3 (Table 22).

The average daily concentrate intake of cows was statistically significant (P<0.0001) with
fourth parity cows having a higher intake than others. Furthermore, third parity cows
were with statistically lower (P<0.0001) average daily concentrate intake than other

parity groups. The average daily total DM intake was statistically higher (P<0.0001) for
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fourth and third parities than other parity groups. The average total daily ME intake of
cows in fourth parity was statistically higher (P<0.001) than others. The average total
daily ME intake of first parity cows was statistically lower (P<0.05) than the average ME
intake of third and fourth parity cows but similar to the intake of second parity cows. The
average total daily CP intakes of third and fourth parity cows were statistically higher
(P<0.0001) than the CP intake of the other parity groups (Table 22).

Table 22. Average daily dry matter and nutrient intakes per cow during pre and early
post-partum periods of crossbred dairy cows

Feed and nutrient intakes during pregnancy period

Parameters Hay Concentrate Total DMI Total ME Total CP
(kg/day) (kg/day) (kg/day) (MJ/day) (g/day)
Treatments
T 6.7° 3.5 10.2 91.0° 2699.2°
T, 7.5° 2.8° 10.3 88.0° 1456.0°
Ts 7.2° 2.8° 10.0 86.2" 1430.8°
SEM 0.1 0.03 0.1 0.8 18.6
P-value <0.0001 <0.0001 0.064 <0.0001 <0.0001
Parity
Po 7.6° 2.9 10.52 90.6° 1896.0
P: 6.9° 3.1 10.0° 87.3" 1851.2
P, 7.0° 3.0° 10.0° 87.2" 1838.5
Ps 7.1° 3.0° 10.1° 88.1%° 1862.2
SEM +0.1 +0.04 +0.1 +1.0 +21.5
P-value <0.0001 0.01 0.008 0.043 0.261
Treatments Feed and nutrient intakes during milking period
T, 7.9% 5.3° 13.2° 121.0° 3499.3°
T, 6.9° 7.6° 14.5° 141.1% 2229.6°
Ts 6.2° 6.8" 13.1° 129.3° 2039.3°
SEM +0.7 +0.7 +0.1 +1.0 +18.0
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Parity
P; 6.8 6.4° 13.2° 126.4° 2534.3°
P, 6.7° 6.6 13.4° 128.8™ 2556.0°
Ps 7.8 6.0 13.8% 130.2° 2620.1°
P, 6.7° 7.3 14.0° 136.0° 2647.3%
SEM +0.08 +0.08 +0.1 +1.2 +20.8
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

abcd Neans followed by different superscript letters within a column are different at P<0.0001, P<0.01, P<0.05; SEM,
Standard Error of the Mean; T;,Treatment one (control, farm concentrate); T,,Treatment two; Ts, Treatment three;
DMI, Dry matter intake; g, gram; kg, kilogram; ME, Metabolizable Energy; MJ, Mega joule; CP, Crude protein; Py,
Heifer; P4, first parity; P,, second parity; P, third parity; P,, fourth parity
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4.2.3. Milk yield and composition

The average daily milk yield showed statistically significant differences (P<0.0001)
between treatment groups with a higher average daily yield recorded from cows in T,
followed by daily yield of cows in T3 than T, for the three months milking period. The
average daily milk yield of cows in fourth parity was statistically higher (P<0.0001) than
the yield of the other parity groups. The average daily milk yield of first parity cows was
also statistically higher (P<0.001) than the average yield of second parity cows, but
statistically not significant (P>0.05) from the yield of third parity cows. The milk
composition analysis results indicated that there were statistically not significant

differences (P>0.05) among treatment and parity groups (Table 23).

4.2.4. Reproductive parameters

As indicated in Table 24, body condition score (BCS) at the start of the experiment was
statistically not significant (P>0.05) among treatment groups. However, BCS of cows at 5
to 12 days and at day 60 after calving were statistically significant (P<0.05) with BCS of
cows in T; lower than the BCS of cows in T, and T3. The calving to first heat interval
(CFHI) of cows in T, and T3 were statistically better (P<0.05) than the CFHI of cows in
T1. The calving to first service interval (CFSI) of cows in T, and T3 were also statistically
better (P<0.05) than the CFSI of cows in T;1. The CCI and estimated CI were statistically
significant (P<0.05), in which cows in T, and T3 had shorter intervals than the cows in
T1. But the number of services per conception (NSC) was statistically not significant
(P>0.05) among treatments.

The BCS at 5 to 12 days after calving for second parity cows was statistically higher
(P<0.05) than the BCS of first and fourth parity cows but the variation in BCS of third
parity cows was statistically not significant (P>0.05) with the other parity groups. At day
60 after calving, BCS of fourth parity cows was statistically lower (P<0.05) than the BCS

of second and third parity cows, but the difference was statistically not significant
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(P>0.05) with first parity cows. The CCI and CI of first parity cows were statistically
longer (P<0.05) than the other parity groups. However, the variations in the CCI and CI
were statistically not significant (P>0.05) in second, third and fourth parity cows (Table
24).
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Table 23. Average daily milk yields (I/day/cow) and milk composition (%) of crossbred dairy cows fed on different diets

Measurements ADMY  Acidity% Fat% Protein% SNF% Density pH TS% Lactose% Ash% Temp.(°C)

(G/ML)

Treatments

T 11.0° 0.19 4.2 3.2 1.7 1.028 6.7 11.6 3.7 0.70 35.8
T, 15.8° 0.21 4.5 3.4 7.9 1.028 6.6 12.4 3.9 0.72 36.1
T3 14.2° 0.20 4.3 3.5 7.8 1.028 6.7 12.0 3.8 0.71 35.8
SEM +0.1 +0.01 +0.4 +0.1 +0.02 +0.01 +0.01 04 +0.2 +0.01 +0.3
P-value <0.0001 0.15 0.84 0.28 0.80 0.84 0.11 051 0.77 0.38 0.62
Parity

P 13.2° 0.20 4.5 3.2 7.5 1.027 6.6 11.7 3.6 0.71 35.8
P, 12.5° 0.20 4.7 3.6 8.4 1.030 6.6 12.8 4.1 0.71 35.7
P3 12.8" 0.20 3.9 3.3 7.9 1.029 6.7 11.8 3.9 0.71 36.2
P4 15.8° 0.19 4.2 3.4 7.3 1.026 6.7 11.8 3.5 0.70 36.0
SEM 0.1 +0.01 0.4 0.1 0.3 +0.01 +0.01 05 0.2 +0.01 +0.3
P-value <0.0001 0.86 0.66 0.15 0.11 0.18 0.15 0.48 0.20 0.79 0.70

b Means followed by different superscript letters within a column are different at P<0.0001; SEM, Standard Error of the Mean; I,
liter; ADMY, Average daily milk yield; SNF, Solid not fat; TS, Total solids; T; Treatment one (control, farm concentrate); T,
Treatment two; T3, Treatment three; Py, first parity; P,, second parity; Ps, third parity; P4, fourth parity
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Table 24. Reproductive parameters of crossbred dairy cows fed on different diets

Measurements BCS atstart BCSat5 BCSat CFHI, CFSI, CCI, NSC Cl,

of the to 12 days day 60 days days Days months
experiment after after
calving calving

Treatments
T. 2.9 2.8° 25°  68.3* 78.0° 804* 14 121°
T, 3.3 3.3 3.2  28.0° 56.0° 615° 13 11.4°
Ts 3.3 3.3 3.1* 241 555° 64.0° 1.3 11.5°
SEM +0.13 +0.11  +0.13 +6.3 456 +2.6 +0.01 0.2
P-value 0.087 0.016  0.015 0.023 0.038 0.049 0.286 0.037
Parity
P; 2.92 292° 275® 337 643 87.2° 20 12.3°
P, 3.50 3.50° 3.25* 400 553 553 10 11.2°
Ps 3.25 3.17% 317" 311 646 649° 10 115°
Ps 3.00 2.92° 242° 376 667 67.1° 10 11.5°
SEM +0.2 +0.13  +0.15 +15.3 +4.3 3.6 +0.2 +0.07
P-value 0.112 0.047  0.026 0.894 0.222 0.027 0.633 0.017

2> Means followed by different superscript letters within a column are different at P<0.05; SEM,
Standard Error of the Mean; BCS, Body Condition Score; CFHI, Calving to First Heat Intervals; CFSI,
Calving to First Service Interval; CCI, Calving to Conception Interval; NSC, Number of Services per
Conception; ClI, Calving Interval; T,, Treatment one (control, farm concentrate); T,, Treatment two; Ts,
Treatment three; P4, first parity; P,, second parity; Ps, third parity; P4, fourth parity

4.2.5. Effect of different rations on early post-partum blood plasma metabolites

Early post-partum plasma glucose, cholesterol and triglycerides concentration: The
variation in average plasma glucose concentration was statistically not significant
(P>0.05) among different treatment groups and parities (Table 25). The average plasma
cholesterol at calving (day 0) was 116.0 mg/dl for cows in Ty, 87.0 mg/dl for those in T,
and 83.6 mg/dl for those in T3. The differences were statistically significant (P<0.05).
The amount of average plasma triglycerides at day 7 after calving was statistically higher
(P<0.05) for cows in T, than T, and T3 (Table 25).

Early post-partum plasma total protein, albumin, globulin and urea concentration: The
average plasma total protein at day 14 after calving was statistically higher (P<0.01) for
cows in Ty than T, and T3. Similarly, the average plasma urea nitrogen values at calving,

day 7 and day 14 after calving were statistically higher (P<0.01) for cows in Ty than T,
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and Ts. The variationsin average plasma total protein, albumin, globulin and urea

concentrations were statistically not significant (P>0.05) among parities (Table 26).

Table 25. Average early post-partum plasma glucose, cholesterol and triglycerides
concentration of crossbred dairy cows

Factors Glucose (mg/dl) Cholesterol (mg/dl) Triglycerides (mg/dl)

Wko Wk; Wk Wko WKkj Wk, Wko  Wk; Wk

Treatments

T1 55.4 59.4 400 116.0° 1150 1200 306 31.2* 27.8
T 57.6 53.2 54.0 87.0° 106.5 1157 23.0 248" 259
T3 59.0 59.9 56.8 83.6" 1041 111.0 253 215" 255

SEM 2.7 £30 7.7 7.2 6.7 6.5 32 1.7 27
p-value 0.65 0.287 0.321 0.037 0.53 047 0.30 0.019 0.819

Parity

P1 529 535 50.2 92.0 110.1 1184 25.0 23.4 25.3
P, 649 645 42.0 107.3 116.6 1224 254 26.1 27.6
P3 545 564 56.6 97.4 105.3 1084  26.9 26.3 28.2
P4 570 55,6 523 85.3 1019 1144 279 27.5 24.5
SEM +3.1 +34 8.8 8.3 7.7 +7.5 +3.7 +2.0 +3.1
P- 0.12 022 0.712 0.37 0.59 0.622 094 0.54 0.81
value

&b Means followed by different superscript letters within a column are different at P<0.05; Ty,
Treatment one (control, farm concentrate); T,, Treatment two; T3, Treatment three; P,, first parity;
P,, second parity; P, third parity; P4, fourth parity; Wk, at calving (day 0); Wk, 7 days after
calving; Wk, 14 days after calving; SEM, standard error of the mean.
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Table 26. Average early post-partum plasma total protein, albumin, globulin and urea

concentration of crossbred dairy cows

Factors TP (g/dl) Albumin (g/dl) Globulin (g/dl) Urea (mg/dl)

Wko Wk, Wk, Wk Wk Wk, Wk, Wk Wk, Wk Wk, Wk,

Treatments
T, 8.0 83 98 31 30 29 49 5.3 53  422° 36.6° 53.3°
T, 7.8 81 85 32 32 31 43 4.9 54 233" 204" 292°
Ts 8.1 78 84" 32 31 29 4.9 4.7 50 247" 267" 31.3°
SEM +05 +05 +0.2 +0.08 +0.1 0.2 +05 +05 05 +37 +16 +28

vaF:[Je 078 077 001 078 055 087 071 067 080 0.01 0.01 0.002

Parity

P1 7.0 7.0 8.3 3.3 3.1 2.8 3.7 3.9 4.2 32.0 33.9 38.8
P 7.8 8.2 9.1 3.3 3.4 3.2 4.5 4.8 5.3 31.0 31.4 43.1
Ps 8.8 8.5 9.2 3.1 3.0 3.1 5.7 5.5 5.4 25.2 28.0 33.3
P4 7.9 8.6 9.0 2.9 2.8 2.9 5.0 5.7 6.1 32.0 30.2 36.6
SEM +06 05 02 0.1 +0.2 +03 +06 05 +06 *4.3 +1.9 +3.2

v;;Je 033 025 013 0.06 014 072 021 020 026 0.65 0.26 0.28

2D Means followed by different superscript letters within a column are different at P<0.01; T, Treatment one (control,
farm concentrate); T,, Treatment two; Tj, Treatment three; P,, first parity; P,, second parity; Ps, third parity; P4, fourth
parity; TP, total protein; Wko, at calving (day 0); WKk, 7 days after calving; Wk,, 14 days after calving; SEM, standard
error of the mean

Early post-partum plasma aspartate aminotransferase (AST), insulin and progesterone
concentration: The variation in average plasma AST, insulin and progesterone
concentrations were statistically not significant (P>0.05) among the treatment groups.
The average plasma progesterone concentration at day 14 after calving was statistically
higher (P<0.05) in third parity cows than first, second and fourth parity cows, but it was
less than 1 ng/ml (Table 27).
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Table 27. Average early post-partum plasma AST, insulin and progesterone levels of

crossbred dairy cows

Factors AST (IU/L) Insulin (MU/mL) Progesterone (ng/mL)

Wko Wki Wk, Wk Wk Wk, Wk WKki WKk,

Treatments

T: 646 657 693 15 19 22 040 040 0.30
T, 679 760 692 16 18 19 021 0.33 0.51
Ts 620 618 650 16 19 21 020 030 0.31
SEM +23 +48 +6.69 +0.1 +0.92 +03 +0.06 0.1 +0.1
P-value 025 018 087 085 038 070 0.12 093 0.17
Parity

P, 600 616 581 15 16 21 0.26 0.2 0.24°
P, 612 646 707 16 21 27 032 0.4 0.17°
Ps 69.0 672 629 15 18 19 025 0.3 0.71°
P, 689 779 793 18 19 16 0.30 0.4 0.36°
SEM +26 456 +7.7 +01 +01 +03 +0.1 0.1 +0.1

P-value 009 028 032 05 010 017 0.85 0.66 0.018

P Means followed by different superscript letters within a column are different at P<0.05; T,, Treatment
one (control, farm concentrate); T,, Treatment two; T3, Treatment three; AST, Aspartate aminotransferase;
WKk, at calving (day 0); Wk, 7 days after calving; Wk,, 14 days after calving; P, first parity; P,, second
parity; Ps, third parity; P4, fourth parity; SEM, standard error of the mean

4.2.6. Post-partum fertility and related problems

Post-partum body condition score (BCS) at service was higher for cows in T, and T3 than
T, although the variation was statistically not significant (P>0.05). Furthermore, cows in

first and second parities showed higher BCS than third and fourth parity cows (Table 28).

4.2.6.1. Conception and pregnancy rates

Conception rate was evaluated by plasma progesterone test on day-21 and day-35 after
service and by transrectal ultrasonography at day-30 of insemination (Tables 28 and 29).
At day-21 progesterone concentrations were greater than 6ng/ml in two cows out of four
from T, three out of four from T, and two out of four from T3. However, the differences
in plasma progesterone values were statistically not significant (P>0.05) among

treatments and parities.
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Table 28. Mean (£SEM) age, body weight at calving, body weight and BCS at service
and progesterone concentrations after serviceof crossbred dairy cows

Factors Age of  B.wtat B.wt at BCSat PPD21 PPD35

cow (yrs) calving service (kg) service (ng/mL) (ng/mL)
(kg)

Treatments

T 5.5£0.4 481.3+46.7 467.3+20.8 2.5+0.2 8.1+1.9 4.5+1.7

T 5.1+0.3 489.3£36.2 494.3+16.1 3.3+0.2 6.2+1.1 6.9+1.0

T3 5.1+0.5 460.0£59.1 487.0+26.4 3.2+0.2 9.7£1.9 9.9+1.7

P-value 0.72 0.92 0.63 0.07 0.41 0.27

Parity

Py 2.8+0.5° 444.1+553 462.1+24.7 3.1+0.2 9.1+1.7 10.1+1.6

P2 4.6+0.4> 484.3+41.8 495.0+18.6 3.3+0.2 7.9+1.3 7.2+1.2

P3 5.4+04° 511.3+41.8 513.7+18.6 2.8+0.2 6.9+1.7 5.1+1.6

P4 8.2+0.7° 467.6+80.9 460.6+36.1 2.6+0.3 8.1+2.5 6.2+2.3

P-value 0.02 0.81 0.46 0.39 0.86 0.40

ab¢ Means followed by different superscript letters within a column are different at P<0.05; BCS, body
condition score; B.wt, body weight; T,, Treatment one (control, farm concentrate); T,, Treatment two; T3, Treatment
three; P4, first parity; P,, second parity; P3, third parity; P,, fourth parity; SEM, standard error of the mean; PPD21,
Plasma progesterone levels on day-21 post service; PPD35, Plasma progesterone levels on day-35 post service

At day-30 of insemination all cows were diagnosed by ultrasonography. The overall day-
30 pregnancy rate was 88.9% (8/9) (Table 29). Two out of the inseminated three were
pregnant (embryos with heart beat) from T4, all the four were found pregnant from T, and
similarly the two cows were pregnant from Ts. However, the differences were statistically

not significant (P>0.05). The variation in pregnancy rate by parity was statistically not
significant (Table 31).

Table 29. The frequency of pregnancy diagnosis (ultrasound) at day 30 after service of
crossbred dairy cows

Day-30 pregnancy (Ultrasound/CL) (n=9) Frequency  Total tested cows (%)

Positive 8 88.9
Negative 1 11.1
Total 9 100

n= number of cows
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4.2.6.2. Post-partum infertility

Two cows (16.7%) remained post-partum anoestrus during the 90 days experimental
period and they were diagnosed to have cystic corpus luteum (CL) on ultrasound from
cows in Ty and T3, while one cow (8.3%) from T, was repeat breeder and diagnosed to
have mild endometerities (Table 30). Anoestrus was observed in fourth parity cows but

the difference was statistically not significant (P>0.05) from the other parities (Table 31).

Table 30. The frequency of reproductive disorders in crossbred dairy cows

Fertility parameters (n=12) Frequency  Total tested cows (%)
No reproductive disorder 8 66.7

Anoestrus, Cystic Corpus Luteum (CL) 2 16.7

Repeat breeder 1 8.3

Mild endometerities 1 8.3

Total 12 100

n= number of cows

Table 31. Fisher's exact test for pregnancy (ultrasound) and reproductive disorders in
crossbred dairy cows

Day-30 pregnancy (Ultrasound) Post-partum disoredrs
No. of No. No Repeat Cystic CL  Endometerities
examined  Positive  Negative examined  problem breeder  (anoestrus) (slight),
Cows cows inactive right
ovary
Treatments
T, 3 2(66.7%) 1(33.3%) 4 2(50%) 1(25%) 1(25%) 0.0
T, 4 4(100%) 0.0 4 4(100%) 0.0 0.0 0.0
T3 2 2(100%) 0.0 4 2(50%) 0.0 1(25%) 1(25%)
P- value P>0.556 P>0.515
Parity
Py 2 2(100%) 0.0 3 2(66.7%) 0.0 0.0 1(33.3%)
P, 3 3(100%) 0.0 3 3(100%) 0.0 0.0 0.0
P3 3 2(66.7%) 1(33.3%) 3 2(66.7%) 1(33.3%) 0.0 0.0
P4 1 1(100%) 0.0 3 1(33.3%) 0.0 2(66.7%) 0.0
P- value P>0.97 P>0.23

Ty, Control (farm concentrate); T,, Formulated concentrate; T, Formulated concentrate mixture; Py, first
parity; P,, second parity; P5, third parity; P4, fourth parity; PD, pregnancy diagnosis; CL, Corpus Luteum;
No, number
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5. DISCUSSION

5.1. Survey Part

5.1.1. Socio-economic characteristics of urban and peri-urban dairy production

5.1.1.1. Household characteristics

The highest educational level of the respondents in the current study was diploma and
above which might be related to the existence of different agricultural institutions and
market availability. Similarly, Abebeet al. (2017) reported that first degree (6.58%)was
the highest educational level achieved by household heads in the central highlands of
Ethiopia. When farmers have a higher educational level, it helps in better understanding
and adoption of new farm technologies as well as for better husbandry practices (Lemma
etal., 2012; Gizaw et al., 2012).

In the current study, the highest percentages of household heads were male, which
implies that higher proportions of males were occupied in dairying than the females and
also most of the respondents were married. Similarly, male household heads were
dominant in dairying as reported by Azage (2004) from Addis Ababa (Ethiopia), Swai et
al. (2005) from Tanzania and Thys et al.(2005) from the West African situation. In the
central zone of Tigray, Gebrekidan et al. (2012) also indicated that the proportion of male
household heads were higher than female heads. The current age distribution pattern
reflects that young people are less depended on urban and peri-urban dairy production,
which might be due to financial and experience related problems. A study from Hawassa
(Ike, 2002) indicated that 33.3% households were in the age group of 41-50 and 30%
were in51-60 years, which was comparable to the present results 40-59 years old. The
mean family size in urban Assela (5.1) and peri-urban Holetta (5.4) in the current study
was consistent with the national average (5.2) (CACC, 2003). The larger family sizes in

urban Holetta (7.2), peri-urban Sululta (6.9), peri-urban Assela (6.1), urban and peri-

100



urban Bishoftu (6.0) and urban Sululta (6.0) were also comparable with the 7.4 and 6.0
persons per household reported from Shashemene and Dilla (Sintayehu et al., 2008) and
from Jimma areas (Belayet al., 2011), respectively. The relatively larger family size in
the mentioned areas indicated that these households have adequate sources of family
labor to use for different routine dairy farm activities such as feeding, cleaning, herding,
milking and milk processing. However, the mean family size reported in the present
study was slightly higher than the 4.4 persons per household from different areas of
central Ethiopia (Abebe et al., 2017). This might be due to data collection time and

sampling differences.

5.1.1.2. Occupational status and land holding

Dairying was the major occupation for the majority of the interviewed dairy producers in
the present study and it was higher than the 13.7% of farmers involvement in dairy
production reported for Sebeta Awsa area (Dereje and Yoseph, 2016). Girma et al. (2014)
also reported that 29.2% of interviewed dairy farm owners in Shashamane were dairy

cow producers. The differences indicated the increasing demand for dairy production.

The overall land holdings (1.17 ha) in peri-urban areas of the present study was similar
with Sintayehu et al. (2008) who reported land holdings of 1.1 ha in Shashemene-Dilla
area. Additionally, the land holdings in peri-urban Assela (1.9 ha) and peri-urban Sululta
(1.7 ha) of the present study were comparable with the national average total household
land holdings of 1.77 ha in rural areas of Ethiopia (CSA, 2013). Generally, the current
land holdings (0.03 to 1.9 ha) are by far less than the land holdings of 2.0 to 5 ha for
32.6% and 16.2% of the smaller farmers in the country and Southern Nations,
Nationalities and People’s Regional State (SNNPRS), respectively (CACC, 2003).
Furthermore, the values were also inconsistent with the total land holdings of 2.5 ha
reported for the Dandi district in Oromia region by Belayet al.(2012) and 2.12 ha
reported in Metekel zone of Benishangul-Gumuz Region (Solomon et al., 2014). The

variations could be due to rapid population growth and urbanization.
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5.1.1.3. Livestock species and herd size

In the present study, crossbred milking cows comprised a relatively larger percentage of
the dairy herd in all the study areas which indicates as they are playing significant role in
the farmers’ economy. Generally, the number of livestock owned by the respondent
farmers varied between locations and the farming systems which could be related to
several factors such as feed unavailability and costs, land scarcity, and objectives of
livestock keeping. Similar to the results, Abebe et al. (2017) reported a greater percentage
of milking and crossbred cows than other livestock species in different parts of central
Ethiopia. The same authors further noted small proportion of male calves which was
parallel to the lower average number of male than female calves of the present study.
Unlike to the current results, lower numbers of milking cows (0.1-1.7 cows) per
household were reported in different parts of Ethiopia (Binyam, 2008; Samson et al.,
2012). In Bahir Dar and Hawassa also higher numbers of crossbred cows/household (5.4-
11) were reported by Haile et al. (2012) and Dereje and Yoseph (2014). The differences
could be related to variations in the dairy production potential of the areas.

5.1.1.4. Experience in dairy production and source of crossbred cows

In peri-urban Assela and in urban Sululta 40% and 45%, respectively, of the dairy
producers have dairy rearing experiences of 4 to 7 years. Comparable to these results, in
Mekelle city from 180 respondents the majority (41.7%) of dairy farms were established
about 6 to 10 years ago (Solomon, 2014). In urban Bishoftu of the present study, about
40% of the dairy farm owners have greater than 15 years of experiences in crossbred
dairy production. Similarly, in Bangladesh, 280 dairy farmers’ households were
questioned and the majority of the farmers had 10 to 19 years of experiences in dairy
farming and most of the highly experienced farmers reared crossbred dairy cattle
(Quddus, 2017).
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5.1.1.5. Purpose of keeping and ways of differentiating dairy cattle

In majority of the study areas, respondents revealed that the primary purpose of keeping
crossbred dairy cattle was milk to generate income. Comparable to these results, in
Ethiopia market-oriented urban and peri-urban milk production systems are flourishing as
the main suppliers of milk and milk products to cities (Sintayehu et al., 2008). A study by
Belay and Geert (2016) in Jimma town also indicated that for most of the respondents
(94.4%) the primary reason for keeping dairy cattle was the milk production for income
generation. The majority of the interviewed respondents in the present study areas use
body color, local name and ear tag, respectively, to differentiate their dairy cattle. In
Nyagatare district, Rwanda, most farmers (96.4%) stated that traditional methods of
phenotypical animal identification such as names, color patterns and horn shape were
dominated for identifying their cows. Accordingly, cows had different names and
attributes (Eugene, 2017). The same author further reported that the use of modern
methods of identification such as ear tag was very low (3.6%) which was slightly
inconsistent with the present results. The variations could be due to differences in

management, production system and farm type.

