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Performance of Ankole and crossbred cattle in Rwanda

Abstract

The general aim of this thesis was to evaluate how effective crossbreeding could be
for increasing productivity in meat and milk production in Rwanda. This was done
by assessing performance of Ankole (A) and its crossbreds with exotic breeds: Brown
Swiss (B), Holstein Friesian (F), Jersey (J) and Sahiwal (S). Paper I-111 were generated
from records collected on growth, reproduction and milk yield of cattle genotypes from
research stations and paper 1V was based on survey data from farms in three agroecolog-
ical zones.

Birth weight for Ankole-Jersey calves were significantly lower (25.8 kg) than for
the other crossbreds, which did not differ from each other (27.5-28.4 kg). Ankole-Frie-
sian calves (AF) were heavier than all other crossbreds at weaning (182 kg vs 152-168
kg) (Paper ).

In Paper |1, the breed group had a significant effect on intervals from calving to
first or last inseminations (CFI, CLI), calving interval (Cl), and conception rate (CR).
The cross AF had higher CR than the purebred Ankole and AS (78% vs 71% and 67%),
and AS had lower CR than AJxS and AJ (67% vs 75% and 73%). Purebred Ankole (AA)
had longer CFI and CL1I than all crossbreds except AF and hade 54 days longer CI than
all crossbreds (498 vs 445 days).

In the study on milk yield (Papers 111-1V), AA had the lowest average daily milk
yield (2.0 L); AA also tended to have longer lactation length. Among the crossbreds,
there was no significant difference in milk yield between AF, AJxS, and ASxJ (4.4-4.7
L), nor between AS and ASxS (3.3 L). Paper IV revealed significant breed effects on the
average milk yield, with AF producing less milk per day (8.6 L) compared with purebred
Holstein Friesian (14 L). Among zones, Eastern agroecological zone recorded the highest
daily milk yield, which was estimated at 14.9 L compared to 9.4, 9.2, and 8.5 L in Bi-
runga, Central and Western agroecological zones, respectively. Generally, a crossbred of
Ankole and Holstein Friesian (AF) had good growth, good conception rate, and high
production, but still as long calving to first insemination and calving to last insemination
intervals as Ankole.
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Performance of Ankole and crossbred cattle in Rwanda

Abstract

Det huvudsakliga syftet med denna avhandling var att utvardera hur val inkorsning med
importerade raser kan fungera som ett sétt att dka produktiviteten i mjolk- och
kottproduktionen i Rwanda. Renrasig lokal Ankole (A) och dess korsningar med Brown
Swiss (B), Holstein Friesian (F), Jersey (J) och Sahiwal (S) jamférdes under samma
forhallanden. | de tre forsta artiklarna analyserades information om vikter och tillvaxt,
fruktsamhet och mjolkavkastning fran forsoksstationer och i den sista artikeln anvandes
information inhamtad fran besattningar i tre olika klimatzoner i Rwanda.

Fodelsevikten for Ankole-Jersey (AJ) korsningskalvar var signifikant 1agre (25,8
kg) an for dvriga korsningar, vilka inte skilde sig fran varandra i fodelsevikt (27,5-28,4
kg). Ankole-Friesian kalvar (AF) var tyngre &n alla andra korsningar vid avvénjning (182
kg mot 152-168 kg).

Fruktsamhetsegenskaperna paverkades ocksa av kons genotyp: AF hade béttre
draktighetsprocent &n béde renrasig Ankole (AA) och Ankole-Sahiwal korsningar (AS)
(78 % vs 71 % och 67 %) och AS hade samre dréktighetsprocent an AJxS och AJ (67 %
vs 75 % och 73 %). Renrasig Ankole hade langre intervall fran kalvning till forsta eller
sista insemination &n alla korsningar (utom AF) och 54 dagar langre kalvningsintervall
an alla korsningar (498 vs 445 dagar).

Ankole hade lagst daglig mjélkavkastning (2,0 1.) men AA tenderade ocksa till
att ha langre laktationer. Bland korsningarna fanns ingen skillnad mellan AF, AJxS och
ASxJ (4,4-4,7 1.), och inte heller mellan AS och ASxS (3,3 I.). N&r mjolkavkastningen
jamfordes ute i kommersiella besattningar, hade AF lagre mjolkproduktion &n ren
Holstein Friesian (8,6 vs 14 1l.). Hogst mjolkavkastning uppméttes i den Ostra
klimatzonen, 14,9 1. jamfért med 9,4, 9,2 och 8,5 I. i Birunga, centrala respektive véstra
zonen.