5.1.2. Dairy management practices in urban and peri-urban production systems

5.1.2.1. Housing and record keeping practices

In the current study, almost all dairy owners used separate housing system for their dairy
cattle. Similarly, Ayalew (2017) reported that in South Wollo Zone, Dessie town of
Ethiopia, all (100%) of the urban and peri-urban respondents used separate houses for
their dairy cattle. Additionally, in urban and peri-urban dairy farms of Mekelle, Ethiopia,
80% in urban and 3.33% in peri-urban medium and large scale dairy farms, respectively,
used separate housing systems (Hulagersh et al., 2017). In Bhutan, Asia, 78% of the total
respondents also provided house to their crossbred dairy cattle. However, the rest 22% of

the respondents did not supply houses to their dairy cattle (Wangdi et al., 2014).
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Conflicting to the present results, Asrat et al. (2013) reported that 60% of dairy producers
in the urban dairy production system of Boditti town, Wolaita Zone used the same house
for family and animals. The differences could be attributed to variations in management
systems, farm type and financial related issues.

In many of the current study areas, dairy producers were not keeping records. The main
reason raised by farmers for not keeping records was lack of awareness on the benefits of
keeping records. Similarly, in and around Boditti town, South Ethiopia, 95% of dairy
farmers were not practicing record keeping because of inadequate experience and lack of
awareness on the benefits (Asrat et al., 2013). The lack of record keeping may have a
negative impact on productivity, decision making in progress and also may lead to
inbreeding between closely related herds (Desalegn, 2011). Milk yield, service and
calving dates were the main parameters recorded by dairy producers. In line with these
results, Asrat et al. (2016) also stated that in and around Wolaita Sodo town, 42.7%
(town) and 27.8% (surroundings) of dairy farmers were found to maintain breeding/Al
and reproduction records, respectively.

5.1.2.2. Feeding systems

In most of the present study areas, stall feeding was the main dairy feeding system. But
the feeding systems in peri-urban Bishoftu of the current study were tethering and stall
feeding systems. Furthermore, grazing and stall feeding were the main feeding practices
in peri-urban Sululta and urban Holetta, respectively (Table 8). Inline to the findings,
Dessalegn et al. (2016) reported 74.6% and 25.4% of the dairy owners in Bishoftu and
Akaki towns use stall feeding and stall feeding with limited grazing feeding systems,
respectively, as the main feeding practices. Adebabay (2009) also reported that the types
of feeding systems noted in the Bure district of Amhara region, Ethiopia were communal
grazing and stall feeding. Parallel to the feeding managements in peri-urban Bishoftu of
the current study, in and around Shashamane town, Girma et al. (2014) as well stated that

stall feeding practiced in urban areas. Additionally, in Addis Ababa milk shed and Dire
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Dawa town, grazing was not practiced by urban dairy farms (Yoseph, 1999) and (Emebet,

2006), respectively.

5.1.2.3. Estrous detection and breeding systems

Dairy respondents in peri-urban Sululta, urban Bishoftu, peri-urban Bishoftu and peri-
urban Assela, respectively, stated that there was anoestrus problem in their dairy herd.
Comparable to these results, Roelofs et al. (2010) confirmed that achieving efficient
estrous detection by visual observation depends on the timing, duration and frequency of
observation. In addition, discrete behavioural signs of estrous, non attendance of standing
mount for up to 60% of ovulations and the shorter duration of the estrous in modern,
high-yielding dairy cows make visual detection of estrous more difficult (Saint-Dizier
and Chastant-Maillard, 2011; Kamphuis et al., 2012). Moreover, a study at the veterinary
clinic of the school of veterinary medicine in Debre Zeit town by Endris et al. (2014)
indicated that dairy owners were mostly dependent on estrous signs like bellowing,
mucus vaginal discharge and mounting. In another study it was described that long post-
partum anoestrus period is a very common problem with cows reared in a tropical

environment (Million et al., 2011).

Comparable to the natural breeding system in peri-urban Sululta and urban Sululta of the
current study, Tesfa (2009) stated that along with natural mating, some farmers used Al
in the highland and midland areas of Ethiopia. Similarly, Asrat et al. (2013) indicated that
in the mixed crop/livestock production system of Boditti town, 65.4% of the households
use natural mating using local bulls, 35% of the households use artificial insemination
(Al) and the rest (1.7%) use both natural mating and Al service. A study by Solomon et
al. (2014) also indicated that 100% of the dairy farmers in Metekel zone, Northwest
Ethiopia depend on natural mating to inseminate their cows. In Borana zone, on average
75% and 84.2% of respondents of lowland and mid-highland areas, respectively, replied
as they used natural bull service for breeding system (Dejene, 2014). In peri-urban

Bishoftu, urban Bishoftu, urban Assela, urban Holetta, peri-urban Holetta and peri-urban
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Assela, respectively, artificial insemination was the main breeding system. Likewise,
Dessalegn et al. (2016) stated that in Bishoftu and Akaki towns 50.8% and 46.4% of the
respondents used Al as a breeding system for their dairy cattle. However, Asrat et al.
(2013) reported that 51.7% of the households in the urban system of Boditti town used
natural mating by local bulls and the remaining 48.4% used Al. The differences could be
related to access and cost of Al service, ease of getting preferred service, access of

breeding bull and farmers’ awareness.

A study by Misgana et al. (2015) in the East Wollega zone, Ethiopia stated that the
majority of the dairy owners (50.5%) used both natural and artificial insemination for
breeding their dairy cattle alternatively which was not consistent with the current results.
The differences might be due to herd type and management variations.

5.1.2.4. Weaning and culling systems

In urban and peri-urban areas of the current study, the majority of the dairy producers
experienced calf weaning in their farm. In agreement with these results, about 90.8%
dairy cattle producers, both in town and the surrounding of Boditti town practiced partial
suckling prior to milking and colostrum is given to calves freely (Asrat et al., 2013). In
Bure area Adebabay (2009) stated that only 8.9% of the respondents exercise weaning,
64.3% of the respondents exercise partial weaning and the rest 26.8% employ sudden

weaning.

Culling was practiced by most of the respondents in urban Holetta, urban Bishoftu, peri-
urban Holetta, peri-urban Bishoftu, urban Sululta, peri-urban Sululta, urban and peri-
urban Assela. In line with these results, a study in Fogera, Jeldu and Diga districts of the
Nile Basin (Ethiopia) indicated that in case of emergencies of both financial and
agricultural, the farmers tend to sell the growing herd first and breeding females were
maintained in the herd for older age until reproductive performance was nearly stopped

(Ayele, 2012). Furthermore, in Bishoftu and Akaki areas male calves were not
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economical to keep and farmers sold them cheaply or culled them from the herd as soon

as possible (Dessalegn et al., 2016).

5.1.3. Milk yield of crossbred dairy cows

The lower average daily milk yield of crossbred dairy cows in peri-urban areas might be
attributed to relatively poor management practices and water availability problems. The
8.5 liters average daily milk yield in peri-urban Sululta of the present study was similar
with Belay et al. (2012) who reported 8.52 liters/day/cow for crossbred dairy cows in
Jimma town. The current average milk yield per cow was slightly lower than Nigusu and
Yoseph (2014) who found 14.1 liters/day/cow in urban and secondary town dairy
production systems in Adama milk shed. This difference could be resulted in lack of
proper feeding and other management practices. The current average milk yield reported
in urban (11.7 liters) and peri-urban (11.2 liters) Bishoftu was similar to the average daily
milk yield of 11.6 liters for crossbred dairy cows with >50% blood levels in Bishoftu
town (Dessalegn et al., 2016). Similarly, the average daily milk yield in urban (10.4
liters) and peri-urban (10.5 liters) Holetta and urban Sululta (10.8 liters) were also
compatible with the average daily milk yield 10.8 liters for crossbred dairy cows in the
Akaki area (Dessalegn et al., 2016). The overall average milk yield per cow in urban and
peri-urban areas of this study was within the average daily milk production of crossbred
dairy cows in urban (10.21 to 15.9 liters/day/cow) and peri-urban (9.5 liters/day/cow)
systems reported in Ethiopia (Azage et al., 2013).

5.1.4. Reproductive performances of crossbred dairy cattle

5.1.4.1. Age at first service (AFS)

In the present study, the age at first service (AFS) in urban and peri-urban areas ranges

from 18.8 to 29.3 months for crossbred dairy heifers. Under small scale dairy production

in urban and peri-urban areas in Gondar, Nibret (2012) reported an overall mean AFS of
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15.4 months for crossbred dairy heifers which was lower than the current results. The
variation could be related to breed and management differences. However, the AFS in
urban (25.4 months) and peri-urban (25.9 months) Sululta of this study were in line with
Belay et al. (2012) in Jimma town and Zewdie (2010) in the highlands and central rift
valley of Ethiopia who stated age at first service of 24.30+8.01 and 27.5 months for
crossbred dairy heifers. The average age at first service in urban (18.8 months) and peri-
urban (19.1 months) Bishoftu of the current study were consistent with Dessalegn et al.
(2016) who revealed average AFS of 18.7 months for crossbred dairy heifers in Bishoftu

and Akaki towns.

5.1.4.2. Age at first calving (AFC)

In urban and peri-urban Sululta as well as peri-urban Assela of the present study, the
averages AFC were 34.4, 34.9 and 38.3 months for crossbred dairy heifers. Comparable
to these results, Hunduma (2012) in Assela, Kumar and Tkui (2014) in Mekelle city,
Belay et al. (2012) in Jimma and Mandefot (2017) in and around Wolaita Sodo town
reported AFC of 34.8+4, 36.4+1.7, 36.6 and 37.5+£0.6 months, respectively, for crossbred
dairy heifers. The overall mean AFC of crossbred dairy heifers under small scale dairy
productions in urban and peri-urban areas of Gondar was reported as 32.4 months
(Nibret, 2012). This result was in agreement with the AFC in urban Assela (30.6 months),
urban and peri-urban (30.5 months) Holetta of the present study. Dessalegn et al. (2016)
declared that the mean AFC for crossbred dairy heifers in Bishoftu and Akaki were 27.0
and 26.9 months, respectively, which were similar with the current results in urban (27.8
months) and peri-urban (28.1 months) Bishoftu town.

5.1.4.3. Number of services per conception (NSC)

The relatively very good services per conception in this study might be indicative of the
presence of fewer repeat breeder cows in the dairy farms included in the study. It might

also attributed to correct timing of insemination, quality of semen, the skill of the

108



inseminator and cow related factors like less loss of weight before or after insemination,
good body condition, absence of uterine infection and hormonal imbalances which could
positively affect the success of insemination. Comparable to the number of services per
conception (1.3) from peri-urban Assela and urban Sululta of the present study, Nuraddis
et al. (2011) also reported mean NSC of 1.29 for crossbred dairy cows in North Gondar
town. In Jimma, 1.56 NSC were reported by Belayet al. (2012) for crossbred dairy cows
which was equivalent to the NSC of 1.5 from urban Holetta. The NSC 1.6 reported by
Belayneh (2012) for Holstein crossbred dairy cows in North Shewa Zone was also similar
with the current NSC of 1.6 in peri-urban Holetta and Sululta as well as urban Bishoftu
areas. The current overall mean NSC (1.53) of all the study areas was similar with

Hunduma (2012) who reported the NSC of 1.52 in Asella town for crossbred dairy cows.

5.1.4.4. Calving to conception interval (CCI) and calving interval (CI)

The average 101.5 to 168.0 days calving to conception intervals in the current study of all
the study areas were longer than the 85.6 days (Hunduma, 2012) from Assela town and
the 93.11 days (Niraj et al., 2014) from Gondar town. Belay et al. (2012) reported longer
days open (155.7 days) from Jimma and Zewdie et al. (2011) even reported days open of
as long as 197 and 194 days from Debre-berhan and Sebeta, respectively, and was in
agreement with the higher calving to conception interval (168.0 days) from peri-urban
Assela of the present study. The differences could be attributed to poor and inadequate
nutrition, genetic variations, poor heat expression and detection and other management

variations.

The current calving intervals in urban Holetta (12.7 months), urban Bishoftu (12.9
months), and urban Sululta (13.3 months) were comparable with the calving intervals of
crossbred dairy cows reported in Bishoftu and Akaki towns which were 13.0+2.1 and
13.8+£1.9 months, respectively (Dessalegn et al., 2016). However, studies from North
Showa and Jimma Zones indicated that crossbreds of unknown exotic inheritance have
calving interval of 660 days (Mulugeta and Belayneh, 2013) and 640.8+3.84 days (Belay

109



et al., 2012) both of which were higher than the current results. The differences might be
attributed to poor nutrition and management practices, longer days open, poor breeding

system and disease.

5.1.5. Reproductive health problems and source of veterinary services

As reported by Haile et al. (2010) the major reproductive disorders in crossbred dairy
cows in different locations around Addis Ababa milk shed were 75.3%, 60.1%, 58.1%
and 75.15% in Addis Ababa, Holleta, Debre-Zeit and Sululta and Muka-Turi,
respectively. These values vary from the present results which might be related to feed
scarcity, breeds of the animals and other management system variations among the
different areas of the studies. Retrospective analysis of clinical data in central Ethiopia by
Hadush et al. (2013) showed 44.3% of the cows had major prepartum and post-partum
reproductive problems which were consistent with the occurrence of reproductive health
problems reported in Assela (45%) and urban Sululta (40%) but lower than the other
areas of the present study. The variations could be attributed to malnutrition and
management system related factors. Comparable to the results in urban and peri-urban
Assela and urban Sululta of the current study, Dawit and Ahmed (2013) and Ararsa and
Wubishet (2014) reported the prevalence of 40.3% of reproductive health problems of
cows in Kombolcha, Northeast Ethiopia and 51.1% of the cows were with at least one

reproductive health problems in Borena Zone.

Comparable to current results, Tariku et al. (2015) in Adaa district showed that
veterinary service providers were classified into public and private. Private veterinary
clinics were the main veterinary service providers in urban and peri-urban Bishoftu, peri-
urban Assela and urban Sululta areas of the present study. However, Girma (2008)
indicated that public veterinary service was the main veterinary service provider in the
peri-urban and rural areas of Ada‘a district, while, the urban areas receive veterinary

service mainly from private veterinary service providers. This variation may be due to
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inadequate budget, logistic problems, lack of basic veterinary equipments and scarcity of

skilled man power in the public veterinary service providers.

5.1.6. Milk and products marketing

In all, the study areas, the majority of the respondents used to sell their milk and milk
products. But low milk price relative to feed cost was their main marketing problem.
Dairy products are not consumed during fasting time and most of the milk during this
period is processed into cheese (locally Ayib) and butter for later sales and consumption
(Tanngka et al., 2002). A study in Mekelle town (Solomon, 2014) revealed that the
majority of the dairy producers (92%) used to sell milk and milk products and only the
remaining 8% use milk for home consumption. Comparable to the marketing problem of
the present study, Kassu (2016) mentioned that among the constraints of milk and butter
marketing in the Bona district of Southern Nation Nationalities and People Regional
States (SNNPRS), of Ethiopia were lack of training related to milk products marketing,
distance to marketing points and fluctuation of prices. Studies from East Gojjam Zone,
Amhara Region and North and East Showa Zones of Oromia Region of Ethiopia also
indicated that the price of fresh milk was highly influenced by different external factors
such as farm location, transport access, marketing system, fasting period and processors
demand (Dehinenet et al., 2016).

5.1.7. Constraints and opportunities of dairy production

5.1.7.1. Constraints of dairy production

High feed costs, land scarcity and space limitation and feed quality and availability
problems were mentioned by respondents as the primary dairy production constraints in
almost all the present study areas. Comparable to these results, Sintayehu et al. (2008)
also reported that the scarcity and costs of feeds were the major constraints in

Shashemene-Dilla area, South Ethiopia. Zelalem et al. (2011) as well indicated that
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inadequate animal feed resources as one of the important challenges of the Ethiopian
dairy sector. In Boditti town, South Ethiopia land shortage and availability and costs of
feeds were reported as the principal constraints of dairy production (Asrat et al., 2013). A
recent study by Haftu (2015) described that feed scarcity and high feed cost were the
main constraints of dairy production in Hossana town. The same author further
mentioned that space limitaton was another dairy production constraint in the study area.
Feed shortage was also identified as the key constraint of dairy production in Dale and
Shebedino districts (Terefe et al., 2014). As reported by Malede et al. (2015) land
shortage was the major constraint on dairy production in Gondar town. Asrat et al. (2016)
added that land shortage and feed scarcity were the primary constraints which hamper

dairy production in Wolaita Sodo town.

5.1.7.2. Opportunities for dairy production

High demand for milk consumption, the existence of the research institutions, income
generation and employment creation as well as service providers were mentioned as the
main opportunities for dairy production by dairy producers in different areas of the
present study. Inline to these results, studies in the Ethiopian highlands indicated that
dairying generated 34% of the total household income of farmers in the Holleta area
(Mohamed et al.,2003) and 48.9% of the urban farmers of Southern Ethiopia (Sintayehu
et al., 2008). Azage et al. (2006) concluded that urban and peri-urban dairy production
systems could contribute to overall development through income generation and
employment opportunities. Azege et al. (2013) also mentioned that the large and diverse
dairy animals genetic resources adapted to the wide and various agro-ecologies,
establishment of several structures and service centers such as veterinary health and Al
centers, high demand for consumption of dairy products, huge human population with
long-standing tradition of consumption of dairy products, high rate of urbanization and
income growth, availability of trained manpower, research institutions and technologies
shows that Ethiopia has ample opportunities for dairy development. A study by Solomon

(2014) also revealed that because of the rapid urbanization, extensive population growth
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and change in the living standard of the people in Mekelle city, dairying gives the
opportunity for dairy producers to generate income as it is highly demanded product. The
same author further mentioned other opportunities for milk producers in the same area
concerning to accessing adequate land and credit for dairy cooperatives, animal health
service, Al service and extension and training services. In Wolaita Sodo area, high milk
demand was the main opportunity to dairy production as stated by Asrat et al. (2016)
which was consistent with the present results. The authors added that dairying provides
the opportunity for smallholder farmers to use land, labor and feed resources and generate

regular income.

5.1.8. Available feed resources in urban and peri-urban dairy production systems

5.1.8.1. Land use and ownership

In urban Bishoftu (90%), urban Sululta (90%) and urban Holetta (85%) respondents
stated that they do not totally have access to land. Yitaye et al. (2007) in Bahir Dar town
and Dangla areas described that in urban areas about 75% of the farmers do not have
access to land. In Bahir Dar and Gondar, Yitaye et al. (2011) also reported that in urban
areas, 70% of the farmers do not have access to farm land which was lower than the
current values in Bishoftu, urban Holetta and urban Sululta areas. The differences could
be attributed to the recent rapid population growth and urbanization in urban areas. The
current results highlighted that a higher proportion of the owned land in peri-urban areas
were used for crop production, forage production and grazing systems. Comparable to
these results, in the West Shoa zone of Oromia region, Bainesagn (2016) indicated that
land holding for crop production, which was owned and rented in rural and peri-urban
areas was higher than in urban areas. Similarly, the author further stated that land for

grazing and forage and irrigation was higher in peri-urban and rural areas.
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5.1.8.2. Common feed resources

Crop residues, concentrates (mainly from agro industrial by-products), hay, communal
pasture, private pasture, improved forage and backyard forage were the commonly used
dairy feed resources in the present study areas. Comparable to these results, in Bahir Dar
town and Dangla areas the major sources of livestock feed resources were natural pasture,
hay, crop residues and concentrates (Yitaye et al., 2007). Yitaye et al. (2009) and Azage
et al. (2013) also noted that the major roughage feed resources for dairy animals across
all the different Ethiopian production systems include natural pasture/grasslands, grass
hays, crop residues and non-conventional feed resources. Sintayehuet al. (2008) in
Shashemene area, Yitaye (2008) Northwest Ethiopia and Kechero et al. (2013) in Jimma
Zone further reported that natural grazing lands, crop residues, pasture, forage crop and
agro-industrial by-products were the main livestock feed resources. In Meta Robi district,
West Showa Zone, natural pasture and crop residues such as wheat straw, barley straw
were the dominant feed resources, but agro-industrial by-products such as noug seed
cake, linseed cake, molasses, brewery by products, non-conventional feed and improved
forage were uncommon and rarely used (Endale et al., 2016). These were not similar to
the present results which could be due to differences in feed availability, price and

management systems.

5.1.8.3. Types of available crop residues

In the present study, wheat straw, barely straw and teff straw were the mainly used crop
residues. Similarly, Solomon and Alemu (2009) reported that teff, wheat and barley
straws were the major crop residues available in the Ethiopian highlands. In Gondar
town, crop residues such as wheat, barley, teff straws and maize thinning were used by
farmers as basal diets for dairy animals (Malede et al., 2015). Abate et al. (2010) as well
noted that straw from maize, sorghum and teff was used mainly during the dry season in
southeastern parts of Ethiopia. In urban Assela, urban Holetta and peri-urban Sululta of

the current study wheat and barley straws were the dominantly used crop residues.
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However, around Ziway barley straw was the most preferred feed by dairy owners
followed by maize stover (Zewdie, 2010). The differences could be attributed to the

variations in availability and farmers awareness.

5.1.8.4. Frequency of providing feed supplements

In the current study, provision of feed supplements was mainly practiced twice and three
times a day. As described in DeVries et al. (2005) increasing the frequency of feed
delivery has been shown to modulate the feeding patterns of lactating dairy cattle with
cows fed more frequently, spending more time feeding, increase the distribution of
feeding time over the course of the day and improve access to fresh feed for all cows and
this idea helps the current feeding practiced in the study areas. In Fafan town, Somali
region (Ethiopia) 52.08% and 41.67% respondents were provided feed two times per day
for lactating and non-lactating dairy cattle, respectively (Abdirahin and Kefyalew, 2015).
The authors further revealed that 41.67% and 20.83% of the farmers in the same area
provide with feed three times a day for lactating and non-lactating dairy cattle which was
comparable with the present results in urban and peri-urban Assela, peri-urban Sululta,
and peri-urban Bishoftu. However, 6.25% and 37.5% of respondents in Fafan town
supply once a day for lactating dairy cattle and non-lactating dairy cattle, respectively.
Nikkhah (2011) also mentioned that feed delivery once per day is labor effective and
more desirable for many small and mid-size farms. The differences could be related to

variations in feed availability, farm type, labour force and management systems.

5.1.8.5. Frequency of water provision

The water provision in peri-urban Holetta (65%), peri-urban Sululta (65%) and urban
Sululta (45%) of the current study was twice a day. Similarly, in the Highland production
system (Debre Birhan, Jimma and Sebeta), dairy farmers, mostly provide water twice a
day for cattle (Zewdie, 2010). As reported by Bernabas et al. (2017) in Alefa district of
North Gondar zone, 66.7% of the respondents were also watered their dairy cattle twice
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per day. About 90% of the respondents in peri-urban Assela of the current study provide
water once a day. Comparable to the results, a study in Mekelle city noted that 65.6% of
respondents were watered their animals once a day (Tilahun and Gebregiorgis, 2016).
About 38% of the respondents in the Quara district of North Gondar zone were watered
their dairy animals once, twice, and three times a day, respectively, which were similar to
the present results in urban Sululta (Bernabas et al., 2017). Overall, respondents in urban
(17.5%) and peri-urban (11.3%) areas of the present study provide water ad libitum for
dairy cattle. Inconsistent to these results, in Adigrat, Tigray Alemshet (2014) noted that
28.9% respondents in urban and 15.25% respondents in peri-urban areas provide water ad
libitum for dairy animals. The differences might be attributed to differences in feed type

and water availability.

5.2. Feeding Experiment

5.2.1. Chemical composition of the experimental feeds

The crude protein (CP) content of noug seed cake (NSC) in the present experiment
(30.9%) was similar with that of 31.26% and 28.2% reported in Abebaw and Solomon
(2008) and Wondimagegne et al. (2016), respectively. The grass hay used in the present
study had slightly lower level of CP content than the minimum level of 7% required for
optimum rumen microbial function (VanSoest, 1982). The CP content of grass hay
(6.8%) in the current study was in agreement with Aschalew and Malede (2013) who
reported 6.7%. The NDF content of grass hay (73.1%) in the present study was nearly
equivalent to the 74.4% NDF value reported by Gezu et al. (2017). The NDF content of
roughage feeds less than 45% are categorized as high quality, 45 to 65% as medium
quality and those more than 65% as low quality roughages (Singh and Oosting, 1992).
Therefore, grass hay used in the study might be categorized as low quality roughage that
may indicate limitation on dairy cow performance. According to Kellems and Church
(1998) roughage feeds with less than 40% ADF are categorized as high quality and above
40% as low quality. As a result depending on the ADF content, the grass hay used in the
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present study was categorized as good quality. The CP content of wheat middling
(17.8%) was within the CP range of wheat bran of 16 to 21% (McDonald, 2002) and
similar to the CP contents of wheat middling 17.8% (Adugna, 2008).

The CP content (26.5%) of the concentrate ration from Ty used in both feeding phases
was similar. Similarly, Mesfin et al. (2013) investigated 26% CP content from farmers’
home-mixed concentrate for lactating crossbred dairy cows in smallholder peri-urban
dairy production systems in West Shewa zone (Ejere, Walmera, Burayou and Ambo
districts) of central Ethiopia. The same authors also noted from the same study, 10.8

MJ/kg DM of ME from home-mixed concentrate for lactating crossbred dairy cows.

5.2.2. Dry matter and nutrient intake of experimental cows

Similar to the current results, Khazanehei et al. (2015) reported that dry matter intakes
expressed as amount per day and as a percentage of body weight per day were not
affected by treatment diets during the six weeks before calving feeding periods. In the
current trial, the variation in average daily ME and DM intakes among parities during the
late pregnancy period could be attributed to the differences in physiology, ration
formulation and the amount of feed supplementation. Comparably, Hayirli et al. (2002)
reported that transition from gestation to lactation is characterized by a dramatic decrease
in DM intake and the average decrease in DM intake of heifers was less than cows during
the final 3 weeks of gestation. During the early post-partum period the differences in
average DM and nutrient intakes could be due to the differences in ration, milk yield and
way of feeding. The lower daily average ME intake of cows in T; than T, and T3 could be
due to the high protein intake of cows in T; (Table 22). Similarly, increasing dietary
protein concentration above the requirement reduced the daily and cumulative energy
balance (Law et al., 2009). Assaminew and Ashenafi (2015) also reported that agro-
industrial by-products used by farmers to feed lactating crossbred cows were usually
mixed in similar mixtures despite milk yields. The daily ME intake during the milking

period for cows in T3 (129.3 MJ/day) was comparable with the daily ME intake of 133
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MJ/day for milking crossbred cows in hay based diets (Rehrahie and Getu, 2010). But,
the average daily CP intake in the current study was higher than the 1508 g/day reported
by the same authors which could be related to the differences in the rations and daily DM
intake. Similar to the current results, multiparous cows had a greater intake than

primiparous cows (Janovick and Drackley, 2010).

5.2.3. Milk yield and composition

The differences in average daily milk yield among treatment groups in the current study
could be accredited to the differences in the way the feeding was practiced, crude protein
and energy contents in the feeds, which were consistent with earlier reports (Steinshamn,
2010). The ADMY of cows in T, 15.8 liters/day/cow was consistent with the 15.5
liters/day/cow in urban dairy production systems in Adama milk shed (Nigusu and
Yoseph, 2014). The higher average milk yield results of cows in T, (15.8 liters/day/cow)
and T3 (14.2 liters/day/cow) in the current study than the average milk yield results
around Holetta (11.1 liters/day) (Assaminew and Ashenafi, 2015) and 11.6 and 10.8
liters/day in Bishoftu and Akaki towns (Dessalegn et al., 2016) might be related among
others, to differences in the composition of the ration, feeding management and breed
variations. Comparable to the current results, Jemila and Achenef (2012) mentioned that
the average milk yield of primiparous cows was higher than multiparous cows. The
higher average daily milk yield in fourth parity cows of the present trial might be due to
the increasing development and size of the udder with a resulting increase of secretory
cells and energy intake differences. Shuiep et al. (2016) as well highlighted order of
parity were significantly (P<0.01) affecting the daily milk yield.

There were statistically no differences (P>0.05) in milk compositions of the present
study. Compatible with these results, Netsanet et al. (2015) investigated that the milk
total solids, crude protein, lactose, solid-not-fat, total ash, calcium and phosphorus
contents of milk samples from cows fed diets having different ratios of roughage to

concentrate were statistically not varied (P>0.05) due to dietary differences. Milk
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compositions were also statistically not affected (P>0.05) by the parity differences which
was comparable with Jemila and Achenef (2012) who indicated that milk fat, SNF,
protein, lactose and pH were statistically not different (P>0.05) in primiparous and

multiparous cows.

5.2.4. Reproductive parameters

Ferguson et al. (1994) determined that the body condition score (BCS) of an adult cow
during the first two months of lactation should decrease by no more than 0.5 to 1 point
which was consistent with the current results (Table 24). Hasan et al. (2011) found
statistically significant (P<0.01) effect of pregnancy rate on different BCS groups in
which cows having BCS 3.1 - 4.0 (very good condition) showed better pregnancy rate.
Unlike to the current results, Tolla and Vijchulata (2006) failed to report statistical
variations (P<0.05) in calving to first heat sign interval among treatment diets which
could be attributed to management differences. The current results of number of services
per conception (NSC) 1.3 and 1.4 were comparable with Moges (2012) who reported 1.3
services per conception in urban areas in Gonder. The CCI of the present study was lower
than the CCI of 176.8 days in the urban areas of Addis Ababa (Lemma and Kebede,
2011). At Bishoftu and Akaki towns, Cl was 13.0 and 13.8 months, respectively, for
crossbred dairy cattle as reported by Dessalegn et al. (2016) which were higher than the
current estimated CI values. The variations could be due to BCS and management
differences. Similar to the present study, non-significant effect (P>0.05) of parity on NSC
was also reported by Ibrahim et al. (2011). Khan et al. (2015) reported higher conception
rate in cows at second and third parity than that of cows at zero parity, which were

comparable to the current results (Table 24).

5.2.5. Effect of different rations on early post-partum blood plasma metabolites

The average plasma glucose concentration was statistically not significant (P>0.05)

among different treatment groups and parities (Table 25). This finding was in agreement
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with Khan et al. (2011) who reported non-significant differences in glucose concentration
during pre- and post-partum periods in buffaloes. Similarly, Wiedemann et al. (2013)
reported the early post-partum glucose concentration of 55.85 mg/dl, 55.85 mg/dl and
57.66 mg/dl for week 1, 2 and 3 after calving, respectively. Wiedemann et al. (2013) also
stated that differences in weekly glucose concentration early post-partum was statistically
not significant (P>0.05). Veenaet al. (2015) as well reported that there was no statistical
difference (P>0.05) in the plasma glucose values for the first three months post-partum

among cows.

The average plasma cholesterol at calving was higher for cows in T; (116.0 mg/dl) than
T, (87.0 mg/dl) and T3 (83.6 mg/dl). Similarly, Gross et al. (2015) reported that
cholesterol metabolism in dairy cows is affected by nutrient and energy deficiency
depending on the stage of lactation. Guretzky et al. (2006) also reported an increase of
blood cholesterol concentration from 1-3mM to 6-7mM from first week of lactation to 8
weeks post-partum which was comparable to current results (Table 25). In the same way,
Souza and Junior (2009) and Garcia et al. (2011) reported a continuous increase in
cholesterol concentration as days in milk increased, a result that was compatible with the
present study. However, Wiedemann et al. (2013) stated statistically not significant
differences (P>0.05) in cholesterol concentration for week 1, 2 and 3 post-calving. The
variation in blood plasma cholesterol in the different studies may be related to differences
in breed, environment and ration. When parity is considered average plasma cholesterol
concentration was increased in both primiparous and multiparous cows in the current
study. But, Colakoglu et al. (2017) reported that primiparous cows had lower cholesterol
concentration than multiparous cows. The difference in plasma triglycerides among
treatments in the present work was similar to that of Rukkwamsuk et al. (1999). Liver
accumulates high amount of triglycerides in cows with nutritional deficiency
(Rukkwamsuk et al., 1999). Liver accumulation of triglycerides was associated with
impaired fertility (Drackley et al., 2001).
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The average plasma urea concentration at calving (23.56 mg/dl) reported by Khan et al.
(2011) was similar to the average plasma urea values of cows in T, (23.3 mg/dl) and T3
(24.7 mg/dl) but lower than the average plasma urea values of cows in Ty (42.2 mg/dl) of
the present study which could be related to cows in T; received non formulated rations.
Zhangrui et al. (2015) showed that the circulating urea concentration was highly
correlated to changed expression levels of many genes in the endometrium shortly after
calving. These were predominantly associated with tissue repair, innate immunity and
lipid metabolism. Increased plasma or milk urea nitrogen concentrations are highly
correlated with decreased fertility in cows (Wittwer et al., 1999). Also Butler (2001)
reported that increased plasma urea concentrations may interfere with the normal
inductive actions of progesterone on the micro-environment of the uterus and, thereby,
causing suboptimal conditions for support of embryo development. The total protein
concentration in early post-partum cows reported by Sheikh et al. (2017) was comparable
with the average plasma total protein values of cows in T, and T but slightly lower than

the values of cows in Ty,which could be due to non formulated ration in T; (Table 26).

Barbara et al. (2016) reported comparable results of AST concentration in blood of dairy
cows at day 3, 5 and 28 post-calving. The insulin concentration at week 1 after calving
reported in Wiedemann et al. (2013) was similar to the average plasma insulin values of
the current results (Table 27). But unlike the current results, the authors failed to report
statistically not significant differences (P>0.05) in insulin concentration 1.7 mU/Il, 3.0
mU/l and 6.9 mU/I for week 1, 2 and 3 post-calving, respectively, which could be related
to individual factors, geographical location and ration differences. Gong et al. (2002) also
reported that plasma insulin concentrations decreased during the first week post-partum
and then increased with time during their 50 days experimental feeding period. The
maintenance of progesterone synthesis requires insulin, which facilitates lipoprotein
utilization in bovine luteal cells (Hag, 1992; Poff et al., 1998).
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5.2.6. Post-partum fertility and related problems

Post-partum body condition score (BCS) at the service of cows of the present study was
higher for cows from T, (3.3) and T3 (3.2) than T; (2.5) though not significantly different
(P>0.05). The BCS is linked to stored energy fat reserves which in turn related to the
energy balance and fertility (Chagas et al., 2007). Berry et al. (2006) showed that cows
on higher feeding levels or a balanced diet mobilized less stored fat and will have a good
BCS in early lactation than cows on lower feeding levels. First and second parity cows
showed higher BCS than third and fourth parity cows. Similarly, Bewley et al. (2008)
noted that loss in BCS tends to increase with increasing parity and first-parity cows are
generally managed to calve in the greater BCS than later-parity cows. Chamberlain and
Wilkinson (1996) also reported that the energy status of the cow, seen by the change in
the BCS, also affects fertility.

5.2.6.1. Conception and pregnancy rates

The day-21 average plasma progesterone concentrations were greater than 6 ng/ml (Table
28). Similar to these results, Dhami et al. (2017) reported that the mean plasma
progesterone values were found to be maximum (>6 ng/ml) in pregnant cows. Lobago et
al. (2009) also reported plasma progesterone concentrations of 1.7-8.9 ng/mL at the 4™
week of pregnancy that remained elevated throughout the gestation period in crossbred

dairy cows.

As diagnosed by ultrasonography, the overall day-30 pregnancy rate was 88.9% (Table
29) and differences were statistically not significant (P>0.05) (Table 31). Unlike the
current results, the pregnancy rate was statistically (P<0.05) affected by feeding
interventions (Alam and Sarder, 2010).The authors also noted that parity did not
significantly affect pregnancy rate. Stangaferro et al. (2017) mentioned that pregnancy
per Al in primiparous cows was higher than multiparous cows. The probable reasons

might be due management and/or feeding differences and uterine infections which
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frequently develop in cows having repeated parities than primiparous cows. The uterine

involution will be delayed in cows with post-partum endometritis (Bruun et al., 2002).
5.2.6.2. Post-partum infertility

Two cows (16.7%) remained post-partum anoestrus during the 90 days experimental
period and they were diagnosed to have cystic corpus luteum (CL) on ultrasound, while
one cow (8.3%) was repeat breeder and diagnosed to have mild endometerities which
might be due to abnormal ovarian activity (Table 30). As studied by Mojtaba and
Abdolah (2010), cows with abnormal ovarian activity had more days open and required
more inseminations per conception compared to that of cows with normal ovarian activity
and progesterone profiles. Additionally, Khan et al. (2016) also reported that post-partum
anoestrus as the most common cause of infertility in cows followed by repeat breeding.
Anoestrus was observed in fourth parity cows, but it was statistically not significant
(P>0.05) from other parity groups (Table 31). Comparable with the present results, Khan
et al. (2016) reported significantly higher post-partum anoestrus cases in third parity
followed by 4-5™ parity cows. The same authors further indicated a lower incidence of
reproductive disorders in first parity cows. The variation could probably be due to cows
having parity higher than 3 develop uterine infections due to the delayed involution of the
uterus and chances of endometritis. Balendran et al. (2008) stated that lower pregnancy
rate was observed in higher parity animals. Couto et al. (2013) revealed that in post-
partum cows, endometritis was the major cause of poor fertility and delayed conceptions.
Cows with high milk production have the highest incidence of infertility under some
circumstances; however, epidemiological studies indicate that, in addition to milk
production, other factors such as calving disorders, post-partum negative energy balance,
uterine infections, heat stress, and nutrition may contribute to decreasing reproductive
efficiency in dairy herds (Leroy et al., 2008). Similar to the present results, primiparous
cows are at higher risk of clinical endometritis compared to second-parity cows
(Aghamiri et al., 2014).
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

Based on the results of the present study, it could be concluded that the educational level
of dairy producers was diverse, most dairy farms were male headed and young people
were not participating in the dairy production systems. In most of the areas, the family
size was high, dairy production was the main occupation and there was high crossbred
cows preference over local cows for generating income. All farmers use separate housing
system to keep their dairy cattle and stall feeding was the main feeding system. Artificial

insemination was described as the prime breeding system practiced in the dairy farms.

Overall, the better average daily milk yield was in Bishoftu, Holetta and urban Sululta
dairy farms. The shortest and longest age at first service of dairy heifers was in Bishoftu
and peri-urban Assela, respectively. The number of services per conception was greater
in Bishoftu than other areas. The calving to conception interval was longer in peri-urban
Assela. High feed costs, land scarcity and space limitation as well as feed quality,
availability and costs were the primary constraints of dairy production. Despite the
existing problems, demand for milk consumption, research institutions, income
generation and employment opportunities, service providers and infrastructure were the
opportunities for dairy development in the study areas. Crop residues, concentrates, hay,
communal pasture, private pasture, improved forage and backyard forage were the
common feed resources used for dairy cattle. Wheat straw, barely straw and teff straw
were among the mainly used crop residues. The provisions of feed supplements and water

were mainly practiced twice a day in the dairy farms.

Good quality agro-industrial byproducts alone can be used as suitable feed ingredients in
formulating dairy ration when they are formulated according to the cows’ requirements
and stage of production. Appropriate and separate feeding schedule of dairy cows during

pre-calving period improves post-calving milk production, body condition score,
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initiation of ovarian cyclicity and calving to conception intervals. Generally, feed

supplementation, in terms of providing a formulated ration with the easily available feed

ingredients in the cows’ diet found that increasing in milk yield and improves

reproductive performances. The average plasma cholesterol at calving, triglycerides at

week one after calving, total protein at week two after calving and urea concentrations at

calving, week one and two after calving were varied with the ration differences. But the

early post-partum average plasma glucose, albumin, globulin, AST, insulin and

progesterone concentrations were not varied by the ration differences.

6.2. Recommendations

From the present study it could be recommended that

>

The great potential of urban and peri-urban dairy production in sustaining food
security of the farmers, generating family income and creating job opportunity would
be considered and experts and different institutions should work together with the
farmers to fill the existing gaps and improve production. Dairy technologies, creating
awareness and knowledge transfer should be the priority areas.

Further on farm monitoring and evaluation researches with wider area converges
should be done on the proper use of available feed resources, feeding and watering
practices to evaluate the productive and reproductive performances of crossbred dairy
COWS.

There was laboratory equipments and expertise limitation to measure non-esterified
fatty acids (NEFA) which is a good indicator of negative energy balance in dairy
cows. Thus, it should be fulfilled at least at government level to improve dairy
production.

Further experiments that use large number of dairy cattle, different ration
formulation, different genetics and with high quality roughage feeds should be
conducted to investigate the more appropriate agro-industrial by-products for dairy

ration formulation.

125



7. REFERENCES

Ababu D. (2002): Evaluation of performance of Borana cows in the production of
crossbreddairy heifers at Abernosa ranch Ethiopia. MSc Thesis, Alemaya University,
Dire Dawa, Ethiopia. 38p.

Abate T., Abule E. and Nigatu L. (2010): Traditional rangeland resource utilization
practices and pastoralists’ perceptions on land degradation in South-East Ethiopia.
Tropical Grasslands, 44: 202-212.

Abdirahin A. and Kefyalew G. (2015): Assessment of Dairy Cattle Feed Resources in
Fafan Town Eastern Ethiopia. European Journal of Biological Sciences, 7(2): 50-54.

Abebaw N. and Solomon M., (2008): Effects of Rice bran and Noug Seed (Guizotia
abyssinica) Cake Supplementation on Feed Utilization and Body weight change of
Farta Sheep. Tropical Animal Health and Production, 41: 507-515.

Abebe B., Zelalem Y., Mitiku E., Mohammed Y., and Getenet A. (2017): Socio-
economic characteristics of dairy production in the selected areas of Ethiopian
central highlands.Journal ofVeterinary Medicine and Animal Health, 9(8): 193-203.

Adebabay K. (2009): Characterization of milk production systems, marketing and on-
farm evaluation of the effect of feed supplementation on milk yield and composition
at Bure District, Ethiopia. MSc. Thesis, Bahirdar University, Bahirdar, Ethiopia.

Adugna T. (2008): Feed resources and feeding management: A manual for feedlot
operators and development workers. Ethiopia Sanitary & Phytosanitary Standards
and Livestock & Meat Marketing Program (SPS-LMM) USAID, Ethiopia. 38p.

Adugna T. (2009): Livestock feed supply situation in Ethiopia. ESAP (Ethiopian Society
of Animal Production). Proceedings of the 16" Annual Conference of the Ethiopian
Society of Animal Production (ESAP) held in Addis Ababa, Ethiopia, October 8-10,
2008. 195p.

Adugna T., Getnet A., Diriba G., Lemma G. and Alemayehu M. (2012):Livestock Feed
Resources in Ethiopia:Challenges, Opportunities and the Need for Transformation.
Ethiopian Animal Feeds Industry Association. pp.5.

Afzal M., Anwar M. and Mirza M.A. (2007): Some Factors affecting milk yield and
lactation length in Nili Ravi Buffaloes. Pakistan Veterinary Journal, 27: 113-117.

126



Agajie T., Chilot Y., Mengistu A., Elias Z. and Aster Y. (2002): Smallholder
livestockproduction systems and constraints in the highlands of North and West
Shewa zones. PP. 49-71. In: Proceedings of the 9th Annual Conference of the
Ethiopian Society of AnimalProduction (ESAP) held in Addis Ababa, Ethiopia,
August 30-31, 2001.

Aghamiri S.M., Haghkhah M., Ahmadi M.R. and Gheisari H.R. (2014): Development of
a Multiplex PCR for the identification of major pathogenic bacteria of post-partum
endometritis in dairy cows. Reproduction in Domestic Animals, 49: 233-238.

Ahmed H. (2006): Assessment and Utilization Practice of Feed Resources in Basona
WoranaWereda of North Shoa. MSc Thesis, Haramaya University, Dire Dawa,
Ethiopia. 131p.

Ahmed M.M., Bezabih E., Jabbar M.A., Tangka F., Ehui S. (2003): Economic and
nutritional impacts of market-oriented dairy production in the Ethiopian highlands.
Socio-economics and Policy Research Working Paper 51. ILRI (International
Livestock Research Institute), Nairobi, Kenya. pp 27.

Ahmed T.U. (2006): Studies on nutritional status of dairy cows of Bangladesh and
improvement their productive and reproductive performance in Baghabarighat area
through nutritional manipulation. PhD Thesis, Department of Animal Nutrition,
Faculty of Animal Husbandry, Bangladesh Agricultural University, Mymensingh.

Alam M.M. and Sarder M.J.U. (2010): Effects of nutrition on production and
reproduction of dairy cows in Bangladesh. The Bangladesh Veterinarian, 27(1): 8-
17.

Alam M.G.S., Ghosh A., Mondal A.K. and Akbar M.A. (2001): Supplementation and
puberty of Zebu calves of Bangladesh. The Bangladesh Veterinarian, 18: 1-8.

Alemayehu M. (1985): Feed resource in Ethiopia. In: Proceedings of the second
PANESA Workshop on Animal Feed Resources for Small Scale Livestock
Producers. Nairobi, Kenya, November 11-15, 1985. Pp35.

Alemayehu M. (1998): The Boran And The 1991-92 Drought: A Rangeland And
Livestock Resources Study, Institute Of Sustainable Development, Addis Ababa,
Ethiopia.

Alemayehu M. (2004): Pasture and Forage Resource profiles of Ethiopia. Ethiopia/FAO.
Addis Ababa, Ethiopia. Pp 51.

127



Alemselam B., Christopher R.H., Goitom G., Desalew T., Gidena D., Tadesse G., Simon
C.R. (2015): Assessment of Reproductive Performance and Problems in Crossbred
(Holstein Friesian X Zebu) Dairy Cattle in and Around Mekelle, Tigray, Ethiopia.
Animal and Veterinary Sciences, 3(3): 94-101.

Alemshet Birhanemeskel (2014):Evaluation of the reproductive performance of crossbred
dairy cows (HF x zebu) and artificial insemination service efficiency in and around
Adigrat, Northern Ethiopia. MSc Thesis, Haramaya University, Ethiopia. 31p.

Alganesh Tola (2002): Traditional milk and milk products handling practices and raw
milk quality in Eastern Wollega. MSc Thesis, Alemaya University, Dire Dawa,
Ethiopia. 108p.

Anderson F.M. (1987): Farmers Circumstances in Ethiopia and the Improvement of
Animal Feed Resources. In: J.A. Katejile, A.N. Said and H.D. Dzowela (eds.).
Animal Feed Resources for Small-scale Livestock Production. Proceedings of the 2™
Pastures Network for Eastern and Southern Africa (PANESA) Workshop Held in
Nairobi, Kenya, November 11-15, 1985. pp. 209-219.

Anteneh B. (2006): Studies on cattle milk and meat production in Fogera woreda:
Production systems, constraints and opportunities for development. MSc thesis,
Hawassa University, Hawassa, Ethiopia, pp: 54.

AOAC (Association of Official Analytical Chemist) (1990): Official Method of Analysis
(13"ed) 15" ed AOAC Arlington, Verginia, USA, pp. 12-98.

AOAC (Association of Official Analytical Chemists) (1995): Official Methods of
Analysis. 16™ ed. AOAC International, Arlington, VA. USA.

AOAC (Association of Official Analytical Chemists) (2005):(Official Methods of
Analysis of AOAC International, 18" ed. Gaithersburg, Maryland, USA, A.0.A.C
International.

Ararsa D. and Wubishet Z. (2014): Major reproductive health problems of indigenous
Borena cows in Ethiopia. Journal of Advanced Veternairy and Animal Research,
1(4): 182-188.

Arsham H. (2007): Business statistical decision science and systems stimulation Merric
School of business Charles at Mount Royal, Baltimore, Maryland, 2120, University
of Baltimore, UAS, Pp 100.

128



Asaminew T. and Eyassu S. (2009): Smallholder Dairy Production System and
Emergence of Dairy Cooperatives in Bahir Dar Zuria and Mecha Woredas,
Northwestern Ethiopia. World Journal of Dairy & Food Sciences, 4(2): 185-192.

Aschalew A. and Malede B. (2013): Effect of supplementation of raw, malted and heat
treated grass pea (Lathyrus sativus) grain on feed intake and digestibility of Farta
Sheep. Global Veterinaria, 11(5): 579-584.

Ashagre A. (2008): Effect of Nitrogen Fertilizer and harvesting stage on yield and quality
of natural pasture in Fogera district, North western Ethiopia. MSc. Thesis, Haramaya
University, Ethiopia. 94p.

Asimwe L. and Kifaro G.C. (2007): Effect of breed, season, year and parity on
reproductive performance of dairy cattle under smallholder production system in
Bukoba district, Tanzania. Livestock Research for Rural Development, 19(10).
Available http://www.Irrd.org/lrrd19/10/asim19152.htm.

Asrat A., Feleke A. and Ermias B. (2016): Characterization of Dairy Cattle Production
Systems in and around Wolaita Sodo Town, Southern Ethiopia. Scholarly Journal of
Agricultural Science, 6(3): 62-70.

Asrat A., Zelalem Y., and Ajebu N. (2013): Characterization of milk production systems
in and around Boditti, South Ethiopia. Livestock Research for Rural Development,
25(10). Available at www.Irrd.org/lrrd25/10/ayza25183.htm.

Assaminew S. and Ashenafi M. (2015): Feed formulation and feeding impact on the
performance of dairy cows in Central Highland of Ethiopia. Livestock Research for
Rural Development, 27(4). Available at
http://www.lrrd.org/lrrd27/4/assa27073.html.

Assefu G. (2012): Comparative Feedlot Performance of Washera and Horro sheep fed
different roughage to concentrate ratio. MSc. Thesis, Haramaya University, Ethiopia.
129p.

ATA (Agricultural Transformation Agency) (2012): Livestock value chain programs.
http:// www.ata.gov.et/ programs/value chain programs/livestock/.

Atkins J.A., Smith M.F., Wells KJ. and Geary T.W. (2010): Factors affecting
preovulatory follicle diameter and ovulation rate after gonadotropin-releasing
hormone in postpartum beef cows. Part I: Cycling cows. Journal of Animal Science,
88: 2300-2310.

129


http://www.lrrd.org/lrrd19/10/asim19152.htm
http://www.lrrd.org/lrrd25/10/ayza25183.htm
http://www.lrrd.org/lrrd27/4/assa27073.html

Ayalew Mekonnen (2017): Milk Production, Handling, Processing and Marketing in
Three Dairy Production Systems of South Wollo Zone, Amhara Region, Ethiopia.
MSc thesis, Bahir Dar University, Bahir Dar, Ethiopia. Pp 30.

Ayantu M., Haile A., Dessie T. and Mekasha Y. (2012): On farm characterization of
Horro cattle breed production systems in western Oromia, Ethiopia. Livestock
Research for Development, 24(6). Available at
http://www.lrrd.org/lrrd24/6/meko24100.htm.

Ayele Abebe (2012): Small-holder farms livestock management practices and their
implicationson livestock water productivity in mixed crop-livestock systems in
thehighlands of Blue Nile basin:A case study from Fogera, Diga and Jeldu districts
(Ethiopia). MSc Thesis, Hawassa University, Hawassa, Ethiopia. 42 pp.

Aynalem H., Workneh A., Noah K., Tadele D., Azage T. (2011): Breeding strategy to
improve Ethiopian Boran cattle for meat and milk production. IPMS (Improving
Productivity and Market Success) of Ethiopian Farmers Project. Working Paper No.
26. ILRI (International Livestock Research Institute), Nairobi, Kenya.

Azage T., Awet E., Asrat T. and Hoekstra D. (2012): Technological option and
approaches to improve smallholder access to desirable animal genetic material for
dairy development: IPMS Experience with hormonal oestrus synchronization and
mass insemination in Ethiopia.

Azage T., Berhanu G., Dirk H., Berhanu B. and Yoseph M. (2013): Smallholder dairy
production and marketing systems in Ethiopia: IPMS experiences and opportunities
for market-oriented development. Improving Productivity and Market Success of
Ethiopian Farmers Project (IPMS) working paper 31. International Livestock
Research Institute (ILRI), Addis Ababa, Ethiopia.

Azage T., Gebremedhin B., Hoekstra D. (2010): Livestock input supply and service
provision in Ethiopia: Challenges and opportunities for market-oriented
development. IPMS Working Paper 20. International Livestock Research Institute
(ILRT), Nairobi, Kenya.

Azage T., Workneh A., Berhanu G. and Fernandez-Rivera S. (2003): Opportunities for
improving dairy production in Ethiopia. In Proceedings of Ethio-Forum 2002
Resource Management for Poverty Reduction: Approaches.

130



Azage T. (2003): Financing market-oriented dairy development. The case of Ada’a-Liben
Woreda Dairy Association. Urban Agriculture Magazine (the Netherlands), 9:25-27.

Azage T. (2004): Urban livestock production and gender in Addis Ababa, UA-Magazine,
4:30-31.

Azage T., Million T., Alemu Y. and Yoseph M. (2006): Market-oriented urban and peri-
urban dairy systems, Urban Agriculture Magazine, 2: 23-24.

Badtram G.A., Gaines J.D., Thomas C.B., and Bosu W.T.K. (1991): Factors influencing
the accuracy of early pregnancy detection in cattle by real-time ultrasound scanning
of the uterus. Theriogenology, 35: 1153-1167.

Bainesagn W. (2016): Smallholder Cattle Production Systems and Husbandry
Management in West Shewa Zone of Oromia Regional State, Central Ethiopia.
World Scientfic News, 53(3): 178-188.

Balendran A., Gordon M., Pretheeban T., Singh R., Perera R. and Rajamahedran R.
(2008): Decreased fertility withincreasing parity in lactating dairy cows.Canadian
Journal of Animal Science, 88: 425-428.

Banerjee G.C. (2009): A textbook of animal husbandry. 8" Edi. Oxford and IBH
publishing Co. Pvt. Ltd. New Dehli.

Barbara S., WIlodzimierz N., Ewa Pruszynska-Oszmalek, Robert M., Daniel S.,
Matgorzata Kasprowicz-Potocka, Andrzej F. and Pawel M. (2016): The effect of
body condition score on the biochemical blood indices and reproductive
performance of dairy cows. Annals of Animal Science, 16(1):129-143.

Bastin C., Loker S., Gengler N., Sewalem A. and Miglior F. (2010): Genetic relationships
between body condition score and reproduction traits for Canadian Holstein and
Ayrshire first-parity cows. Journal of Dairy Science, 93: 2215-2228.

Bayush T., Adugna T. and Trygve B. (2008): Livestock production and feed
resourceconstraints in Akaki and Lume Districts, Central Ethiopia. Outlook on
Agriculture, 37(1): 15-21.

Bebe B.O., Udo H.M.J., Rowlands G.J. and Thorpe W. (2003): Smallholder dairy
systems in the Kenya highlands. Cattle population dynamics under increasing
intensification. Livestock Production Science, 82: 211-221.

131



Bee J.K.A., Msanga Y.N. and Kavana P.Y. (2006): Lactation yield of crossbred dairy
cattle under farmer management in Eastern coast of Tanzania.Livestock Research for
Rural Development, 18(2). Available at http://www.lrrd.org/Irrd18/2/bee18023.htm.

Behnke R. and Metaferia F. (2011): The Contribution of Livestock to the Ethiopian
Economy- Part 11, IGAD Livestock Policy Initiative (LPI) Working Paper No. 1995.
02-11. www.igad-Ipi.org/publication/ docs/IGADLPI-WP-02-11-Part I1.

Bekele A., Fekadu B. and Mitiku E. (2015): Handling, processing and marketing of cow
milk in urban and peri urban area of Dangila Town, Western Amhara Region,
Ethiopia. Global Journal of Food Science and Technology, 3(3): 159-174.

Belay D. and Geert P.J. (2016): Smallholder Dairy Farmers’ Breed and Cow Trait
Preferences and Production Objective in JimmaTown, Ethiopia. European Journal
of Biological Sciences, 8(1): 26-34.

Belay D. and Geert P.J.J. (2016): Assessment of feed resources, feeding practices and
coping strategies to feed scarcity by smallholder urban dairy producers in Jimma
town, Ethiopia. SpringerPlus, 5(1):717.

Belay D., Yisehak K. and Janssens G.P.J. (2012): Productive and reproductive
performance of Zebu X Holstein-Friesian crossbred dairy cows in Jimma Town,
Oromia, Ethiopia. Global Veterinaria, 8 (1): 67-72.

Belay D., Yisehak K. and Janssens G.P.J. (2011): Analysis of Constraints Facing Urban
Dairy Farmers and Gender Responsibility in Animal Management in Jimma Town.
Libyan Agriculture Research Center Journal International, 2(4): 155-160.

Belayneh E. (2012): Evaluation of Artificial Insemination Service Efficiency and
Reproductive Performance of Crossbred Dairy Cows in North Shewa Zone,
Ethiopia. MSc Thesis, Haramaya University, Haramaya, Ethiopia.

Belete Anteneh (2006): Studies on cattle milk and meat production in Fogera district:
Production systems, constraints and opportunities for development. MSc Thesis.
University of Hawassa, Awassa, Ethiopia.

Belete A., Azage T., Beyene F., Gebremedhin B. (2010): Cattle milk and meat production
and marketing systems and opportunities for market orientation in Fogera woreda,
Amhara region, Ethiopia. IPMS (Improving Productivity and Market Success) of
Ethiopian Farmers Project Working Paper 19. ILRI (International Livestock
Research Institute), Nairobi, Kenya. pp 65.

132



Bernabas A., Zewdu W. and Michael A. (2017): Survey on Farmers Husbandry Practice
for Dairy Cows in Alefa and Quara Districts of North Gondar Zone, Amhara
National Regional State, Ethiopia. International Journal of Animal Science, 1(2):
1010.

Berry D.P., Buckley F., Dillon P., Evans R.D., Rath M. and Veerkamp R.F. (2003):
Genetic relationships among body condition score, body weight, milk yield, and
fertility in dairy cows. Journal of Dairy Science, 86: 2193-2204.

Berry D.P., Veeerkamp R.F. and Dillon P. (2006): Phenotypic profile for body weight,
body condition score, energy intake, and energy balance across different parities and
concentrate feeding levels. Livestock Science, 104: 1-12.

Bertolini M., Mason J.B., Beam S.W., Carneiro G.F., Sween M.L., Kominek D.J., Moyer
A.L., Famula T.R., Sainz R.D. and Anderson G.B. (2002): Morphology and
morphometery of in vivo- and in vitro-produced bovine concepti from early
pregnancy to term and association with high birth weights. Theriogenology, 58: 973—
994.

Bewley J.M. and Schutz M.M. (2008): Review: an interdisciplinary review of body
condition scoring for dairy cattle. Professional AnimalScientist, 24: 507-529.

Binyam K. (2008): Cottage cheese production in Shashemane and the role of Rue
(Rutachalepensis) and garlic (Allium sativum) on its quality and shelf life. MSc
Thesis, Hawassa University, Hawassa, Ethiopia.

Biochard D. and Manfredi E. (1994): Genetic analysis of conception rate in French
Holstein cattle. Acta Agriculture Scandinavica, Section A — Animal Science, 44:
138-45.

Bousquet D., Bouchard E., DuTremblay D. (2004): Decreasing fertility in dairy cows:
Myth or reality? Proc. 23 World Buiatrics Congress, Quebec City, Canada, July 11-
16, 2004, 6 pp (http://www.ivis.org/proceedings/wbc/wbc2004/\WBC2004-
Bousquet-ang-simplel.pdf).

Breukelman S.P., Szenci O., Beckers J.F., Kindahl H., Mulder E.J.H., Jonker F.H., van
der Weijden B., Revy D., Pogany K., Sulon J., Nemedi I. and Taverne M.A.M.
(2005): Ultrasonographic appearance of the conceptus, fetal heart rate and profiles of
pregnancyassociated glycoproteins (PAG) and prostaglandin F2—metabolite (PG F2-
metabolite) after induction of fetal death with aglepristone during early gestation in
cattle. Theriogenology, 64: 917-933.

133



Breukelman S.P., Reinders J.M.C., Jonker F.H., de Ruigh L., Kaal L.M.T.E., van
Wagtendonke-de Leeuw A.M.W., Vos P.L.A.M., Dieleman S.J., Beckers J.F.,
Perenyi Z.S. and Taverne M.A.M. (2004): Foetometry and foetal heart rates between
day 35 and 108 in bovine pregnancies resulting from transfer of either MOET, I\VP-
co-culture or IVP-SOF embryos. Theriogenology, 61: 867—882.

Broderick G.A. (2003): Effects of varying dietary protein and energy levels on the
production of lactating dairy cows. Journal of Dairy Science, 86: 1370-1381.

Bruun J., Ersbull A.R. and Alban L. (2002): Risk factors for metritis in Danish dairy
cows. Preventive Veterinary Medicine, 54: 179-190.

Burle P.M., Mangle N.S., Kothekhar M.D. and Kalorey D.R. (1995): Blood biochemical
profiles during various reproductive states of Sahiwal and Jersey X Sahiwal cattle.
Livestock Advances, 20: 13-20.

Butler S.T., Bork A.L., Pelton S.H., Radcliff R.P., Lucy M.C., Butler W.R. (2003):
Insulin restores hepatic growth hormone (GH) responsiveness during lactation-
induced negative energy balance in dairy cattle: effects on expression of insulin-like
growth factor-1 and GH receptor 1A. Journal of Endocrinology, 176:205-217.

Butler S.T., Pelton S. H.and Butler W.R. (2006): Energy balance, metabolic status, and
the first postpartum ovarian follicle wave in cows administered propylene glycol.
Journal of Dairy Science, 89(8): 2938-2951.

Butler W.R. (2001): Nutritional effects on resumption of ovarian cyclicity and conception
rate in postpartum dairy cows. British Society of Animal Science, Occasional
Publication No. 26:133-145.

Butler W.R. (2003): Energy balance relationships with follicular development, ovulation
and fertility in postpartum dairy cows. Livestock Production Science, 83: 211-218.

CACC (Central Agricultural Census Commission) (2003): Ethiopian Agricultural sample
Enumeration, 2001/02. Results of country level: Statistical Report on socio-
economic characteristics of the population in agricultural household, land use, area
and production of crops. Part I. (July, 2003), Addis Ababa, Ethiopia.

Cassell B.G. (2001): Breeding the herd instead of a cow. Genetic Improvement
Collections. National Dairy Data base, Virginia, USA.

134



Castillo A.R., Kebreab E., Beever D.E., Barbi J.H., Sutton J.D., Kirby H.C. and France J.
(2001): The effect of protein supplementation on nitrogen utilization in lactating
dairy cows fed grass silage diets. Journal of Animal Science, 79: 247-253.

Cengic B., Varatanovic N., Mutevelic T., Katica A., Mlaco N. and Cutuk A. (2012):
Normal and abnormal uterine involution in cows monitored by ultrasound.
Biotechnology in Animal Husbandry, 28(2): 205-217.

Chags L.M., Bass J.J., Blache D., Burke C.R., Kay J.K., Lindsay D.R., Lucy M.C.,
Martin G.B., Meier S., Rhodes F.M., Roche J.R., Thatcher W.W., Webb R. (2007):
New perspectives on the roles of nutrition and metabolic priorities in the sub-fertility
of high-producing dairy cows. Journal of Dairy Science, 90: 4022-4032.

Chamberlain A.T. and Wilkinson J.M. (1996): Feeding the dairy cow. Chalcombe
publications, UK, 151.

Chantiratikul A., Piyanete C. and Chumpawadee S. (2009): Effect of dietary Phosphorous
on nutrient and Phosphorous digestibility in Thai-Indigenous X Brahma crossbred
cattle. Medwell, publishing. Journal of Animal and Veterinary Advances, 8(8): 1558-
1562.

Charfeddine N. (2000): Economic aspects of defining breeding objectives in selection
programmes. In: D Gabifia (ed.). Analysis and definition of the objectives in genetic
improvement programmes in sheep and goats. An economic approach to increase
their profitability. Zaragoza: CIHEAM, 2000. p. 9-17.

Chauhan F.S. Mgongo F.O. K. and Kessey B.M. (1984): Recent advances in normal
therapy in bovine reproductive disorders: A review. Veterinary Bulletin, 54: 991-
1009.

Cheeke P.R. (1991): Applied Animal Nutrition, Feeds and Feeding. New York.

Church D.C. and Pond, W.C. (1982): Basic Animal Nutrition and Feeding Record. John
Wileyand Sons, U.S.A. 1135p.

Colakoglu H.E., Polat .M., Vural M.R., Kuplulu S., Pekcan M., Yazlik M.O., Baklaci C.
(2017): Associations between leptin, body condition score, and energy metabolites in
Holstein primiparous and multiparous cows from 2 to 8 weeks postpartum. Journal
of Veterinary Medicine, 168 (4-6): 93-101.

135



Couto G.B., Vaillancourt D.H. and Lefebvre R.C. (2013): Comparison of leucocyte
esterase test with endometrial cytology for diagnosis of subclinical endometritis in
postpartum dairy cows. Theriogenology, 79: 103-107.

CSA (Central Statistical Agency) (2008): Livestock and Livestock Characteristics,
Agricultural Sample Survey. Statistical Bulletin. 188p.

CSA (Central Statistical Agency) (2011): Agricultural sample survey. Volume Il. Report
on Livestock and Livestock Characteristics (Private Peasant Holdings). The Federal
Democratic republic of Ethiopia, Statistical Bulletin 505, Addis Ababa, Ethiopia. pp
9-26.

CSA (Central Statistical Agency) (2013): Agricultural sample survey. Volume Il. Report
on Livestock and Livestock Characteristics (Private Peasant Holdings). The Federal
Democratic republic of Ethiopia, Statistical Bulletin 570, Addis Ababa, Ethiopia.

CSA (Central Statistical Agency) (2014): Agricultural sample Survey 2013/14 (2006
E.C.): Volume Il. Report on livestock and livestock characteristics (private peasant
holdings). Federal Democratic Republic of Ethiopia, Statstical Bulletin 573, Addis
Ababa, Ethiopia. Pp. 33.

CSA (Central Statistical Agency) (2017): Agricultural sample survey. Report on
livestock and livestock characteristics. The Federal Democratic republic of Ethiopia,
Statistical Bulletin 585, Addis Ababa, Ethiopia.

CSA (Central Statistical Authority) (2012): Agricultural Sample Survey of the 2012/13
National Statistics report on livestock and livestock characteristic. Volume 11, April,
2010, Addis Ababa, Ethiopia.

CSA (Central Statistics Agency) (2003): Ethiopian Agricultural Sample Enumeration.
Result at Country Level. Central Statistics Authority, Addis Ababa, Ethiopia. pp.
250-350.

CSA (Central Statistics Authority) (2008):Central Statistics Authority of the Federal
Democratic Republic of Ethiopia. Agricultural sample survey 2007/2008. Vol. II.
Report on livestock and livestock characteristics. Statistical bulletin. Addis Ababa,
Ethiopia: CSA.

Curtis C.R., erb H.N., Sniffen C.J., Smith R.D. and Kronfield D.S. (1985): Path analysis
of dry period nutrition, postpartum metabolic and reproductive disorders, and
mastitis in Hostein cows. Journal of Dairy Science, 68(9): 2347-2360.

136



CVB (Central Bureau for Livestock Feeding) Table book-animal feeding (2012):Feeding
standards for farm animals and nutrition values of animal feeds, Series no
50.CVB, The Hague, the Netherlands.

D’occhio M.J., Neish A. and Broadhurst L. (1990): Differences in gonadotrophin
secretion postpartum between Zebu and European breed cattle. Animal Reproduction
Science, 22: 311-317.

Damgaard B.M., Weisbjerg M.R. and Larsen T. (2013): Priming the cow for lactation by
rapeseed supplementation in the dry period. Journal of Dairy Science, 96: 3652—
3661.

Daniel K. (1988). Role of crop residues as livestock feeds in Ethiopian Highlands. PP.
430-439. In: B.H. Dzzowela (eds.). Proceedings of a Workshop on African Forage
Plant Genetic Resources, Evaluation of Forage Germplasm and Extensive Livestock
Production Systems. Arusha, Tanzania,. 27-30 April 1987.

Darfour-Oduro K.A., Sottie E.T., Hagan B.A. and Okantah S.A. (2010): Milk yield and
lactation length of Ghana Sanga and its crosses with the Friesian raised under agro-
pastoral system. Tropical Animal Health and Production, 42 (3): 349-356.

Dawit T. and Ahmed S. (2013): Reproductive health problems of cows under different
management systems in Kombolcha, Northeast Ethiopia. Advances in Biological
Research, 7: 104-108.

de Leeuw P.N., Omore A., Staal S. and Thorpe W. (1996): Dairy production systems in
the tropics. The University of Melbourne, Thailand Research Funds, and ILRI,
(International Livestock Research Institute), Nairobi, Kenya. pp. 19-37.

De Vries A. and Risco C.A. (2005): Trends and seasonality of reproductive performance
inFlorida and Georgia dairy herds from 1976 to 2002. Journal of Dairy Science, 88:
3155-3165.

De Vries A., Van Leeuwen J. and William W. (2012): Economics of improved
reproductive performance in dairy cattle. University of Florida, Institute of Food and
Agricultural Sciences, Cooperative Extension Service, Gainesville, 32611.

Dehinenet G., Mekonnen H., Ashenafi M., Kidoido M. and Guerne Bleich E. (2016):
Value Chain and Marketing System Analysis of Raw Milk in Selected Areas of
Amhara and Oromia National Regional States, Ethiopia. Journal of Animal
Production Advances, 6(3): 919-933.

137



Dejene T. (2014): Assessment of Dairy Cattle Husbandry and Breeding Management
Practices of Lowland and Mid-Highland Agro-Ecologies of Borana Zone. Animal
and Veterinary Sciences, 2(3): 62-69.

Delgado I. and Randel P.F. (1989): Supplementation of cows grazing tropical grass
swards with concentrates varying in protein level and degradability. Journal of Dairy
Science, 72: 995-1001.

Demeke S., Neser F.W.C.and Schoeman S.J. (2004): Estimates of Genetic Parameters for
Boran, Friesian and Crosses of Friesian and Jersey with Boran cattle in the Tropical
Highlands of Ethiopia:  Reproduction  Traits.  Journal of  Animal
BreedingandGenetics, 121: 57-65.

Dereje Bekele (2015): On Farm Phenotypic Characterization of Indigenous Cattle and
Their Production Systems in Bako Tibe and Gobu Sayo Districts of Oromia Region,
Ethiopia. MSc Thesis, Haramaya University, Haramaya, Ethiopia.

Dereje S. and Yoseph M. (2014): Evaluation of crossbred heifer calves rearing practices
and growth performance in urban and peri-urban dairy systems of Sebeta woreda,
Oromia. Ethiopian Journal of Animal Production, 16(2): 121-132.

Dereje S. and Yoseph M. (2016): Performance evaluation of crossbred dairy cows
inurban and peri-urban dairy systems of Sebeta Awas wereda, oromia, Ethiopia.
Academic Research Journal of Agricultural Science and Research, 4(5): 184-196.

Dereje T., Workneh A. and Hegde B.P. (2005): Survey of traditional cattle production
systems and preferred cattle functions in North and south Wollo zones, Ethiopia.
EthiopianVeterinary Journal, 9(1):91-108.

Dereje Tadesse (2005): On-farm phenotypic characterization of Cattle Genetic Resources
and their production systems in south and north Wollo zones of amhara region, north
eastern Ethiopia. MSc Thesis, Almaya University of Agriculture, Dire Dawa,
Ethiopia. 126p.

Derese T. (2008): Present situation of urban and peri-urban milk production and quality
of raw milk produced in west Shewa zone, Oromia region, Ethiopia. MSc Thesis,
Haramaya University, Haramaya, Ethiopia.

138



DeRouen S.M., Franke D.E., Morrison D.J., Wiatt W.E., Coombs D.F., White T.W.,
Humes P.E. and Greene B.B. (1994): Prepartum body condition and rate influences
on reproductive performance of first-calf beef cows. Journal of Animal Science, 72:
1119-1125.

Desalegn G/Medhin (2011): Performance of artificial insemination: challenges and
opportunities presented by Desalegn G/medhin Ethiopian meat and dairy technology
institute workshop on “alternatives for improving field Al delivery system” ilri/ipms,
august 2011.

Dessalegn G., Berhan T. and Gebreyohanes B. (2016): Dairy Cattle Husbandry Practices
and Constraints Associated with Milk Production in Bishoftu and Akaki Towns of
Oromia Region, Ethiopia. World Journal of Dairy and Food Sciences, 11(2): 141-
149.

Dessalegn G., Berhan T. and Gebreyohanes B. (2016): Study of Reproductive and
Production Performance of Crossbreed Dairy Cattle under Smallholders
Management System in Bishoftu and Akaki Towns. Journal of Reproduction and
Infertility, 7(2): 41-46.

Desta Kelay (2002): Analyses of Dairy Cattle Breeding Practices in Selected Areas of
Ethiopia. PhD thesis, Humboldt-Universitat zu Berlin, Germany.

Destalem Gebremichael (2015): Breeding Practice and Estrus Synchronization
Evaluation of Dairy Cattle in Central Zone of Tigray, Northern Ethiopia. MSc.
Thesis, Jimma University, Ethiopia.

DeVries T.J., von Keyserlingk M.A.G. and Beauchemin K.A. (2005): Frequency of feed
delivery affects the behavior of lactating dairy cows. Journal of Dairy Science, 88:
3553-3562.

DeVries T.J., von Keyserlingk M.A.G. and Beauchemin K.A. (2003): Short
communication: Diurnal feeding pattern of lactating dairy cows. Journal of Dairy
Science, 86: 4079-4082.

Dhami A.J., Theodore V.K., Panchal M.T., Hadiya K.K., Lunagariya P.M. and Sarvaiya
N.P. (2017): Effect of peripartum nutritional supplementation on postpartum fertility
and blood biochemical and steroid hormone profile in crossbred cows. Indian
Journal of Animal Research, 51(5): 821-826.

139



Dhiman T.R., Zaman M.S., Macqueen I.S. and Boman R.L. (2002): Influence of corn
processing and frequency of feeding on cow performance. Journal of Dairy Science,
85(1): 217-226.

Diriba G., Mekonnen H., Ashenafi M. and Adugna T. (2014): Analysis of fluid milk
value chains at two peri-urban sites in western Oromia, Ethiopia: Current status and
suggestions on how they might evolve. Global Veterinaria, 12(1): 104-120.

Diskin M.G. and Sreenan J.M. (1980): Fertilization and embryonic mortality rates in beef
heifers after artificial insemination. Journal of Reproduction and Fertility, 59: 463—
468.

Drackley J.K. (1999): Biology of dairy cows during the transition period: the final
frontier? Journal of dairy science, 82(11): 2259-2273.

Drackleyl.K., OvertonT.R. and DouglasG.N. (2001): Adaptations of glucose and long-
chain fatty acid metabolism in liver of dairy cows during the periparturient period.
Journal of Dairy Science, 84: E100-E112.

Duffield T.F., Lissemore K.D., McBride B.W. and Leslie K.E. (2009): Impact of
hyperketonemia in early lactation dairy cows on health and production. Journal of
Dairy Science, 92: 571-580.

Dziuk P.J., Bellows R. W. (1983): Management of reproduction in beef cattle, sheep and
Pig. Journal of Animal Science, 57: 355-360.

Edmonson A.J., Lean 1.J., Weaver L.D., Farver T. and Webster G. (1989): A body
condition scoring chart for Holstein dairy cows. Journal of Dairy Science, 72: 68-78.

Emebet M. and Zeleke M. (2008): Characteristics and constraints of crossbred dairy
cattle production in lowland areas of Eastern Ethiopia. Livestock Research for Rural
Development, 20(4).Available at http://www.lrrd.org/lrrd20/4/mure20057.htm.

Emebet M. and Zeleke M. (2007): Reproductive Performance of Crossbred Dairy Cows
in Eastern lowlands of Ethiopia. Livestock Research for Rural Development, 19(11).
Available at http://www.lIrrd.org/Irrd19/11/mure19161.htm.

Emebet Moreda (2006): Reproductive Performance of Dairy Cows under Urban Dairy
Production Systems in Dire-Dawa. MSc Thesis, Alemaya University, Dire Dawa,
Ethiopia. 82p.

140



Endale Y., Abule E., Lemma F. and Getnet A. (2016): Feed resources and its utilization
practices by smallholder farmers in Meta-Robi District, West Shewa Zone, Oromiya
Regional State, Ethiopia. Academic Research Journal of Agricultural Science and
Research, 4(4): 124-133.

Endris H., Alemayehu L. and Tefera Y. (2014): Pre-service ultrasonic and manual
evaluation of the reproductive organs of dairy cows presumed to be in estrous.
SpringerPlus, 3: 529. Available at http://www.springerplus.com/content/3/1/529.

Enkhia K.L., Kohli I.S. and Bhatia J.S. (1983): Electrolytes of cervico-vaginal mucus and
blood during oestrus in normal and repeat-breeding Rathi cows. Indian Journal of
Animal Science, 53: 66-68.

Ensiminger M.E. (2002): Sheep and Goat Science. 6" eds. Interstate Publisher, Inc.,
Denville, 1llinois. 510p.

Ensiminger M.E., Oldfield J.E. and Heinemann W.W. (1990): Feeds and nutrition 2™
(Ed).The Ensiminger Publishing Company. 1544p.

Enyew N. (1992): Reproductive performance of local and crossbred dairy cattle at the
Asellalivestock farm. MSc Thesis, Alemaya University, Dire Dawa, Ethiopia. 58p.

Epaphras A., Karimuribo E.D. and Msellem S.N. (2004): Effect of season and parity on
lactation of crossbred Ayrshire cows reared under coastal tropical climate in
Tanzania. Livestock Research for Rural Development, 16(6). Available at
http://www.lrrd.org/Irrd16/6/epap16042.htm.

Eugene M. (2017): Characterization of Cattle Production Systems in Nyagatare District
of Eastern Province, Rwanda. Rheology, 1(2): 107.

Falvey L. and Chantalakhana C. (1999): Smallholder dairying in the Tropics. ILRI
(International Livestock Research Institute), Nairobi, Kenya. 462 pp.

FAO (Food and Agricultural Organizations) (1997): Roughage utilization in Warm
climate. In: FAO Animal Production and Animal Health paper.135p.

FAO (Food and Agriculture Organization of the United Nations) (2008): Country report.
FAO (Food and Agriculture Organization of the United Nations). Addis Ababa,
Ethiopia.

141



FAO (Food and Agriculture Organization) (2011):World Livestock 2011 — Livestock in
food security.FAO. Rome, Italy.

FAO (Food and Agriculture Organization) (2013):Enhancing animal welfare and farmer
income through strategic animal feeding -Some case studies. Edited by Harinder P.
S. Makkar. FAO Animal Production and Health Paper No. 175. Rome, Italy.

Fekede F., Getu K. and Getnet A. (2015):Nutritional Qualities of Agro-Industrial By-
Products and Local Supplementary Feeds for Dairy Cattle Feeding. Ethiopian
Journal of Agricultural Science, 26(1): 13-26.

Fekede F., Shiv P., Getnet A., Getu K. and Seyoum B. (2013): The status of production,
conservation and utilization of natural pasture hay for feeding dairy cattle in the
greater Addis milkshed, central highlands of Ethiopia. E3 Journal of Agricultural
Research and Development, 3(6): 082-093.

Fekede Feyissa (2013): Evaluation of feed resources and assessment of feeding
management practices and productivity of dairy cattle in the central highlands of
Ethiopia. PhD Thesis, Karnal-132001 (Haryana), India.

Ferguson J.D. (1991): Nutrition and Reproduction in Dairy cows. Veterinary Clinics of
North America. Food Animal Practice, 54: 507-518.

Ferguson J.D., Galligan D.T. and Thomsen N. (1994): Principal descriptors of body
condition score in Holstein cows. Journal of Dairy Science, 77(9): 2695-2703.

Fernandez S.A.A., Mattos W.R.S., Matarazzo S.V., Tonhati H., Gama M.A.S. and Lanna
D.P.D. (2007): Total FA in Murrah buffaloes milk on commercial farms in Brazil.
Italy Journal of Animal Science, 6:1063-1066.

Fikre L. (2007): Reproductive and Lactation Performance of Dairy Cattle in the Oromia
Central Highlands of Ethiopia with Special Emphasis on the Pregnancy Period.
Doctoral thesis. ISSN 1652-6880, ISBN 978-91-85913-20-6.

Fikrineh N., Estefanos T., Esayas A., Chali Y. and Feyisa H. (2012): Production,
handling, processing, utilization and marketing of milk in the Mid Rift Valley of
Ethiopia. Livestock Research for Rural Development, 24(9). Available
athttp://www.lIrrd.org/lrrd24/9/nega24152.htm.

142



Fischer K., Hoffmann B., Bockisch F.J., Failing K., Baljer G. (1998): Surveys on the
fertility status of dairy cows. Part 1: Univariate assessment and assignment in
observation classes. Tierarztl Umschau, 53: 372-379.

Forar A.L., Gay J.M., Hancock D.D. and Gay C.C. (1996): Fetal loss in ten Holstein
dairy herds. Theriogenology, 45(8): 1505-1513.

Forbes J. M. (1995): Feeding behaviour. Pages 11-31 in Voluntary food intake and diet
Selection in farm animals. J. M. Forbes, ed. CAB International, Wallingford, UK.

Friggens N.C., Andersen J.B., Larsen T., Aaes O. and Dewhurst R.J. (2004): Priming the
dairy cow for lactation: a review of dry cow feeding strategies. Animal Research, 53:
453-473.

Funston R. (2007): Nutrition and reproduction interactions. Pp.147-161. Proceedings of
Applied Reproductive Strategies in Beef Cattle, Reno, Nevada, October 27-28,
2005. Reno, Nevada.

Galvao K.N., Frajblat M., Brittin S.B., Butler W.R., Guard C.L., and Gilbert R.O. (2009):
Effect of prostaglandin F2alpha on subclinical endometritis and fertility in dairy
cows. Journal of Dairy Science, 92: 4906-4913.

Galvao K.N., Greco L.F., Vilela J.M., Safilho M.F. and Santos J.E.P. (2009): Effect of
intrauterine infusion ofceftiofur on uterine health and fertility in dairy cows. Journal
of Dairy Science, 92: 1532-1542.

Garcia A.M.B., Cardoso F.C., Campos R., Thedy X.D. and Gonzalez F.H.D. (2011):
Metabolic evaluation of dairy cows submitted to three different strategies to
diminish the effects of negative energy balance in early postpartum.Brazilian
Veterinary Research, 31: 11-17.

Gebeyehu G., Asmare A. and Asseged B. (2005): Reproductive performances of Fogera
cattle and their Friesian crosses in Andassa ranch, Northwestern Ethiopia. Livestock
Research for Rural Development, 17(12). Available
athttp://www.lrrd.org/Irrd17/12/gosh17131.htm.

Gebre Wold A., Alemayehu M., Demeke S., Bediye S. and Tadesse A. (2000): Status of
dairy development. Smallholder Dairy Development Project (SDDP) dairy research
in Ethiopia. In: The role of village dairy co-operatives in dairy development. SDDP
(Smallholder Dairy Development Project) Proceedings, MOA (Ministry of
Agriculture), Addis Ababa, Ethiopia.

143



Gebrekidan T. (2014): Dairy Cattle Production System in Central Zone of Tigray: in The
Case of Aksum and Adwa. Global Journal of Animal Scientific Research,2(2): 151-
158.

Gebrekidan T., Zeleke M., Gangwar, S. K. and Aklilu H. (2012): Socio-Economic
characteristics and purpose of keeping dairy cattle in Central zone of Tigray,
Northern Ethiopia. International Journal of Advanced Biological Reasearch, 2(2):
256-265.

Gebremariam S., Amare S., Derek B. and Solomon A. (2010): Diagnostic study on live
cattle and beef production and marketing: constraints and opportunities for
enhancing the system, Addis Ababa, Ethiopia. 46p.

Gergovska Z., Mitev Y., Angelova T., Yordanova D. and Miteva T. (2011): Effect of
changes in body condition score on the milk yield of Holstein-Friesian and Brown
Swiss cows. Bulgarian Journal of Agricultural Science, 17(6): 837-845.

Getachew M., Tsehay R., Zelalem L., Gerba L., Duncan A.J. and Yeshambel M. (2015):
Assessment of livestock production systems, the potential of feed availability,
farming system and livestock production problems in Fogera District, Amhara
Region, Ethiopia. Nairobi, Kenya: ILRI.

Getnet B., Alemu Y. and Mekonen H. (1999): Performance of lactating Somali does
supplemented with different proportion of groundnut cake and wheat bran.
Proceeding of the 7™ annual conference of the Ethiopian Society of Animal
Production (ESAP) held in Addis Ababa, Ethiopia. 26-27 May 1999. pp. 202-204.

Getu K., Tadesse D., Amira K., Genet A., Mesfin D. and Deere F. (2013): Evaluation of
effective microbes (EM) as non-conventional feed supplement to lactating crossbred
cows and barn malodor control under Ethiopian condition. Journal of Renewable
Agriculture, 1(8):141-146.

Gezu T., Mengistu U. and Solomon G. (2017): Effects of Supplementation with Graded
Levels of Concentrate Mix of Oats Grain and Lentil Screening on Feed Utilization
and Live Weight Gain of Menz Sheep Fed Hay. Advances in Life Science and
Technology, 56: 26.

Gezu T., Haftu K. and Sefa S. (2015): Production, processing and constraints of cow milk
in and around Hosanna Town, Hadya Zone, Southern Ethiopia. Global Journal of
Dairy Farming and Milk Production, 3(3): 092-098.

144



Ghosh A., Alam M.G.S., Akbar M.A. (1993): Effect of urea-molasses-mineral blocks
supplementation in postpartum ovarian activity in zebu cows. Animal Reproduction
Science, 31: 61-67.

Gibson J.P. (1984): The effects of frequency of feeding on milk production of dairy
cattle: An analysis of published results. Animal Production, 38(2): 181-189.

Gidey Y. (2001): Assessment of Calf Crop Productivity and Total Herd Life of Fogera
Cows at Andassa Ranch in North-western Ethiopia. MSc. Thesis, Alemaya
University. Dire-Dawa, Ethiopia. pp.119.

Gilbert R.O., Shin S.T., Guard C.L., Erb H.N. and Frajblat M. (2005): Prevalence of
endometritis and its effects on reproductive performance of dairy cows.
Theriogenology, 64: 1879-1888.

Gillah K.A., Kifaro G.C. and Madsen J. (2012): Urban and peri urban dairy farming in
East Africa: A review on production levels, constraints and opportunities. Livestock
Research for Rural Development, 24(11). Available at
http://www.lrrd.org/Irrd24/11/gill24198.htm.

Gillah K.A., Kifaro G.C. and Madsen J. (2013): Management and production levels of
cross-bred dairy cattle in Dar es Salaam and Morogoro urban and peri urban areas.
Livestock  Research  for  Rural  Development,  25(165).  Available
athttp://mww.lrrd.org/lrrd25/9/gill125165.html.

Girma A. (2008): Dairy Service Delivery in Debre Zeit Milkshed of Adaa District,
Central Ethiopia: Analyzing Options to Development Pluralistic Service Delivery in
the Dairy Sector. MSc Thesis, Haramaya University, Ethiopia.

Girma C., Yoseph M. and Mengistu U. (2014): Feed Resources Quality and Feeding
Practices in Urban and Peri-urban Dairy Production of Southern Ethiopia. Tropical
and Subtropical Agroecosystems, 17(3): 539-546.

Gizaw K., Habatamu A., Sisay E., Tesfaye M., Tegegn G. and Birhanu S. (2012):
Enhancing the productivity and profitability of crossbred and local cows in urban
and peri urban centers of Bako and Nekemt, proceedings of the 19" annual
conference of Ethiopian Society of Animal Production, 15-17 December 2011.
Addis Ababa, Ethiopia.

145



Gizaw Y., Bekana M. and Abayneh T. (2007): Major reproductive health problems in
smallholder dairy production in and around Nazareth town, Central Ethiopia. Priory
Medical Journal Online. Available at www.priory.com/vet/dairyproduction.htm.

Gong J.G., Lee W.J., Garnsworthy P.C. and Webb R. (2002): Effect of dietary-induced
increases in circulating insulin concentrations during the early post-partum period on
reproductive function in dairy cows. Reproduction, 123: 419-427.

Grasser L.A., Fadel J.G., Garnett I., and DePeters E.J. (1995): Quantity and economic
importance of nine selected by-products used in California dairy ration. Journal of
Dairy Science, 78: 962-971.

Gross J.J., Kessler E.C., Albrecht C. and Bruckmaier R.M. (2015):Response of the
Cholesterol Metabolism to a Negative Energy Balance in Dairy Cows Depends on
the Lactational Stage. PLoS ONE, 10(6): e0121956.

Grummer R.R. (1995): Impact of changes in organic nutrient metabolism on feeding the
transition dairy cow. Journal of Animal Science, 73: 2820-2833.

Grummer R.R., Mashek D.G. and Hayirli A. (2004): Dry matter intake and energy
balance in the transition period. Veterinary Clinics of North America: Food Animal
Practice, 20(3): 447-70.

Gindel S. (2006): A synthesis of urban and peri-urban agriculture research commissioned
by theRNRRS (Renewable Natural Resources Research Strategy) programme, 1995-
2006.Final report. Edinburgh, U.K.

Guretzky N.A., Carlson D.B., Garrett J.E., Drackley J.K. (2006): Lipid metabolite profles
and milk production for Holstein and Jersey cows fed rumen-protected choline
during the periparturient period. Journal of Dairy Science, 89: 188-200.

Gylswyk V.D. (1995): Factors limiting proliferation of desirable groups of bacteria in the
rumen of animals feed poor quality feeds of high fiber content. In: Rumen Ecology
Research Planning. Proceeding of a workshop held at ILRI. Addis Ababa. Ethiopia.
13-18 March 1995. pp. 121-129.

Habtamu L., Kelay B. and Desie S. (2010): Study on the reproductive performance of
Jersey cows at Wolaita Sodo dairy farm, Southern Ethiopia. Ethiopian Veterinary
Journal, 14(1): 53-70.

146



Hadush A., Abdella A. and Ragassa F. (2013): Major Prepartum and post-partum
Reproductive problems of dairy cattle in central Ethiopia. Journal of Veterinary
Medicine and Animal Health, 5: 118-123.

Hafez E.S.E. (1993): Reproduction in Farm Animals. 6th edition Lea and Febiger,
Philadelphia, USA. PP. 237-261.

Haftu K. (2015): Productive and Reproductive Performance of Holstein-Friesian Cows
under Farmer’s Management in Hossana Town, Ethiopia. International Journal of
Dairy Science, 10(3): 126-133.

Haile A., Kassa T., Mihret M. and Asfaw Y. (2010): Major Reproductive Disorders in
Crossbred Dairy Cows under Small holding in Addis Ababa Milkshed, Ethiopia.
World Journal of Agricultural Sciences, 6: 412-418.

Haile B. (2014): Evaluation of reproductive performance of Holstein Frisian dairy cows
at Alage agricultural technical vocational educational training college dairy farm,
south western Ethiopia. MSc Thesis, Haramaya University, Dire-Dawa, Ethiopia.

Haile W/A., Zelalem Y., Yosef T/G. (2012): Challenges and opportunities of milk
production under different urban dairy farm sizes in Hawassa City, Southern
Ethiopia. African Journal of Agricultural Research, 7(26): 3860-3866.

Haile-Mariam M. and Kassa-Mersha H. (1994): Genetic and environmental effects on
age atfirst calving and calving interval of naturally bred Boran (zebu) cows in
Ethiopia. AnimalProduction, 58 (3): 329-334.

Haileyesus A. (2006): Evaluation of Artificial Insemination Service Efficiency and
Reproductive Performance of F1 Friesian Crosses in North Gonder Zone, Amhara.
MSc Thesis, Alemaya University, Alemaya, Ethiopia. pp.81.

Hammoud M.H., El-Zarkouny S.Z., Oudah E.Z.M. (2010): Effect of sire, age at first
calving, season and year of calving and parity on reproductive performance of
Friesian cows under semiarid conditions in Egypt. Archiva Zootechnica, 13(1): 60-
82.

Hans B., Gijs den Hertog and Johan K. (2008):Dairy cattle husbandry. 3"ed., Agromisa
Foundation and CTA, Wageningen. Agrodok-series No. 14.

147



Haq 1. (1992): The role of insulin and insulin related factors on lipo-protein utilization by
bovine luteal cells. PhD Thesis. The Ohio State University.

Haruna S., Kuroiwa T., Lu W., Zabuli J., Tanaka T., Kamomae H. (2009): The effects of
short-term nutritional stimulus before and after the luteolysis on metabolic status,
reproductive hormones and ovarian activity in goats. Journal of Reproduction and
Development, 55(1): 39-44.

Hasan M.Z., Haider M.G., Begum M.R., Rahman M.M. and Alam M.G.S. (2011):
Pregnancy rate at first service artificial insemination in dairy cattle. Journal of the
Bangladesh Society for Agricultural Science and Technology, 8(1&2): 133-138.

Hasan M.Z. (2008):Pregnancy Rate at First Service Artificial Insemination in Dairy
Cows.MSc Thesis, Department of Physiology, Faculty of Veterinary Science,
Bangladesh Agricultural University, Mymensingh, Bangladesh.

Hatungumukama G., Idrissa D.S., Leroy P.L. and Detilleux J. (2006): Effects of non-
genetic and crossbreeding factors on daily milk yields of Ayrshire x (Sahiwal x
Ankole) cows in Mahwa station (Burundi). Livestock Science, 110: 111-117.

Hawk H.W. (1983): Sperm survival and transport in the female reproductive tract.
Journal of Dairy Science, 66: 2645-2660.

Hayirli A., Grummer R.R., Nordhein E.V. and Crump P.M. (2002): Animal and dietary
factors affecting feed intake during the prefresh transition period in Holsteins.
Journal of Dairy Science, 85(12): 3430-3443.

Heinrichs A.J., Jones C. and Bailey K. (2005): Milk Components: Understanding the
causes and importance of milk fat and protein variation in your dairy herd. Retrieved
August 18, 2018, from
http://extension.psu.edu/animals/dairy/health/nutrition/nutrition-and-
feeding/dietformulation-and-evaluation/milk-components-understanding-the-causes-
andimportance-of-milk-fat-and-protein-variation-in-your-dairy-herd-1.

Herzog K., Voss C., Kastelic J.P., Beindorff N., Paul V., Niemann H., and Bollwein H.
(2011): Luteal blood flow increases during the first three weeks of pregnancy in
lactating dairy cows. Theriogenology, 75: 549-554.

148



Hristov A.N., Oh J., Firkins J.L., Dijkstra J., Kebreab E., Waghorn G., Makkar H.P.S.,
Adesogan A.T., Yang W., Lee C., Gerber P.J., Henderson B. and Tricarico J.M.
(2013): Mitigation of methane and nitrous oxide emissions from animal operations:
I. A review of enteric methane mitigation options. Jornal of Animal Science, 91:
5045-50609.

Hulagersh G., Etsay K. and Awot T. (2017): Assessment of Management and Major
Health Problems in Urban and Peri-urban Dairy Farms of Mekelle, North Ethiopia.
Ethiopian Journal of Veterinary Science and Animal Production, 1(1): 93-105.

Hunduma D. (2012): Reproductive performance of crossbred dairycows under
smallholder condition in Ethiopia. International Journal of Livestock Production,
3(3): 25-28.

Hussain P.M and Muniraju L. (1984): Study in the incidence of reproductive disorders of
bovines in a part of Southern Kartanaka. Livestock Adviser, 9: 1316.

Ibeawuchi J.A. and Dangut A. (1996): Influence of stage of lactation on milk constituents
of Bunaji (Zebu) cattle in a hot humid tropical environment. Discovery and
Innovation, 8: 249-256.

IBM Corp (2011): IBM SPSS (Statistical Packages for the Social Sciences) Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.

Ibrahim N., Abraha A. and Mulugeta S. (2011): Assessment of reproductive performance
of crossbred cattle (Holstein FriesianxZebu) in Gondar town. Global Veterinaria,
6(6): 561-566.

Ike A. (2002): Urban dairying in Awassa, Ethiopia. MSc thesis, University of
Hohenheim. Instititute of Animal production in the tropics and sub tropics. Stuttgart-
Hohenheim, Germany. 113p. ILRI (International livestock research Institute)
Nairobi, Kenya. 462pp.

ILCA (International Livestock Center for Africa) (1990): Livestock systems research
manual.

Indetie D. (2009): Effects of nutritional supplementation and genotype on milk
production and fertility of lactating dairy cattle under tropical conditions. Pp. 29-30.
International Symposium on Sustainable Improvement of Animal Production and
Health.Vienna, Austria, 8-11 June 2009.

149



Ingvartsen K.L. and Andersen J.B. (2000): Integration of metabolism and intake
regulation: A review focusing on periparturient animals. Journal of Dairy Science,
83(7): 1573-1597.

Janovick N.A. and Drackley J.K. (2010): Prepartum dietary management of energy intake
affects postpartum intake and lactation performance by primiparous and multiparous
Holstein cows. Journal of Dairy Science, 93 (7): 3086-3102.

Jemila G. and Achenef M. (2012): Effect of lactation stage, pregnancy, parity and age on
yield and major components of raw milk in bred cross Holstein Friesian cows. World
Journal of Dairy and Food Sciences, 7(2): 146-149.

Kamphuis C., DelaRue B., Burke C.R. and Jago J. (2012): Field evaluation of 2 collar-
mountedactivity meters for detecting cows in estrous on a large pasture-grazed dairy
farm. Journal of Dairy Science, 95: 3045-3056.

KARC (2008). Kulumsa Agricultural Research Center (KARC): Annualreport, Ethiopia,
pp: 6.

Kassahun A., Synman H.A. and Smit G.N. (2008): Impact of rangeland degradation on
thepastoral production systems, livelihoods and perceptions of the Somali
pastoralists in EasternEthiopia. Journal of Arid Environments, 72(7): 1265-1281.

Kassu Tsegaye (2016): Assessment of milk production and marketing systems, and
evaluation of the productive performances of crossbred dairy cows in Bona Zuria
district of Sidama Zone, Southern Ethiopia. MSc Thesis, Hawassa University,
Ethiopia. 45p.

Kathy L. (2004): Al bulls ranked by conception rates, Michigan Dairy Review. pp. 1-3,
http://www.mdr.msu.edu.

Kawashima C., Fukihara S., Maeda M., Kaneko E., Montoya C.A., Matsui M., Shimizu
T., Matsunaga N., Kida K., Miyake Y., Schams D. and Miyamoto A. (2007):
Relationship between metabolic hormones and ovulation of dominant follicle during
the first follicular wave post-partum in high-producing dairy cows. Reproduction,
133: 155-163.

Kearl L.C. (1982): Nutrient Requirement of Ruminants in Developing Countries
InternationalFeed stuffs Institute, Utah Agricultural Experiment Station, Utah State
University, Longman 84322. USA, 381p.

150



Kechero Y., Tolemariam T. and Haile A. (2013): Characteristics and Determinants of
Livestock Production in Jimma Zone/Southwestern Ethiopia. African Journal of
Basic and Applied Sciences, 5(2): 69-81.

Kefena Effa (2004): Analysis of Longevity, Productive Herd Life and Lifetime Milk
Production of Boran Crossbred Cows with Various Levels of Exotic Inheritances in
the Central Highlands of Ethiopia. MSc thesis, Alemaya University, Ethiopia. Pp.
46.

Kellems R.O., Church D.C. (1998): Livestock feeds andfeeding. (Fourth Edition.).
Prentice-Hall, Inc., NewJersy, USA. Pp. 573.

Ketema H. and Tsehay R. (1995): Dairy production systems in Ethiopia. In: Proceedings
of a workshop entitled: Kurwijila L.R., Henriksen J., Aboud A.O.O., Kifaro G.C.:
Strategies for Market Orientation of Small Scale Milk Producers and their
Organizations. Morogoro, Tanzania.

Khan H.M., Mohanty T.K., Bhakat M., Raina V.S. and Gupta A.K. (2011): Relationship
of Blood Metabolites with Reproductive Parameters during Various Seasons in
Murrah Buffaloes. Asian-Australian Journal of Animal Science, 24(9): 1192-1198.

Khan M.R.K., Uddin J. and Gofur M.R. (2015): Effects of age, parity and breed of the
cows on conception rate and number of services per conception in artificially
inseminated cows in Bangladesh. Bangladesh Livestock Journal, 1: 1-4.

Khan M.H., Manoj K., Pramod S. (2016): Reproductive disorders in dairy cattle under
semi-intensive system of rearing in North-Eastern India. Veterinary World, 9(5):
512-518.

Khazanehei H., Li S., Khafipour E. and Plaizier J.C. (2015): Effects of dry period
management on milk production, dry matter intake, and energy balance of dairy
cows. Canadiain Journal of Animal Science, 95: 433-444.

Klusmeyer T.H., Cameron M.R., McCoy G.C. and Clark J.H. (1990): Effects of feed
processing and frequency of feeding on ruminal fermentation, milk production, and
milk composition. Journal of Dairy Science, 73: 3538-3543.

Kudrna V., Lang P. and Mlazovska P. (2001): Frequency of feeding with TMR in dairy
cows in summer season. Czech Journal of Animal Science, 46: 313-319.

151



Kumar N. and Tkui K. (2014): Reproductive Performance of Crossbred Dairy Cows in
Mekelle, Ethiopia. Scientific Journal of Animal Science, 3(2): 35-40.

Law R.A., Young F.J., Patterson D.C., Kilpatrick D.J., Wylie A.R.G. and Mayne C.S.
(2009): Effect of dietary protein content on animal production and blood metabolites
of dairy cows during lactation. Journal of Dairy Science, 92: 1001-1012.

Le Liboux S. and Peyraud J.L. (1999): Effect of forage particle size and feeding
frequency on fermentation patterns and sites and extent of digestion in dairy cows
fed mixed diets. Animal Feed Science and Technology, 76: 297-3109.

LeBlanc S. (2010): Assessing the association of the level of milk production with
reproductive performance in dairy cattle. Journal of Reproduction and development,
56: S1-S7.

LeBlanc S. (2010): Monitoring metabolic health of dairy cattle in the transition period.
Journal of Reproduction and Development, 56: S29-S35.

Legesse Getachew (2008): Invitro-N-Degradability and N-metabolism in Growing sheep
fed a Basal diet of Maize stover. PhD thesis, university of Bonn, Germany, 152p.

Lemma A. and Kebede S. (2011): The effect of mating systems and herd size on
reproductive performance of dairy cows in market oriented urban dairy farming in
and around Addis Ababa. Revue Medical Veterinary, 162: 526-530.

Lemma F., Fekadu B. and Hegde P.B. (2005): Rural Smallholders Milk and Dairy
ProductsProduction, Utilization and Marketing Systems in East Shoa Zone of
Oromia. PP. 17-28. In: Proceedings of the 12th Annual Conference of the Ethiopian
Society of Animal Productio (ESAP) held in Addis Ababa, Ethiopia, August 12-14,
2004.

Lemma F., Trivedi M.M., Bekele T. (2012): Adoption of improved dairy husbandry
practices and its relationship with the socio-economic characteristics of dairy
farmers in Ada’a district of Oromia State, Ethiopia. Journal of Agricultural
Extention and Rural Development, 4(14): 392-395.

Leroy J. L. M.R., Vanholder T., Van Knegsel A.T.M., Garcialspierto I. and Bols P.E.J.
(2008): Nutrient prioritization in dairy cows early postpartum: mismatch between
metabolism and fertility? Reproduction in Domestic Animals, 43: 96-103.

152



Leroy J.L.M.R, Langbeen A., Hoeck V. and Bols P.E.J. (2010): Effect of energy balance
on oocyte and embryo quality in modern dairy cows. WCDS Advances in Dairy
Technology, 22: 71-79.

Lobago F., Bekana M., Gustafsson H. and Kindahl H. (2007): Longitudinal observation
on reproductive and lactation performances of smallholder crossbred dairy cattle in
Fitche, Oromia region, central Ethiopia. Tropical Animal Health and Production, 39:
395-403.

Lobago F., Bekana, M., Gustafsson H., Beckers J.F., Yohannes G., Aster Y. and Kindahl
H. (2009): Serum profiles of pregnancy-associated glycoprotein, estrone sulfate and
progesterone during gestation and some factors influencing the profiles in Ethiopian
Borana and crossbred cattle. Reproduction in Domestic Animals, 44(4): 685-692.

Lobago F., Bekana M., Gustafsson H. and Kindahl H. (2006): Reproductive
performances of dairy cows in smallholder production system in Selalle, Central
Ethiopia. Tropical Animal Health and Production, 38(4): 333-342.

Loker S., Bastin C., Miglior F., Sewalem A., Schaeffer L.R., Jamrozik J. and Osborne V.
(2010): Genetic analysis of body condition score with milk production traits in
Canadian Holteins. Proceedings of 10™ World Congress of Genetics Applied to
Livestock Production. August 17-22, 2010, Vancouver, Canada, pp. 1-9.

Looper M. (2012): Factors affecting milk composition of lactating cows. Agriculture and
Natural Resources. Division of Agriculture Research and Extension University of
Arkansas, USA. Pp. 6.

Lopez-Diaz M.C., Bosu W.T.K. (1992): A review and an update of cystic ovarian
degeneration in ruminants. Theriogenology, 37: 1163-1183.

Lépez-Gatius F. and Garcia-Ispierto 1. (2010): Ultrasound and endocrine findings that
help to assess the risk of late embryo/early foetal loss by non-infectious cause in
dairy cattle. Reproduction in Domestic Animals, 45: 15-24.

Lucy M.C. (2001): Reproductive Loss in High-Producing Dairy Cattle: Where Will It
End? Journal of Dairy Science, 84(6): 1277-1293.

Lukuyu B., Gachuiri C.K., Lukuyu M.N., Lusweti C. and Mwendia S. (eds) (2012).
Feeding dairy cattle in East Africa. East Africa Dairy Development Project (EADD),
Nairobi, Kenya. Pp. 63-79.

153



Macleod G.K., Colucci P.E., Moore A.D., Grieve D.G. and Lewis N. (1994): The effects
of feeding frequency of concentrates and feeding sequence of hay on eating
behavior, ruminal environment and milk production in dairy cows. Canadian
Journal of Animal Science, 74: 103-113.

Madsen T.G., Nielsen L. and Nielsen M.O. (2005): Mammary nutrient uptake in response
to dietary supplementation of rumen protected lysine and methionine in late and
early lactating dairy goats. Small Ruminant Research, 56: 151-164.

Malede B., Kalkidan T. and Maya T. (2015): Constraints and Opportunities on Small
Scale Dairy Production and Marketing in Gondar Town. World Journal of Dairy and
Food Sciences, 10(2): 90-94.

Mann G.E. and Lamming G.E. (1999): The influence of progesterone during early
pregnancy in cattle. Reproduction in Domestic Animal, 34: 269-274.

McDonald P., Edwards R.A. and Greenhalgh J.F.D. (1988): Animal Nutrition, 4™ eds.,
Longman Sientific and Technical, New York. 633p.

McDonald P., Edwards R.A., Greenhalgh J.F.D. and Morgan C.A. (2002): Animal
Nutrition. 6™ ed. Pearson Education Limited. Edinburgh, Great Britain. 544p.

McDonald P., Edwards R.A., Greenhalgh J.F.D., Morgan C.A., Sinclair L.A. and
Wilkinson R.G. (2011):Animal Nutrition. Seventh (edn.), Pearson, Prentice Hall UK.
692 pp.

McDowell L.R. (1985): Nutrition of Grazing Ruminants in Warm Climates. Orlando, FL:
Academic Press. 443p.

McDowell R.E. (1988): Improvement of Crop Residues for Feeding Livestock in
SmallholderFarming Systems. PP.3-27. In: J.D. Reed, B.S. Capper and P. J. H.,
Neate (eds.). Plant Breedingand Nutritive Value of Crop Residues. Proceedings of a
Workshop. Held at ILCA, AddisAbaba, Ethiopia, 7-10 Dec. 1987. ILCA, Addis
Ababa.

Mekonnen T., Bekana M. and Abayneh T. (2010): Reproductive performance and
efficiency of artificial insemination smallholder dairy cows/heifers in and around
Arsi-Negelle, Ethiopia. Livestock Research for Rural Development, 22(3).Available
at http://www.lrrd.org/lrrd22/3/meko22061.htm.

154



Menale M., Mekuriaw Z., Mekuriaw G., Taye M. (2011): Reproductive Performances of
Fogera cattle at Metekel cattle breeding and multiplication ranch, North West
Ethiopia. Online Journal of Animal and Feed Research, 1(3): 99-106.

Mengistu U., Dahlborn K. and Olsson K. (2007): Effects of intermittent watering on
water balance and feed intake in male Ethiopian Somali goats. Small Ruminant
Research, 67: 45-54.

Mesfin D., Tamirat S., Getu K., Getnet A. and Aemiro K. (2013): On-farm evaluation of
urea molasses multi-nutrient block (UMMB) and concentrate mixture as a
supplement to crossbred lactating dairy cows in peri-urban dairy production system
of Central Ethiopia. Pp. 121-131. Livestock Research Proceedings of the 2012
Annual National Workshop on Review of Livestock Research Results, at EIAR,
Addis Ababa, Ethiopia, EIAR.

Mesfin D., Seyoum B. , Dawit A., Getu K., Aemiro K., Getnet A. and Getaw T. (2014):
Livestock Feed Marketing in Ethiopia: Challenges and Opportunities for Livestock
Development. Journal of Agricultural Science and Technology A, 4: 155-168.

Million T., Theingthan J., Pinyopummin A., Prasanpanich S. and Azage T. (2011):
Estrous Performance of Boran and Boranx Holstein Fresian Crossbred Cattle
Synchronized with a protocol based on Estradiol benzoate or Gonadotrophin-
Releasing Hormone. Kasetsart Journal-Natural Science, 45(2): 221-232.

MillionT., Thiengtham J., Pinyopummin A. and Prasanpanich S. (2010): Productive and
reproductive performance of Holstein Friesian dairy cows in Ethiopia. Livestock
Research for Rural Development, 22(2). Available at
http://lwww.lrrd.org/lrrd22/2/tade22034.htm.

Misgana D., Gebeyehu G. and Gebreyohannes B. (2015): Characterization of
Smallholder Dairy Cattle Production Systems in Selected Districts of East Wollega
Zone, Ethiopia. World Journal of Dairy and Food Sciences, 10(2): 95-1009.

MoA (Minstry of Agriculture) (2012): Livestock growth strategy and action. Draft
discussion paper. Addis Ababa: MoA. (Amharic version).

MoARD (2004): Market-oriented development master plan.Addis Ababa, Ethiopia:
MoARD.

155



Moges N. (2012): Study on reproductive performance of crossbred dairy cows under
small holder conditions in and around Gondar, north western Ethiopia. Journal of
reproductive infertility, 3(3): 38-41.

Mohamed A.M. Ahmed, Simeon Ehui and Yemesrach Assefa (2003): Dairy
Development in Ethiopia. INWEnt, IFPRI, NEPAD, CTA—Conference “Successes
in African Agriculture”, December 1-3, 2003, Pretoria, South Africa, Conference
Paper Number 6.

Mohamed A.M. Ahmed, Simeon Ehui, and Yemesrach Assefa (2004): Dairy
Development in Ethiopia. EPTD Discussion Paper No. 123. Washington DC, U.S.A.

Mojtaba K. and Abdolah M. (2010): Effects of first postpartum progesterone rise,
metabolites, milk yield, and body condition score on the subsequent ovarian activity
and fertility in lactating Holstein dairy cows. Tropical Animal Health Production,
42: 761-767.

Molalegn B. and Prased S. (2011): Study on major reproductive health problems in
indigenous and cross breed cow in and around Bedelle, South west Ethiopia. Journal
of Animal and Veterinary Advances, 10(6): 723-727.

Morrow D. A. (1980): Analysis of Record for Reproductive Herd Health Programs. In:
Morrow, D. A. (ed.), Current Therapy in Theriogenology, 1% Ed., pp: 559-562. W.
B. Saunders Co., Philadelphia, London, Toronto.

Msanga Y.N. and Bryant M.J. (2003): Effect of restricted suckling of calves on the
productivity of crossbred dairy cattle. Tropical Animal Health and Production,35(1):
69-78.

Msangi B.S., Bryant M.J. and Thorne P.J. (2005): Some factors affecting variation in
milk yield in crossbred dairy cows in smallholder farms in North-East Tanzania.
Tropical Animal Health and Production, 37(5): 403-412.

Mukasa-Mugerewa E. (1989): A review of reproductive performance of female Bos
indicus (Zebu) cattle. International Livestock Centre for Africa (ILCA), Monograph
No. 6. International Livestock Center for Africa, Addis Ababa, Ethiopia. pp.134.

Mulisa M., Ashenafi F., Anteneh W. and Tariku J. (2011): Herd composition and
characteristics of dairy production in Bishoftu Town, Ethiopia. Journal of
Agricultural Extension and Rural Development, 3(6): 113-117.

156



Mulugeta A. and Belayeneh A. (2013): Reproductive and lactation performances of dairy
cows in Chacha Town and nearby selected kebeles, North Shoa Zone, Amhara
Region, Ethiopia. World Journal of Agricultural Sciences, 1(1): 008-017.

Mulugeta Assefa (1990): Borena cattle herds: Productivity, constraints, and possible
interventions. MSc Thesis, Department of Range Science, Colorado State
University, FortCollins, Colorado, USA. p154.

Mulugeta K., Tesfaye K., and Gebre-Egziabher G. (1991): Some productive and
reproductiveperformance of Horro cattle at Bako Research Centre. PP.78-82.
Proceedings of the fourthNational Livestock Improvement Conference. 13-15. Nov.
1991, Addis Ababa, Ethiopia.

Nega T., Pravee V., Pornsri C. and Suwapong S. (2006): Comparative performances of
Holstein-Friesian cows under smallholder and large scale farmers’ management in
Central Rift valley, Ethiopia. Kasetsart Journal - Natural Science,40: 58-68.

Netsanet B., Kapoor V., Tewatia B.S. (2015): Effect of different Roughage: Concentrate
Ratio on Milk Yield and Its Fatty Acid Profile in Dairy Cows. Journal of Biology,
Agriculture and Healthcare, 5(13): 179.

Ngongoni N.T., Mapiye C., Mwale M. and Mupeta B. (2006): Factors affecting milk
production in the smallholder dairy sector of Zimbabwe. Livestock Research for
Rural Development, 18(5). Available athttp://www.Irrd.org/lrrd18/5/ngon18072.htm.

Nibret M. (2012): Study on Reproductive Performance of Crossbred Dairy Cows under
Small Holder Conditions in and Around Gondar, North Western Ethiopia. Journal of
Reproduction and Infertility, 3(3): 38-41.

Nielsen M.O. and Jakobsen K. (1994): Changes in mammary uptake of free fatty acids,
triglyceride, cholesterol and phospholipid in relation to milk synthesis during
lactation in goats. Comparative Biochemistry and Physiology Part A: Physiology,
109(4): 857-867.

Nigussie Gebreselassie (2006): Characterization and evaluation of urban dairy production
system in Mekelle city, Tigray region, Ethiopia. MSc thesis, Hawassa University,
Awassa, Ethiopia. 54 pp.

157



Nigusu F. and Yoseph M. (2014): Assessment of milk production and reproductive
performances in urban and secondary town dairy production systems in Adama
milkshed, East Shoa Zone, Oromia National Regional State, Ethiopia. International
Journal of Agricultural Sciences, 4(2): 106-110.

Nikkhah A. (2011): Barley grain for the bugs, the host and the farmer: a pearl or a fasco.
In ‘Barley: Production, Cultivation and Uses’. Nova Science Publishers, Inc, NY,
USA.

Niraj K., Alemayehu E., Berihu G. and Endale B.G. (2014): Reproductive performance
of indigenous and HF crossbred dairy cows in Gondar, Ethiopia. Journal of
Agriculture and Veterinary Science,7(1): 56-61.

NMSA (2010): National Meteorological Services Agency of Adama Station; unpublished
data.

NRC (National Research Council) (1996): Nutrient Requirements of Beef Cattle. 7"
Revised edition. National Academy of Science, National Academy Press:
Washington, DC, USA. 234p.

NRC (National Research Council) (2001): Nutrient Requirements of Dairy Cattle. 7"
Revised Edition, Subcommittee on Dairy Cattle Nutrition, Committee on Animal
Nutrition, Board on Agriculture and Natural Resources, National Research Council,
National Academy Press, Washington, D.C.

Nuraddis 1., AShebir A. and Shiferaw M. (2011): Assesment of Reproductive
Performance of Crossbred Cattle (Holstein Friesian X Zebu) in Gondar Town.
Global Veterinaria, 6(6): 561-566.

O’Connor C.B. (1994): Rural dairy technology. ILRI training manual No. 1. International
Livestock Research Institute (ILRI), Addis Ababa, Ethiopia. 133p.

O’Connor C.B. (1995): Rural Dairy Technology. ILRI Training Manual I, International
Livestock Research Institute (ILRI), Addis Ababa, Ethiopia.

Ojango J.M.K. and Pollott G.E. (2001): Genetics of milk yield and fertility traits in
HolsteinFriesian cattle on large-scale Kenyan farms. Journal of Animal Science, 79:
1742-1750.

158



Olson J. D., Bretzlaff K. and Mortimer R. G. (1986): The metritis-pyometra complex:
Current Therapy in Theriogenology. Philadelphia, WB Saunders Corporation. p 227.

Oltenacu P.A., Ferguson J.D. and Lednor A.J. (1990): Economic evaluation of pregnancy
diagnosis in dairy cattle: A decision analysis approach. Journal of Dairy Science, 73:
2826-2831.

O'Mahony F. (1988): Rural Dairy Technology; Experiences in Ethiopia, ILCA Manual
No. 4, International Livestock Centre for Africa, Addis Ababa 64 p.

Opsomer G., de Kruif A. (1999): Post-partum anestrus in dairy cows - an overview.
Veterinary Practice, 27(G): 30-35.

Pagot J. (1992): Animal Production in the Tropics. Macmillan Press Ltd., London UK.
pp. 488-492.

Pandey G.S. and Voskuil G.C.J. (2011): Manual on improved feeding of dairy cattle by
smallholder farmers. Golden valley agricultural research trust Lusaka, Zambia. 50p.

Patton J., Kenny D.A., McNamara S., Mee J.F., Omara F.P., Diskin M.G. and Murphy
J.J. (2007): Relationships among milk production, energy balance, plasma analytes,
and reproduction in Holstein-Friesian cows. Journal of Dairy Science, 90: 649-658.

Pegorer M.F., VVasconcelos J.L., Trinca L.A., Hansen P.J., Barros C.M. (2007): Influence
of sire and sire breed (Gyr versus Holstein) on establishment of pregnancy and
embryonic loss in lactating Holstein cows during summer heat stress.
Theriogenology, 67: 692-697.

Perera O. (1999): Management of reproduction. 241-264pp. In: small holder dairying in
thetropics. ILRI (International Livestock Research Institute), Nairobi, Kenya. p
462No. 12, section 1. Working document. ILCA. Addis Ababa, Ethiopia, pp: 8.

Perkin E. (1982): Analytical methods for atomic absorption spectrophotometry. Perkin
Elmer Corporation, Norwalk, Connecticut, USA.

Perry G.A. (2005): Comparison of the efficiency and accuracy of three estrous
detectionmethods to indicate ovulation in beef cattle. South Dakota State University
Beef Report, Paper 25. Pp. 122-127.

159



Perry G.A. and Busch D.C. (2005): Effect of ovulatory follicle size and standing estrous
on estradiol concentrations, LH surge and ovulation. Journal of Animal Science,
83(Suppl. 1): 216.

Perry G.A., Dalton J.C. and Geary T.W. (2011): Management factors influencing fertility
in beef cattle breeding programs. Proceedings, Applied Reproductive Strategies in
Beef Cattle — Northwest September 30 — October 1, 2011, Boise, ID. Pp 167.

Phillips C.J.C. and Rind M.I. (2001): The effects of frequency of feeding a total mixed
ration on the production and behavior of dairy cows. Journal of Dairy Science, 84:
1979-1987.

Pieterse M.C., Szenci O., Willemse A.H., Bajcsy C.S.A., Dieleman S.J. and Taverne M.
A.M. (1990): Early pregnancy diagnosis in cattle by means of linear-array real-time
ultrasound scanning of the uterus and a qualitative and quantitative milk
progesterone test. Theriogenology, 33: 697-707.

Pimentel E.C., Bauersachs S., Tietze M., Simianer H., Tetens J., Thaller G., Reinhardt F.,
Wolf E. and Konig S. (2011): Exploration of relationships between production and
fertility traits in dairy cattle via association studies of SNPs within candidate genes
derived by expression profiling. Animal Genetics, 42(3): 251-262.

Plazier J.C.B., King G.J., Dekkers J.C.M., and Lissemore K. (1997): Estimation of
economic values of indices for reproductive performance in dairy herds using
computer simulation. Journal of Dairy Science, 80: 2775-2783.

Poff J.P., Fairchild D.L., Condon W.A. (1998): Effects of antibiotics and medium
supplements on esteroidogenesis in cultured cow luteal cells. Journal of
Reproductive Fertility, 82: 135-43.

Polat B., Kirecci E., Kapakin K.A.T. and Kolak A. (2009). Fertility parameters of dairy
cows with retained placenta or endometritis treated with intrauterine providone
iodine foam. Veterinary Institute Pulawy, 53: 395-400.

Quddus A. (2017): Performance and perceptions of adoption of crossbred cattle by
smallholder in Bangladesh. International Journal of Agricultural Policy and
Research, 5(3): 63-69.

Quintela L.A., Garcia M.E., Pefia A.l., Diaz C., Barrio M., Becerra J.J. and Herraddn
P.G. (2003): Association between some biochemical serum parameters and the
uterine involution in dairy cattle. Archivos de Zootecnia, 52(200): 419- 429.

160



Qureshi M.S., Khan S. and Ahmad N. (2007): Pregnancy depresses milk yield in dairy
buffaloes. Italian Journal of Animal Science, 2: 1290-1293.

Rabiee A.R., Breinhild K., Scott W., Golder H.M., Block E., and Lean I.J. (2012): Effect
of fat additions to diets of dairy cattle on milk production and components: a meta-
analysis and meta-regression. Journal of Dairy Science, 95: 3225-3247.

Radostits O.M., Leslie, K.E. and Fetrow J. (1994): Herd health; Food Animal Production
medicine. 2"%d, W. B Saunders Company.

Rahman M.M., Islam M.N. and Dev A. (1998): A productive and reproductive
performance of indigenous and crossbred cows under village management condition.
Journal of Production Agriculture, 2: 95-99.

Ranjhan S.K. (1999):Dairy feeding system. In: Smallholder dairying in the tropics.
Falvey L and Chantalakhana C (editors) pp. 117-132.

Rasby R.J., Wettemann R.P., Harms P.G., Lusby K.S., Wagner J.J. (1992): GnRH in
infundibular stalk-median eminence is related to percentage body fat in carcasses of
beef cows. Domestic Animal Endocrinology, 9: 71-76.

Reed J.D and Goe M.R. (1989): Estimating the nutritive value of crop residues:
Implications for developing feeding standards for draught animals. ILCA Bulletin
34:2-9.ILCA (International Livestock Centre for Africa), Addis Ababa, Ethiopia.

Rehrahie M. and Getu K. (2010): Effect of feeding urea treated wheat straw based diet on
biological performances and economic benefits of lactating Boran-Friesian crossbred
dairy cows. Livestock Research for Rural Development, 22(12).Available at
http://www.lrrd.org/Irrd22/12/mesf22231.htm.

Rehrahie M. and Getachew K. (2011): On-farm experience of feeding urea-molasses
treated barley straw to crossbreed dairy cows in Jeldu District, highlands of Ethiopia.
Livestock Research for Rural Development, 23(2).
http://www.lrrd.org/lrrd23/2/mesf23041.htm.

Reist M., Erdin D., von Euw D., Tschuemperlin K., Leuenberger H., Delavaud C.,
Chilliard Y., Hammon H.M., Kuenzi N., and Blum J.W. (2003): Concentrate feeding
strategy in lactating dairy cows: Metabolic and endocrine changes with emphasis on
leptin. Journal of Dairy Science, 86: 1690-1706.

161



Rice L. (1980): Reproductive health management in beef cows. In: Current Therapy in
Theriogenology. DA Morrow (ed.), WB Saunders Company, Philadelphia, London,
Toronto, pp. 534-545.

Richardson H.G. (1985). Standard Methods for the Examination of Dairy Products. 6"
eds., American Public Health Association, Washington D.C. 133-150.

Riva E., Gabriele M., Luciana B., Anna S., Alberto T. and Giorgio P. (2013): Influence
of feed delivery frequency on behavioural activity of dairy cows in freestall barns.
Journal of Agricultural Engineering, 44(2s). https://doi.org/10.4081/jae.2013.281.

Roche J.F. (2006): The effect of nutritional management of the dairy cow on
reproductiveefficiency. Animal Reproduction Science, 96: 282-296.

Roche J.R., Friggens N.C., Kay J.K., Fisher M.W., Stafford K.J., and Berry D.P. (2009):
Invited review: Body condition score and its association with dairy cow productivity,
health, and welfare. Journal of Dairy Science, 92: 5769-5801.

Roelofs J., Lopez-Gatius F., Hunter R.H.F., van Eerdenburg F.J.C.M. and Hanzen C.
(2010): When is a cow in estrus? Clinical and practical aspects. Theriogenology, 74:
327-344.

Rukkwamsuk T., Kruip T.A.M., Meijer G.A.L. and Wensing T. (1999): Hepatic Fatty
Acid Composition in Periparturient Dairy Cows with Fatty Liver Induced by Intake
of a High Energy Diet in the Dry Period. Journal of Dairy Science, 82: 280-287.

Saha R., Ashraf A. and Rahman Z. (2014): Comparative study on conception rate of cow
in using frozen and liquid semen. Khulna University, Bangladish. Journal of Animal
Science Advances, 4(3): 749-772.

Saint-Dizier M. and Chastant-Maillard S. (2011): Towards an automated detection of
estrousin dairy cattle. Reproduction in Domestic Animals, 47: 1056-1061.

Salasel B., Mokhtari A. and Taktaz T. (2010): Prevalence, risk factors for and impact of
subclinical endometritis in repeat breeder dairy cows. Theriogenology,74(7): 1271-
1278.

Samson G., Zelalem Y., Sandip B. (2012): Assessment of quality and marketing of milk
and milk products in the central highlands of Ethiopia. Lambert Academic
Publishing. Saarbrucken, Germany.

162



Santos J.E.P., Rutigliano H.M. and Sa Filho M.F. (2009): Risk factors for resumption of
postpartum estrous cycles and embryonic survival in lactating dairy cows. Animal
Reproduction Science, 110: 207-221.

Santos J.E., Thatcher W.W., Chebel R.C., Cerri R.L., and Galvao K.N. (2004): The effect
ofembryonic death rates in cattle on the efficacy of estrus synchronization programs.
Animal Reproduction Science, 82-83: 513-535.

Sartori R., Gumen A., Guenther J.N., Souza A.H., Caraviello D.Z. and Wiltbank M.C.
(2006): Comparison of artificial insemination versus embryo transfer in lactating
dairy cows. Theriogenology, 65: 1311-1321.

Saut J.P.E., Oliviera R.S.B.R., Martins C.F.G., Moura A.R.F., Tsuruta S.A., Nasciutti N.
R., Santos R.M. and Headley S.A. (2011): Clinical observations of postpartum
uterine involution in crossbred dairy cows. Veterinaria Noticias, 17(1): 16-25.

Scaramuzzi R.J., Campbell B.K., Downing J.A., Kendall N.R., Khalid M.,
MunozGutiérrez M. and Somchit A. (2006): A review of the effects of
supplementary nutrition in the ewe on the concentrations of reproductive and
metabolic hormones and the mechanisms that regulate folliculogenesis and ovulation
rate. Reproduction Nutrition Development, 46: 339-354.

Schirmann K., Chapinal N., Weary D.M., Heuwieser W. and von Keyserlingk M.A.G.
(2011): Short-term effects of regrouping on behavior of prepartum dairy cows.
Journal of Dairy Science, 94(5): 2312-2319.

Schopper D., Schemer R., Weiler U. and Claus R. (1993): Influence of milk yield on
fertility criteria of the dairy cow post partum: evaluation of progesterone profiles.
Reproduction in Domestic Animals, 28: 225-235.

Schroeder J.W. (2012): Dairy cow nutrition affects milk composition. NDSU Extension
Service July 2012. Retrieved August 3, 2018, from
http://www.ag.ndsu.edu/pubs/ansci/dairy/as1118.pdf.

SDAO (Sululta District Agricultural Office) (2012): Annual report. Chancho, Ethiopia.

SDDP (1999): Feeding of crossbred dairy cows, Extension manual No. 4, Smallholder
dairy Development Project (SDDP), Addis Ababa, Ethiopia. 30p.

163



SDDP (Smallholder Milk Development Project) (1999): Calf and heifer rearing. SDDP
extension manual No.3. Ministry of Agriculture, Addis Ababa, Ethiopia.

Senger P.L. (1994): The estrus detection problem: New concepts, technologies, and
possibilities. Journal of Dairy Science, 77: 2745-2753.

Senger P.L. (2012): Pathways to Pregnancy and Parturition, Third Edition. Current
Conceptions Inclusive, pp. 124-126.

Seyoum B., Getenet A., Abate T. and Dereje F. (2001): Present status and future direction
of feed resources and nutrition research targeted for wheat based crop livestock
production system in Ethiopia. In Wheat and Weed: Food and Feed, Ed., Wall, P.C
Proceedings of two-stakeholder workshop on improving the productivity of crop-
livestock production in wheat based farming systems in Ethiopia, 10-11 October
2000, Addis Ababa, Ethiopia pp: 207-226. SSFF. Addis Ababa, Ethiopia. 2001.

Shabi Z., Arieli A., Bruckental I., Aharoni Y., Zamwel S., Bor A. and Tagari H. (1998):
Effect of the synchronization of the degradation of dietary crude protein and organic
matter and feeding frequency on ruminal fermentation and flow of digesta in the
abomasum of dairy cows. Journal of Dairy Science, 81(7): 1991-2000.

Shabi Z., Bruckental I., Zamwell S., Tagari H., Arieli 1. (1999): Effects of extrusion of
grain and feeding frequency on rumen fermentation, nutrient digestibility, and milk
yield and composition in dairy cows. Journal of Dairy Science, 82(6): 1252-1260.

Sheikh F., Abdul M.G., Bilal A.M., Zafar I., Insha A., Mudasir A.B., Nazir A.M., Sheikh
G.G,, Yasir A.B., Syed 1.Q., Imtiyaz A.B. and Haider A.A. (2017): Assessment of
Metabolic Profiling of Dairy Animals found in Field Conditions of Anantnag
District of Jammu and Kashmir, India. International Journal of Current
Microbiology and Applied Science, 6(10): 2252-2257.

Sheldon .M. and Dobson H. (2004): Postpartum uterine health in cattle. Animal
Reproduction Science, 82/83: 295-306.

Sheldon 1.M., Price S.B., Cronin J., Gilbert R.O., and Gadsby J.E. (2009): Mechanisms of
infertility associated with clinical and subclinical endometritis in high producing
dairy cattle. Reproduction in Domestic Animals, 44(Suppl 3): 1-9.

Sheldon .M. (2007): Endometritis in cattle: pathogenesis, consequences for fertility,
diagnosis and therapeutic recommendations. Reproduction Management Bulletin,2:
1-5.

164



Sheldon I.M., Noakes D.E., Rycroft A.N., Pfeiffer D.U. and Dobson H. (2002): Influence
of uterine bacterial contamination after parturition on ovarian dominant follicle
selection and follicle growth and function in cattle. Reproduction, 123: 837-845.

Shiferaw G. (2006): In-situ phenotypic characterization of Kereyu cattle type in Fentalle
district of Oromia, Ethiopia. MSc Thesis, Haramaya University, Haramaya,
Ethiopia.

Shimizu T., Murayama C., Sudo N., Kawashima C., Tetsuka M., and Miyamoto A.
(2008): Involvement of insulin and growth hormone (GH) during follicular
development in the bovine ovary. Animal Reproduction Science, 106: 143-152.

Short R.E., Bellows R.A., Staigmillor R.B., Berdinelli J.G. and Custer E. (1990):
Physiological mechanisms controlling anoestrus and infertility in postpartum beef
cattle. Journal of Animal Science, 68: 799-816.

Shuiep E.S.L., Eltaher H.A. and EI Zubeir 1.E.M. (2016): Effect of Stage of Lactation and
order of Parity on Milk Composition and Daily Milk Yield among Local and
Crossbred Cows in South Darfur State, Sudan. SUST Journal of Agricultural and
Veterinary Sciences, 17(2): 90-95.

Silva H.M., Wilcox C.J., Thatcher W.W., Becker R.B., MorseD. (1992): Factors
Affecting Days Open, Gestation Length, and Calving Interval in Florida Dairy
Cattle. Journal of Dairy Science, 75(1): 288-293.

Singh G.P, Oosting S.J. (1992): A model for Describingthe Energy value of Straws.
India Dairy man, XLIV: 322-327.

Sintayehu Y., Fekadu B., Azage T. and Berhanu G. (2008): Dairy production, processing
and marketing systems of Shashemene-Dilla area, South Ethiopia. IPMS (Improving
Productivity and Market Success) of Ethiopian Farmers Project Working Paper 9,
ILRI (International Livestock Research Institute), Nairobi, Kenya, pp: 62.

Sjaastad @.V., Hove K. and Sand O. (2003): Physiology of Domestic Animals, Oslo,
Scandinavian Veterinary Press.

Smith B.l. and Risco C.A. (2002): Predisposing factors and potential causes of post-
partum metritis in Dairy cattle. Food Animal Compendium, 24: 56-63.

165



SNV (Netherlands Development Organization) (2008): Study on Dairy Investment
Opportunities in Ethiopia. Addis Ababa.

Solomon A. and Alemu Y. (2009): Shelters and housing for sheep and goats. In: Merkel
RC (Eds), 32" Technical Bulletin. Addis Ababa, Ethiopia. pp. 1-2.

Solomon B., Solomon M. and Alemu Y. (2008): Matching livestock systems with
available feed resources in the Bale highlands of Ethiopia. Outlook on Agriculture,
37(2): 105-110.

Solomon Mebrahtu (2014): Exploration of Challenges and Prospects of Dairy Production:
A survey study of Mekelle City, Ethiopia. MA Thesis, Mekelle University, Ethiopia.

Solomon Z.A., Binyam K., Bilatu A., Ferede A. and Gadisa M. (2014): Smallholder
cattle production system in Metekel zone, northwest Ethiopia. Research Journal of
Agriculture and Environmental Management, 3(2): 151-157.

Souza R.M. and Junior E.H.B. (2009): Influence of the puerperium and post-puerperal in
the lipidogram of Dutch cows reared in the State from Sao Paulo. Brazilian Journal
of Veterinary Research and Animal Science, 46: 5-10.

Stangaferro M.L., Wijma R., Masello M., Thomas M.J. and Giordano J.O. (2017):
Extending the duration of the voluntary waiting period from 60 to 88 days in cows
that received timed artificial insemination after the Double-Ovsynch protocol
affected the reproductive performance, herd exit dynamics, and lactation
performance of dairy cows.Journal of Dairy Science, 101(1): 717-735.

Steinshamn H. (2010): Effect of forage legumes on feed intake, milk production and milk
quality — a review. AnimalScience Papers and Reports, 28(3): 195-206.

Stevenson J.S., Cartmill J.A., Hensley B.A. and El-Zarkouny S.Z. (2003): Conception
rates of dairy cows following early not-pregnant diagnosis by ultrasonography and
subsequent treatments with shortened Ovsynch protocol. Theriogenology, 60: 475—
483.

Stoat A.W., Veerkamp R.F. and Wassell T.R. (1999): The economics of fertility in the
dairy herd. Animal science, 68: 59-67.

166



Streeter S. (2006): Feeding livestock in temporary holding facilities in the Northern
Territory, Australia. No: J86.
http://lwww.nt.gov.au/d/Content/File/p/Anim_Man/831.pdf. (Accessed on August 20,
2018).

Sudo N., Shimizu T., Kawashima C., Kaneko E., Tetsuka M., and Miyamoto A. (2007):
Insulin-like growth factor-1 (IGF-1) system during follicle development in the bovine
ovary: Relationship among IGF-I, type 1 IGF receptor (IGFR-1) and pregnancy-
associated plasma protein-A (PAPP-A). Molecular and Cellular Endocrinology, 264:
197-203.

Sutton J.D., Aston K., Beever D.E. and Dhanoas M.S. (1996): Milk production from
silagebased diets: effect of high-protein concentrates for lactating heifers and cows
on intake, milkproduction and milk nitrogen fractions. Journal of Animal Science,
62: 207-215.

Swai E.S., Karimuribo E.D., Schoonman L., French N.P., Fitzpatrick J., Kambarage D.
andBryant M.J. (2005): Description, socio-economic characteristics, disease
managementsand mortality dynamics in smallholder's dairy production system in
coastal humid regionof Tanga, Tanzania, Livestock Research for Rural Development,
17(4). Available at http://www.lIrrd.org/Irrd17/4/swal7041.htm.

Tadesse B., Alemu G. and Kasahun W. (1991): Effect of levels of concentrate feeding on
milk production of crossbred cows. Pp. 108-111. Proceedings of the Third National
Livestock Improvement Conference. 24-29 May 1989, Institutes of Agricultural
Research, Addis Ababa, Ethiopia.

Tadesse G. and Mengistie A. (2016): Challenges, Opportunities and Prospects of Dairy
Farming in Ethiopia: A Review. World Journal of Dairy and Food Sciences, 11(1):
01-009.

Takele A., Gizaw Y. and Bekana M. (2005): Major reproductive health problems of
smallholder dairy production in and around Nazareth town, central Ethiopia. DVM
thesis.Faculty of Veterinary Medicine, Addis Ababa University, Debrezeit, Ethiopia.

Tamminga S. (1996): A review on environmental impacts of nutritional strategies in
ruminants. Journal of Animal Science, 74: 3112-3214.

167



Tanngka F.K., Emerson R.D. and Jabbar M.A. (2002): Food Security effects of
intensified dairying: evidence from the Ethiopian highlands. Socio-economic and
policy research working paper 44. ILRI (Intentional Livestock research Institute),
Nairobi, Kenya.

Tariku J., Ashenafi M. and Kidane G. (2015):Assessment of veterinary services in central
Ethiopia: A case study in Ada'a District of Oromia Region, Ethiopia. Ethiopian
Veterinary Journal, 19(2): 1-9.

Tekalign E. (2014). Forage seed systems in Ethiopia: A scoping study. ILRI project
report. Nairobi, Kenya: International Livestock Research Institute (ILRI). Available
at http://hdl.handle.net/10568/65142.

Terefe T., Oosting S. and Lee J. and van der J. (2014):Smallholder Dairy Production:
Analysis of Development Constraints in the Dairy Value Chain of Southern-
Ethiopia. Conference paper: 6 AACAA Africa’s Animal Agriculture Conference
held in Kenyatta International Conference Centre, Nairobi, Kenya, October, 2014.
3p.

Tesfa Gebremicheal (2009): Reproductive performance of indigenous dairy cattle in
south Wollo. MSc Thesis, Mekelle University, Ethiopia.

Tetens J., Seidenspinner T., Buttchereit N., and Thaller G. (2013): Whole-genome
association study for energy balance and fat/protein ratio in German Holstein bull
dams. Animal Genetics, 44 (1): 1-8.

Thokal M.R., Patil V.C. and Udar S.A. (2004): Effect of drinking water frequency on
milk yield, fat, total solids and solids-not-fat content in crossbred cows. Indian
Journal of Animal Research, 38(1): 47-49.

Thys E., Oueadraogo M., Speybroeck N. and Geerts S. (2005): Socio-economic
determinants of urban household livestock keeping in semi-arid Western Africa.
Journal of Arid Environments, 63: 475-496.

Thys E., Oueadraogo M., Speybroeck N. and Geerts S. (2005): Socio-economic
determinants ofurban household livestock keeping in semi-arid Western Africa.
Journal of Arid Environments, 63: 475-496.

Tilahun R. and Gebregiorgis A. (2016): Major Factors Influencing the Reproductive
Performance of Dairy Farms in Mekelle City, Tigray, Ethiopia. Journal of Dairy
Veterinary Animal Research, 3: 00088.

168



Tilley J.M.A. and Terry R.A. (1963): A two-stage technique for the in vitro digestion of
forage crops. Journal of the British Grassland Society, 18: 104-111.

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

Tolla N. and Vijchulata P. (2006): Milk yield and reproductive performances of lactating
cows as affected by intakes of certain dietary macro minerals in Ethiopia. Livestock
Research for Rural Development, 18(9). Available at
http://www.lrrd.org/lrrd18/9/tol118123.htm.

Topps J.H. (1995): Forage legumes as protein supplements to poor quality diets in semi-
arid tropics. In: Wallace, R. J., A. Lahloukassi (eds.). Rumen Ecology Research
Planning. Proceeding of a workshop held at ILRI. Addis Ababa. Ethiopia. 13-18
march 1995. Pp. 183-190.

Tsehay Redda (2001): Small-scale milk marketing and processing in Ethiopia. In:
proceeding of the south-south workshop on smallholder milk production and
marketing: constraints and opportunities, Anand, India. 12-16 March.

Tsuruta S., Misztal 1., Huang C., Lawlor T.J. (2009): Bivariate analysis of conception
rates and test-day milk yields in Holsteins using a threshold-linear model with
random regressions. Journal of Dairy Science, 92(6): 2922—2930.

Van der werf J. (2004): An overview of animal breeding programs.
http.//www.genome.iastate.edu/edu/QTL/Julius notes/01_intr.PDF.

Van soest P.J. (1982): Nutritional ecology of theruminants: Ruminant metabolism,
Nutritionalstrategies, the cellulolytic fermentation and thechemistry of forage and
plant fibres. Ithaca, Newyork. Pp. 373.

Van Soest P.J., Robertson J.B., Lewis B.A. (1991): Methods for dietary fiber, neutral
detergent fiber and non-starch polysaccharides in relation to animal production.
Journal of Dairy Science, 74: 3583-3597. [PubMed]

van Veenhuizen R. and Danso G. (2007): Profitability and sustainability of urban and
peri-urbanagriculture. Agricultural Management, Marketing and Finance, 2007
(Food andAgriculture Organization of the United Nations, Rome, Italy; Occasional
Paper 19). 95pp.

169



Varga G.A. and Ishler V.A. (2007): Managing nutrition for optimal milk components.
Department of Dairy and Animal Science, Pennsylvania State University. Retrieved
February 12, 2017, from http://www.wdmc.org/2007/Varga.pdf.

Vasquez-Anon M., Bertics S., Luck M., Grummer R.R., and Pinheiro J. (1994):
Peripartum liver triglyceride and plasma metabolites in dairy cows. Journal of Dairy
Science, 77(6): 1521-1528.

Veena M.P., Maheswarappa Gowrakkal, Girish Kumar V., Gupta P.S.P. and Narayana
Swamy M. (2015): Relation of various physiological blood parameters with the
postpartum reproductive efficiency in cattle. International Journal of Biomedical
Research, 6(10): 780-785.

Verma D.N. (1997): A Text Book of Animal Nutrition, 1* Ed. R. 814, New Rajinder
nagar, New Delhi.

Walker N.D., Newbold C.J., and Wallace R.J. (2005): Nitrogen metabolism in the rumen.
Pages 71-115 in Nitrogen and phosphorus nutrition of cattle. Reducing the
environmental impact of cattle operations. E. Pfeffer and A. Hristov, eds. CABI
Publishing. CAB International. Wallingford. UK.

Wangdi J., Mindu, Bhujel P., Karma and Wangchuk S. (2014): Productive and
reproductive performance of dairy cattle and their crossbreds in Bhutan. Livestock
Research for Rural Development, 26(10).Available at
http://www.Irrd.org/lIrrd26/10/wang26181.html.

Wathes D.C., Fenwick M., Cheng Z., Bourne N., Llewellyn S., Morris D.G., Kenny D.,
Murphy J. and Fitzpatrick R. (2007): Influence of negative energy balance on
cyclicity and fertility in the high producing dairy cow. Theriogenology, 68(Suppl 1):
S$232-S241.

Watters R., Fricke P., Wiltbank M., Clark P. and Grummer R. (2010): Effect of dry
period length on reproductive measures, health, and production of Holstein cows
during the subsequent lactation. Journal of Dairy Science, 92(7): 3081-309.

Wiedemann S., Horstmann K., Piechotta M., Meyer U., Flachowsky G., Kaske M.
(2013): Intraday variation of metabolic key indicators in serum of dairy cows
between week 2 antepartum and week 12 postpartum. Czech Journal of Animal
Science, 58(8): 343-350.

170



Wilde C.J. and Knight C.H. (1989): Metabolic adaptations in mammary gland during the
declining phase of lactation. Journal of Dairy Science, 72: 1679-1692.

Willam A. and Simianer H. (2011): Livestock basic information Bachelor. UTB
publishing house, Stuttgart, 41-274.

Wilson P.N. and Brigstocke T.D.A. (1983): Improved feeding of cattle and sheep. A
practical guide to modern concepts of ruminant nutrition. Grenada Publishing, Great
Britain. 238p.

Wittwer F.G., Gallardo P., Reyes J., Opitz H. (1999): Bulk milk urea concentrations and
their relationship with cow fertility in grazing dairy herds in Southern Chile.
Preventive Veterinary Medicine, 38: 159-166.

Woldu T., Giorgis Y.T. and Haile A. (2011): Factors affecting conception rate in
artificially inseminated cattle under farmers condition in Ethiopia. Journal of Cell
and Animal Biology, 5(16): 334-338.

Wolf J., Wolfova M., Krupova Z. and Krupa E. (2011). User’s Manual for the Program
ECOWEIGHT (C programs for calculating economic weights in livestock), Version
5.1.1. Part 2: Program EWSH1 for Sheep, Version 1.1.6.

Wondimagegne B., Getnet A., Mengistu U. (2016): Feeding detoxified Ethiopian mustard
(Brassica carinata) seed cake to sheep: Effect on intake, digestibility, live weight
gain and carcass parameters. Scientific Journal of Animal Science, 5(9): 346-352.

Yan T., Frost J.P., Agnew R.E., Bennie R.C. and Mayne C.S. (2006): Relationships
among manure nitrogen output and dietary and animal factors in lactating dairy
cows. Journal of Dairy Science, 89: 3981-3991.

Yang C.M., Varga G.A. (1989): Effect of three concentrate feeding frequencies on rumen
protozoa, rumen digesta kinetics, and milk yield in dairy cows. Journal of Dairy
Science, 72: 950- 957.

Yayneshet T. (2010). Ethiopia Sanitary & Phytosanitary Standards and Livestock and
Meat Marketing Program (SPS-LMM) Texas A&M University System: Feed
Resources Availability in Tigray Region, northern Ethiopia, for Production of Export
Quality Meat and Livestock.

171



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

Yifat D., Bahilibi W. and Desie S. (2012): Reproductive performance of Boran cows
atTatesa cattle breeding center. Advances in Biological Research, 6(3): 101-105.

Yifat D., Kelay B., Bekana M., Fikre L., Gustafsson H. and Kindahl H. (2009): Study on
reproductive performance of crossbred dairy cattle under smallholder conditions in
and around Zeway, Ethiopia. Livestock Research for Rural Development, 21(6).
Available at http://www.lIrrd.org/Irrd21/6/yifa21088.htm.

Yitaye A. (2008): Characterization and analysis of the urban and peri-urban dairy
productionsystems in the North Western Ethiopian highlands. PhD thesis, BOKU -
University of Natural Resources and Applied Life Sciences, Vienna, Austria.

Yitaye A., Maria W., Azage T. and Werner Z. (2009): Performance and limitation of two
dairy production systems in the Northwestern Ethiopian Highlands. Tropical Animal
Health and Production, 41(7): 1143-1150.

Yitaye A., Maria W., Azage T. and Werner Z. (2011): Socio-economic characteristics of
urban and peri-urban dairy production systems in the North western Ethiopian
highlands. Tropical Animal Health and Production, 43:1145-1152.

Yitaye A., Maria W., Azage T., and Wemer Z. (2007): Urban and peri- urban farmin
systems and utilization of the natural resources in the North Ethiopian Highlands.
PP.5. Conference on International Agricultural Research for Development,
University of KasselWitzenhausen and University of Goéttingen, October 9-11, 2007,
Germany.

Yitaye A., Wurzinger M., Azage T. and Zollitsch W. (2009): Handling, processing and
marketing of milk in the North western Ethiopian highlands. Livestock Research for
Rural Development, 21(7). Available http://www.Irrd.org/lrrd21/7/ayen21097.htm.

Yoseph M., Azage T., Alemu Y. and Ummuna N. N. (2003): Milk Production,
milkcomposition and body weight change of crossbred dairy cows in urban and peri-
urban dairyproduction systems in Ethiopia. PP. 185-192. In: Proceedings of the 12th
annual conference ofthe Ethiopian Society of Animal Production (ESAP) held in
Addis Ababa, Ethiopia, August22-24, 2002.

172



Yoseph Mekasha (1999): Impact of feed resources on productive and reproductive
performance of dairy cows in the urban and peri-urban dairy production system in
the Addis Ababa milk shed and evaluation of non-conventional feed resources using
sheep. MSc Thesis, Alemaya University, Dire Dawa, Ethiopia.

Yoseph S., Tenhagn B., Merga B. and Tesfu K. (2003): Reproductive performance of
crossbred dairy cows in different production systems in the central Highlands of
Ethiopia. Tropical Animal Health and Production, 35(6): 551-561.

Zelalem Y. (2012): Microbial Properties of Ethiopian Marketed Milk and Milk Products
and Associated Critical Points of Contamination: an Epidemiological Perspective,
Epidemiology Insights, Dr. Maria De Lourdes Ribeiro De Souza Da Cunha (Ed.),
ISBN: 978-953-51-0565-7.http://www.intechopen.com/books/epidemiology
insights/microbialproperties-of-marketed-milk-and-ethiopian-fermented-milk-
productsand-associated-critical.

Zelalem Y., Emannuelle G. B. and Ameha S. (2011). A review of the Ethiopian dairy
sector. Ed. Rudolf Fombad, R., Food and Agriculture Organization of the United
Nations. Sub regional office for Eastern Africa (FAO/SFE), Addis Ababa, Ethiopia.

Zemenu Y., Mekonen H., Kelay B. and Bimrew A. (2014): Characterization of dairy
cattle production systems in Debre-markos district, Amhara Regional State,
Ethiopia. Pacesetter Journal of Agricultural Research, 2(4): 42-51.

Zewdie W., Yoseph M. and Bram W. (2011): Assessment of productive and reproductive
performance of dairy cattle nexus with feed availability in selected periurban areas
of Ethiopia. Journal of Cell and Animal Biology, 5(15): 308-315.

Zewdie Wondatir (2010): Livestock Production Systems in Relation with
FeedAvailability in the Highlands and Central Rift Valley of Ethiopia. MSc Thesis,
Haramaya University, Ethiopia.

Zewdu W. (2004): Indigenous cattle genetic resources, their husbandry practices and
breeding objectives in north-western Ethiopia. MSc Thesis, Alemaya University,
Ethiopia.

Zhangrui C., Chike F. Oguejiofor, Theerawat Swangchan-Uthai, Susan C. and Claire W.
D. (2015): Relationships between Circulating Urea Concentrations and Endometrial
Function in Postpartum Dairy Cows. Animals (Basel), 5: 748-773.

173



Zinash S. and Seyoum B. (1989): Utilization of Feed Resources and Feeding Systems in
the Central zone of Ethiopia. PP. 129-132. In: Proceedings of the Third National
Livestock Improvement Conference. 24-26 May 1989. Addis Ababa, Ethiopia.

Zinash S. and Seyoum B. (1991): Utilization of feed resources and feeding systems in the
central zone of Ethiopia. Proceedings of the 3 National Livestock Improvement
Conference, Addis Ababa, Ethiopia. pp. 129-132.

Zinash S., Seyoum B., Lulseged G. and Tadesse T. (1995): Effect of Harvesting Stage on
Yield and Quality of Natural Pasture in the Central High-Lands of Ethiopia. Addis
Ababa, Ethiopia. In: Proceedings of the 3" Annual Conference of the Ethiopian
Society of Animal Production. 27-29 April 1995. pp. 316-322.

Zoli A.P., Guilbault L.A., Delahaut P., Ortiz W.B. and Beckers J.F. (1992):
Radioimmunoassay of a bovine pregnancy-associated glycoprotein in serum: its
application for pregnancy diagnosis. Biology of Reproduction, 46: 83-92.

174



8. APPENDICES

Appendix A. Questionnaire used in the study (site specific information)

Survey Site: Kebele Name Urban, Peri urban

Farm Type (small, medium or large)

Enumerator Name Date of interview / /

1. House Hold Characteristics
1.1. Education level of the respondent
1. llliterate 2. Read and write 3. Primary school 4. Secondary school 5. Traditional
schooling 6. Diploma and above
1.2. Sex of the household head
1. Male |:| 2. Female |:|
1.3. Age of the respondent (yrs) 1. Under 20 2. 20-293. 30-39 4. 40-49 5. 50-59
6. 60-69 7. Above 70

1.4. Number of family members in the household

1.4.1. Occupational status of household members 1. Business man 2. House wife
3. Farmer and/or dairy cows owner 4. Government employee 5. Non government

employee 6. Investor 7. Retired personnel's 8. Other/s

1.4.2. Marital status of the respondent 1. Married 2. Single 3. Divorced
4 other

1.5. Land holding/farm size (hectares)
1.5.1. Land use

1. Crop production 2. Grazing* 3. Forage production
*other than communal grazing

1.5.2. Land ownership

1.0wn 2. Lease 3.0wn and lease 4. Others
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2. Livestock Typeand Herd Composition

Livestock type Composition Average Number
Cattle Milking cows Local
Crosses
Pregnant cows Local
Crosses
Non-pregnant cows Local
Crosses
Dry cows Local
Crosses
Total cows Local
Crosses
Oxen Local
Heifers Local
Crosses
Bull Crosses
Female calves Local
Crosses
Male calves Local
Crosses
Sheep
Goats
Chicken
Horses
Donkeys
Mules

3. Dairy Productionand Management Practices

3.1. Experience in keeping dairy animals (yrs)? 1. 1-3 2.4-7 3.8-11 4.12-15 5.>15
3.2. Source of dairy animals

1. Ranch through Agriculture offices 2. Ranch through service cooperatives 3. Gift
from family 4. Gift from NGOs 5. Purchased from local market 6. Given from
relatives and/friends 7. Rearing (own source)

3.3. Currently how many crossbred dairy cows you have? 1. <3 2. 3-10 3.>10

4. Others_

3.4. Why you keep dairy cattle? 1. To produce milk for home consumption 2. To
produce milk to generate income 3. To produce milk for home consumption and to

generate income 4. To use for gift 5. Others
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3.5. How do you differentiate among the different dairy cows in your flock?

1. Color 2. Size 3. Milk quantity 4. Using ear tag 5. Local name 6. Others (specify)
3.6. Who is mainly responsible for the dairy cattle? 1. Female head 2. Male head

3. Children 4. Other laborer 5. All family members 6. Other

3.7. What are the main types of dairy cattle feeding systems?

1. Grazing 2. Tethering 3. Stall feeding 4. Combination of feeding systems 5. Other

3.8. Is there separate house for dairy cattle? 1. Yes :] 2. No :]

3.8.1. If yes what is the housing type for dairy cattle? 1. Open sided house 2. Closed
sided house 3. Normal house 4. No separate house 5. Others
3.8.2. If no separate house, how you keep them? 1. Together with other animals 2.

Together with family 3. Freely in the compound 4. Others

3.9. Dairy farm sanitation 1. Good 2. Fair or medium 3. Dirty looking 4. Difficult to
judge 5. Other

3.10. If there recording system in the farm? 1. Yes [:]2. No [:]

3.10.1. If yes, what parameters are recorded?

3.10.2. If there is no record, why?

3.11. Do you wean your calf? 1. Yes |:| 2.No |:|

3.12. System of weaning exercised by the owner? 1. Isolation and herding separately

2. Protection from suckling without isolation 3.0thers

3.13. Do you practice culling? 1. Yes [ ]2.No [ ]

3.14. If yes, why do you cull?

1. Disease 2. Age 3. Infertility 4. Low milk yielder 5. Financial difficulties
6. Other (specify)
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4. Feed Resources and FeedingSystems

4.1. What are the primary sources of feeds for your dairy cows in each month? Write in

the table below.

Season/Month
Source Spring Winter | Autumn Summer Specify each type of
S|O D|J|F|[M|A[M]June|July| Aug | feed eg. Teff straw,

wheat straw, wheat
bran, wheat short,
Sesbhania, oat, vetch,
alfalfa, Napier grass
etc.)

Communal

pasture land

Private  pasture

land

Hay

Backyard forage

Improved forage

Crop residues

Supplementary
feed (feed
supplements)

Others, specify

4.2.
4.3.

Do you use feed supplements for your dairy cattle? 1. Yes

2. No

Frequency of providing feed supplements for dairy cattle and/cows

1. Once aday 2. Twice a day 3. Three times a day 4. Four times a day 5. No

supplements

4.4. When you mostly supplement your dairy cows? 1. Early pregnancy

2. Mid

pregnancy 3. Late pregnancy 4. During milking period 5. During dry period 6. Other

4.5. How frequently do you provide water for dairy cattle and/cows?

1. Roam freely 2. Once a day 3. Twice a day 4. Three times a day 5. Every other day

6. Other

178




5. Breeding, Productiveand Reproductive Performancesof Dairy Cattle

5.1. Do you detect estrous in cows? 1. Yes 2. No

5.2. In which month/season of the year you detect estrous mostly?

5.3. What is the average age at first service (AFS) for crossbred dairy heifer? months

5.4. What are the average times of services for female to become pregnant? times

5.5. Do you measure the amount of milk produced per cow per day? 1. Yes
2. No
5.6. If yes, what is the average daily milk yield (ADMY!/liter/day) per crossbred cow in

your farm? liters/day
5.7. Was there anoestrus problem in your cows or heifers? 1. Yes [ J2.No [ ]

If yes, what do you think the reason/s?

5.8. What is the average age at first calving (AFC) for crossbred dairy heifer?____months

5.9. Calving interval (ClI) for crossbred dairy cows? months

5.10. Intervals from calving to conception (CCI) for crossbred dairy cows? days
5.11. What type of breeding system do you use for service?
1. Natural (bull service) 2. Atrtificial insemination 3. Both systems 4.
Other

6. Reproductive Health Problems and Veterinary Services Provider/s
6.1. Are there reproductive health problems? 1. Yes [ ] 22.No [ ]
6.2. Source of drug and veterinary service

1. Government clinic 2. Private clinic/ veterinary drug shop 3. Both 4. Others

7. Milk and Milk Products Marketing
7.1. Do you sell milk and milk products? 1. Yes 2. No

7.2. 1f no, why? 1. Less production 2. Marketing problems 3. Lack of awareness
4. All 5. Other
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7.3. Marketing problems

8. Constraints and Opportunities

What are the major constraints and opportunities of dairy production in yourarea?

Major constraints

No ok wdPE

Opportunities

© N o o~ w DN PE
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Appendix B 1.Sample pictures of interview with urban and peri-urban dairy producers

and situation of dairy farms
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Appendix B 2. Sample pictures from the feeding trial

Mixed dairy ration (formulated feed) Experimental rations according treatments
) )] y

Individual feeding Researcher providing experimental ration

First parity cow with her calve (formulated feed) = Cows feed formulated ration
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First parity cow from the control group Cow from the control group (fed farm ration)

Crash done for pregnancy diagnosis Cow on a crash (fed formulated diet)
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Sample results of day 30 pregnancy diagnosis by rectal ultrasound
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Appendix C 1. Summary of ANOVA table for daily dry matter and nutrient intakes per

cow during prepartum period of crossbred dairy cows fed different diets

Tests of Between-Subjects Effects

Source of | Dependent df Type Il Sum of Mean Square F-value P-value | Sig.level
variation Variables Squares
(Prepartum period)
Concentrate intake
on DM basis 2 28.703 14.351 150.173 0.000 -
Hayintake on DM | 32.546 16.273 21.081 | 0.000 -
basis
Total daily feed
Trt intake/cow (DM) 2 5.328 2.664 2.775 0.064 NS
Total CP intake on
DM basis 2 98417015.432 49208507.716 | 1467.104 0.000 .
Total ME,
MJ/day/cowon DM | 2 1089.473 544,736 8.154 0.000 xR
basis
Concentrate intake | 4 1114 0.371 3886 | 0.010 =
on DM basis
1 *kk
E'gs'”take onbM | 5 19.332 6.444 8348 | 0.000
Total daily feed
Parity intake/cow (DM) 3 11.642 3.881 4.043 0.008 .
Total CP intake on
DM basis 3 134947.103 44982.368 1.341 0.261 NS
Total ME,
MJ/day/cow on DM | 3 552.357 184.119 2.756 0.043 *
basis
Concentrate intake
on DM basis 285 27.236 0.096
E'aY intake on DM | o0 220.006 0.772
asis
Total daily feed
Error intake/cow (DM) 285 273.559 0.960
Total CP intake on | ,qp 9559255.167 33541.246
DM basis
Total ME,
MJ/day/cow on DM | 285 19039.900 66.807
basis
Concentrate intake
on DM basis 291 2697.840
Ha)_/ intake on DM 201 15203.630
basis
Total daily feed
Total intake/cow (DM) 291 30420.710
Total CPintake on | 591 | 189694639.000
DM basis
Total ME,
MJ/day/cow on DM | 291 2286989.940

basis
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Appendix C 2. Summary of ANOVA table for daily dry matter and nutrient intakes per

cow during early post-partum period of crossbred dairy cows fed different diets

Tests of Between-Subjects Effects

Source of Dependent df | Type Il Sum of Squares | Mean Square F P- | Sig.
variation Variable (Milking period) value | level
Concentrate intake
o1 DM basis 2 981.197 490.599 278.223 |0.000| ..,
1 *k*k
E';gi’s'”take onDM 502.632 251316 | 141.950 | 0.000
Total daily feed falele
Trt intake/cow (DM) | 2 433.479 216.740 53.467 |0.000
1 *k*k
Total CP intake on |, 453612436299 | 226806218.150 | 1943.674 | 0.000
DM basis
Total ME, 2 91012.757 45506379 | 98.064 |0.000]
MJ/day/cow
Concentrate intake
o DM basic 3 230.864 76.955 43.642 0.000| ...
1 *k*k
Egi’s'”take onDM 1 5 240,209 80.070 45.226 |0.000
. Total daily feed wx
Parity intakelcow OM) | 3 112.205 37.402 9.227 |0.000
Total CP intake on | 4 2283210.342 761070114 | 6522 |0.000|
DM basis
Total ME, 3 15734.611 5244.870 11.302 |0.000|
MJ/day/cow
Concentrate intake | | 1/, 1893.819 1.763
on DM basis
Hay intake on DM |7 1901.464 1.770
basis
Total daily feed
Error intake/cow (DM) 1074 4353.666 4.054
Total CPintake on |, o7 | 195354467 399 116689.444
DM basis
Total ME,
MI/dayloow 1074 498389.123 464.049
Concentrate intake
o DM basis 1080 49905.480
Hay intake on DM | 1080 55599.310
?aSisl daily feed
otal dai y Tee
Total intake/cow (DM) | 1989 204218.470
Total CPintake on |, har | 7859635680 340
DM basis
Total ME,
Ml/daylcow 1080 22526340.030
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Appendix C 3. Summary of ANOVA table for pre and post-partum body condition score
of crossbred dairy cows fed different diets

Tests of Between-Subjects Effects

Source Dependent Variables df Type 11 Sum of Mean F-value| P-value | Sig.
of Squares Square level
variation
BCS of cows before 2 0.510 0.255 |3.769| 0.087 | NS
calving
Trt BCSat5to 12 daysafter | 0.844 0422 |9.000| 0.016 | *
calving
BCS at day 60 after calving | 2 1.292 0.646 9.300 [ 0.015 *
BCS of cows before 3 0.625 0208 |3.077| 0.112 | NS
calving
Parity BCS at 5 to 12 days after 3 0.688 0.229 4889 | 0047 -
calving ' ' ' '
BCS at day 60 after calving | 3 1.349 0.450 6.475| 0.026 *
BCS_ of cows before 6 0.406 0.068
calving
Error BCS at 5 to 12 days after
calving 6 0.281 0.047
BCS at day 60 after calving | 6 0.417 0.069
BCS of cows before 12 121.875
calving '
Total BCS at 5 to 12 days after
calving 12 119.000
BCS at day 60 after calving |12 103.688
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Appendix C 4. Summary of ANOVA table for reproductive parameters of crossbred
dairy cows fed on different diets

Tests of Between-Subjects Effects

Source of Dependent Variable df | Type Il Sum of Mean F- P- Sig.
variation Squares Square value | value | level
Intervals from calvingto | , 921.933 460967 | 7547 | 0.023 | =
first heat (d)
Calving to first service -
interval (CFSI) (d) 2 354.100 177.050 | 5.944 | 0.038
Trt Calving to conception -
interval (CCI) (d) 2 390.900 195.450 |19.288 | 0.049
Calving interval in months 2 0.416 0.208 25.979 | 0.037 *
Number of services per
conception (NSC) 2 2.806 1.403 1.554 [ 0.286 | NS
Intervals from calvingto | 5 106.933 35644 | 0.193 | 0.894 | Ns
first heat (d)
Calving to first service
interval (CFSI) (d) 3 159.433 53.144 | 3.657 | 0.222 | NS
Parity Calving to conception -
interval (CCI) (d) 3 1091.233 363.744 | 35.896 | 0.027
Calving interval in months 3 1.352 0.451 56.313 | 0.017 *
Number of services per
conception (NSC) 3 2.222 0.741 0.617 [ 0.633 | NS
Intervals from calving to
first heat (d) 2 369.067 184.533
Calving to first service
interval (CFSI) (d) 2 29.067 14.533
Error Calving to conception
interval (CCI) (d) 2 20.267 10.133
Calving interval in months 2 0.016 0.008
Number of services per
conception (NSC) 2 0.000 0.000
Intervals from calving to
first heat (d) 8 11036.000
Calving to first service
interval (CFSI) (d) 8| 28975.000
Total Calving to conception
interval (CCI) (d) 8| 36179.000
Calving interval in months 8 1062.630
Number of services per 8 14.000

conception (NSC)
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Appendix C 5. Summary of ANOVA table for average daily milk yields (liters/day/cow)
of crossbred dairy cows fed on different diets

Tests of Between-Subjects Effects

Source of Dependent df | Type Il Sum of Mean | F-value |P- Sig.

variation Variable Squares Square value | level

Trt Total average daily | 4760677 | 2384.839 |539.436| 0.000 | **
milk yield (liters)

Parity Total average daily| 1883.224 627.741 [141.991|0.000 | ***
milk yield (liters)

Error Total average daily | 74| 474 139 4.421
milk yield (liters)

Total Total average daily | | 10611 495

milk yield (liters)
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Appendix C 6. Summary of ANOVA table for milk composition (%) of crossbred dairy
cows fed on different diets

Tests of Between-Subjects Effects

Source of variation | Dependent Variable | df | Type I1l Sum of Squares | Mean Square | F-value | P-value | Sig. level
Milk PH 2 0.001 0.000 3.327 | 0.107 NS
Milk acidity% 2 0.001 0.000 2.612 | 0.153 NS
Milk fat% 2 0.201 0.100 0.180 | 0.840 NS
Milk protien% 2 0.154 0.077 1.582 | 0.281 NS
Trt Milk SNF% 2 0.104 0.052 0.229 | 0.802 NS
Milk density (G/ML) | 2 0.006 0.007 0.175 | 0.844 NS
Milk Total Solids% 2 1.203 0.601 0.751 | 0.512 NS
Milk Lactose% 2 0.062 0.031 0.273 | 0.770 NS
Milk Ash% 2 0.003 0.001 2.333 | 0.178 NS
Milk Temp.(°C) 2 0.287 0.143 510 0.624 NS
Milk PH 3 0.001 0.000 2.545 | 0.152 NS
Milk acidity% 3 0.000 0.005 0.254 | 0.856 NS
Milk fat% 3 0.952 0.317 0.569 | 0.656 NS
Milk protien% 3 0.379 0.126 2.605 | 0.147 NS
Parity Milk SNF% 3 2.077 0.692 3.040 | 0.114 NS
Milk density (G/ML) | 3 0.005 0.006 2.256 | 0.182 NS
Milk Total Solids% 3 2241 0.747 933 0.481 NS
Milk Lactose% 3 0.716 0.239 2.116 | 0.200 NS
Milk Ash% 3 0.016 0.005 8.333 | 0.015 NS
Milk Temp.(°C) 3 0.415 0.138 493 0.700 NS
Milk PH 6 0.001 0.000
Milk acidity% 6 0.001 0.000
Milk fat% 6 3.347 0.558
Milk protien% 6 0.291 0.049
Error Milk SNF% 6 1.366 0.228
Milk density (G/ML) | 6 0.005 0.006
Milk Total Solids% 6 4.805 0.801
Milk Lactose% 6 0.677 0.113
Milk Ash% 6 0.004 0.001
Milk Temp. (°C) 6 1.685 0.281
Milk PH 12 530.273
Milk acidity% 12 0.472
Milk fat% 12 229.140
Milk protien% 12 138.188
Total Milk SNF% 12 728.177
Milk density (G/ML) |12 12.682
Milk Total Solids% 12 1738.650
Milk Lactose% 12 170.955
Milk Ash% 12 6.847
Milk Temp. (°C) 12 15453.750
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Appendix C 7. Summary of ANOVA table for blood parameters at calving of crossbred dairy cows fed on different diets

Tests of Between-Subjects Effects

Source of variation | Dependent Variable df | Type Ill Sum of Squares | Mean Square | F-value | P-value | Sig. level
Plasma albumin (g/dl) level at calving 2 0.013 0.006 0.264 0.776 NS
Plasma globulin (g/dl) level at calving 2 0.716 0.358 0.358 0.713 NS
Plasma AST (IU/L) level at calving 2 71.007 35.503 1.754 0.251 NS
Trt Plasma cholesterol (mg/dl) level at calving 2 2511.927 1255.963 6.022 0.037 *
Plasma glucose (mg/dl) level at calving 2 26.247 13.123 0.467 0.648 NS
Plasma total protien (g/dl) level at calving 2 0.639 0.320 0.292 0.757 NS
Plasma urea (mg/dl) level at calving 2 889.940 444,970 8.152 0.011 **
Plasma triglycerides (mg/dl) level at calving 2 121.722 60.861 1.483 0.300 NS
Plasma albumin (g/dl) level at calving 3 0.331 0.110 4.592 0.054 NS
Plasma globulin (g/dl) level at calving 3 6.152 2.051 2.050 0.208 NS
Plasma AST (IU/L) level at calving 3 212.417 70.806 3.497 | 0.090 NS
Parity Plasma cholesterol (mg/dl) level at calving 3 780.869 260.290 1.248 0.372 NS
Plasma glucose (mg/dl) level at calving 3 254.196 84.732 3.017 0.116 NS
Plasma total protien (g/dl) level at calving 3 4.553 1.518 1.388 0.334 NS
Plasma urea (mg/dl) level at calving 3 94.943 31.648 0.580 0.649 NS
Plasma triglycerides (mg/dl) level at calving 3 16.249 5.416 0.132 | 0.938 NS
Plasma albumin (g/dl) level at calving 6 0.144 0.024
Plasma globulin (g/dl) level at calving 6 6.002 1.000
Plasma AST (IU/L) level at calving 6 121.473 20.246
Error Plasma cholesterol (mg/dl) level at calving 6 1251.353 208.559
Plasma glucose (mg/dl) level at calving 6 168.527 28.088
Plasma total protien (g/dl) level at calving 6 6.562 1.094
Plasma urea (mg/dl) level at calving 6 513.553 85.592
Plasma triglycerides (mg/dl) level at calving 6 246.258 41.043
Plasma albumin (g/dl) level at calving 12 120.759
Plasma globulin (g/dl) level at calving 12 280.777
Plasma AST (IU/L) level at calving 12 50767.460
Total Plasma cholesterol (mg/dl) level at calving 12 114006.250
Plasma glucose (mg/dl) level at calving 12 39905.770
Plasma total protien (g/dl) level at calving 12 758.937
Plasma urea (mg/dl) level at calving 12 12203.200
Plasma triglycerides (mg/dl) level at calving 12 8679.250
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Appendix C 8. Summary of ANOVA table for ealy post-partum blood plasma parameters at day 7 after calving of crossbred
dairy cows fed on different diets

Tests of Between-Subjects Effects

Source of variation Dependent Variable df| Type Il Sum of Squares | Mean Square |F-value|P-value|Sig.level
Plasma albumin (g/dl) level at day 7 after calving 2 0.090 0.045 0.671 | 0.546 NS
Plasma globulin (g/dl) level at day 7 after calving 2 0.771 0.386 0.426 | 0.671 NS
Plasma AST (IU/L) level at day 7 after calving 2 429.382 214.691 2.319 | 0.179 NS
Trt Plasma cholesterol (mg/dl) level at day 7 after calving 2 254.727 127.363 0.711 | 0.528 NS
Plasma glucose (mg/dl) level at day 7 after calving 2 109.832 54.916 1.549 | 0.287 NS
Plasma total protien (g/dl) level at day 7 after calving 2 0.466 0.233 0.276 | 0.768 NS
Plasma urea (mg/dl) level at day 7 after calving 2 210.065 105.032 9.915 | 0.013 *x
Plasma triglycerides (mg/dl) level at day 7 after calving 2 192.652 96.326 8.234 | 0.019 *
Plasma albumin (g/dl) level at day 7 after calving 3 0.551 0.184 2.727 | 0.137 NS
Plasma globulin (g/dl) level at day 7 after calving 3 5.726 1.909 2.109 | 0.201 NS
Plasma AST (IU/L) level at day 7 after calving 3 453.403 151.134 1.633 | 0.279 NS
Parity Plasma cholesterol (mg/dl) level at day 7 after calving 3 369.177 123.059 0.687 | 0.592 NS
Plasma glucose (mg/dl) level at day 7 after calving 3 207.489 69.163 1.951 | 0.223 NS
Plasma total protien (g/dl) level at day 7 after calving 3 4,583 1.528 1.808 | 0.246 NS
Plasma urea (mg/dl) level at day 7 after calving 3 55.876 18.625 1.758 | 0.255 NS
Plasma triglycerides (mg/dl) level at day 7 after calving 3 27.643 9.214 0.788 | 0.543 NS
Plasma albumin (g/dl) level at day 7 after calving 6 0.404 0.067
Plasma globulin (g/dl) level at day 7 after calving 6 5.431 0.905
Plasma AST (IU/L) level at day 7 after calving 6 555.445 92.574
Error Plasma cholesterol (mg/dl) level at day 7 after calving 6 1074.313 179.052
Plasma glucose (mg/dl) level at day 7 after calving 6 212.748 35.458
Plasma total protien (g/dl) level at day 7 after calving 6 5.069 0.845
Plasma urea (mg/dl) level at day 7 after calving 6 63.562 10.594
Plasma triglycerides (mg/dl) level at day 7 after calving 6 70.195 11.699
Plasma albumin (g/dl) level at day 7 after calving 12 115.437
Plasma globulin (g/dl) level at day 7 after calving 12 310.730
Plasma AST (IU/L) level at day 7 after calving 12 56668.130
Total Plasma cholesterol (mg/dl) level at day 7 after calving 12 142921.820
Plasma glucose (mg/dl) level at day 7 after calving 12 40193.570
Plasma total protien (g/dl) level at day 7 after calving 12 793.070
Plasma urea (mg/dl) level at day 7 after calving 12 11768.690
Plasma triglycerides (mg/dl) level at day 7 after calving 12 8283.330
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Appendix C 9. Summary of ANOVA table for ealy post-partum blood plasma parameters at day 14 after calving of crossbred dairy cows fed on

different diets

Tests of Between-Subjects Effects

Source of variation _|Dependent Variable df Type Il Sum of Squares | Mean Square | F-value [ P-value [ Sig. level
Plasma albumin (g/dl) level at day 14 after calving 2 0.065 0.032 0.145 | 0.868 NS
Plasma globulin (g/dl) level at day 14 after calving 2 0.517 0.259 0.228 | 0.803 NS
Plasma AST (IU/L) level at day 14 after calving 2 52.512 26.256 0.146 | 0.867 NS
Tt Plasma cholesterol (mg/dl) level at day 14 after calving 2 292.987 146.493 0.859 | 0.470 NS
Plasma glucose (mg/dl) level at day 14 after calving 2 650.912 325.456 1.383 | 0.321 NS
Plasma total protien (g/dl) level at day 14 after calving 2 4.562 2.281 12.324 | 0.008 foled
Plasma urea (mg/dl) level at day 14 after calving 2 1420.812 710.406 23.091 | 0.002 faled
Plasma triglycerides (mg/dl) level at day 14 after calving 2 11.612 5.806 0.207 | 0.819 NS
Plasma albumin (g/dl) level at day 14 after calving 3 0.304 0.101 0.455 | 0.723 NS
Plasma globulin (g/dl) level at day 14 after calving 3 5.968 1.989 1.753 | 0.256 NS
Plasma AST (IU/L) level at day 14 after calving 3 779.529 259.843 1.449 | 0.319 NS
Parity Plasma cholesterol (mg/dl) level at day 14 after calving 3 322.502 107.501 0.630 | 0.622 NS
Plasma glucose (mg/dl) level at day 14 after calving 3 334.867 111.622 0.474 | 0.712 NS
Plasma total protien (g/dl) level at day 14 after calving 3 1.574 0.525 2.836 | 0.128 NS
Plasma urea (mg/dl) level at day 14 after calving 3 151.540 50.513 1.642 | 0.277 NS
Plasma triglycerides (mg/dl) level at day 14 after calving 3 27.750 9.250 0.329 | 0.805 NS
Plasma albumin (g/dl) level at day 14 after calving 6 1.333 0.222
Plasma globulin (g/dl) level at day 14 after calving 6 6.810 1.135
Plasma AST (IU/L) level at day 14 after calving 6 1075.848 179.308
Error Plasma cholesterol (mg/dl) level at day 14 after calving 6 1023.240 170.540
Plasma glucose (mg/dl) level at day 14 after calving 6 1412.108 235.351
Plasma total protien (g/dl) level at day 14 after calving 6 1.110 0.185
Plasma urea (mg/dl) level at day 14 after calving 6 184.595 30.766
Plasma triglycerides (mg/dl) level at day 14 after calving 6 168.615 28.103
Plasma albumin (g/dl) level at day 14 after calving 12 108.385
Plasma globulin (g/dl) level at day 14 after calving 12 342.997
Plasma AST (IU/L) level at day 14 after calving 12 57002.190
Total Plasma cholesterol (mg/dl) level at day 14 after calving 12 162809.270
Plasma glucose (mg/dl) level at day 14 after calving 12 32718.740
Plasma total protien (g/dl) level at day 14 after calving 12 955.632
Plasma urea (mg/dl) level at day 14 after calving 12 19024.200
Plasma triglycerides (mg/dl) level at day 14 after calving 12 8560.940
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