Generellt hade AF korsningar bra tillvaxt, bra draktighetsprocent och relativt hog
mjolkavkastning men lika langa intervall fran kalvning till forsta eller sista insemination
som renrasig Ankole.
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1 Introduction

Rwanda is a land-locked country in the Great Lakes region of Eastern
and Central Africa. The country lies within latitudes 1° and 3°S and
longitudes 29° and 31°E. The topography is dominated by a mountain-
ous plateau that falls from the west to east, ranging from 4,500 metres
above sea level at the highest point in the west to around 1,000 metres
in the east (ISAR, 1987). The total surface area is 26,338 km?, includ-
ing areas under water. Rwanda’s population is about 12 million people
with annual growth rate of 2.4%. Population density has increased
from 321 persons per km? in 2002 to 445 persons per km? in 2015, the
highest in Africa (NISR, 2016).

The country is divided into four major agroecological zones: (1) East-
ern Savannah (ESAZ); (2) Eastern Plateau (EPAZ); (3) Central Plat-
eau and granitic ridge (CPAZ) and (4) Congo-Nile western divide
(WAZ). Each agroecological niche (Fig. 1) requires unique technolog-
ical interventions and innovations to address constraints and opportu-
nities in the commodity value chains.

13


http://en.wikipedia.org/wiki/Landlocked_country
http://en.wikipedia.org/wiki/African_Great_Lakes
http://en.wikipedia.org/wiki/Africa

Agricultural Zones of Rwanda
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Fig.1. Agricultural zones of Rwanda (Delepierre, G. 1975)

Agriculture is affected by a bimodal type of rainfall, which generally
varies from 1300 mm to over 2000 mm in the north and north-west
(relatively wet throughout the year), while the east is characterized as
semi-arid, with annual rainfall between 750 mm and 1000 mm and
with distinct dry periods. There are four seasons. Short rains (season
SRS) falling between September and December and long rains (season
LRS) extending from March through May. The dry seasons extend be-
tween June and August (LDS) and January to February (SDS). The
rain is heavy in March and April, and decreases gradually in May. The
average temperatures range between 15 and 32 degrees Celsius.

Agriculture (mainly crop and livestock production) remains the back-
bone of Rwanda’s economy. It contributes about 31% of the GDP,
generates 60% of the foreign currency earnings and employs approxi-
mately 65% of the total population. Livestock contributes 3% of the
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GDP and about 10% of the agricultural GDP (NISR, 2016). In addition
to contributing to the country’s agricultural GDP, also like in other
sub-Saharan African countries, livestock plays several roles in the so-
cial economic wellbeing of the population (Delgado et al., 1999).
These include:

e Provision of milk and meat to the population all year round,
thus ensuring food and nutrition security.

e An investment opportunity that buffer farmers to inflation and
increases resilience to climate shocks.

e Provision of opportunity for nutrient use efficiently through in-
tegrated soil fertility management, particularly in smallholder
farming system. Livestock produce manure for crops. Fodder
planted on terraces provide feed to livestock while protecting
slopes from erosion and conserving water for crops.

e Provisions of other products including hides and skins for ex-
port, environmentally responsive household fuel for cooking,
especially in form of biogas; and traditional social security.

e Farm animal draft power that is important in agricultural pro-
duction; although utilization in Rwanda is low.

The average size of landholding is 0.33 hectare, therefore land access
for livestock production has been the most severe constraint in
Rwanda (MINAGRI, 2006). By accepting the reality that land is a fi-
nite resource, the government of Rwanda has adopted the policy of
land use intensification in arable crop and livestock agriculture as the
only environmentally sustainable option to keep continued growth of
the agricultural sector (FAO, 2009a).

The world’s population is projected to be 9.1 billion by 2050. Virtually
all the population increase is expected to take place in developing
countries. In 2010, the share of the African urban population was ap-
proximately 36% and is projected to increase to 50% and 60% by 2030
and 2050, respectively (United Nation, 2011). Population growth and
urbanization affect consumption and food consumption habits. Urban-
ization goes hand in hand with a shift in diet towards more meat and
dairy products (FAO, 2009b). As a result, the total demand for live-
stock products as source of proteins will almost double in sub-Saharan
Africa (Fig. 2), because of increased population density, urbanization
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and increased incomes (Seré et al., 2008). Presently, sub-Saharan Af-
rica has a deficit in livestock products and the situation is projected to
worsen owing to ever-increasing gap between supply and demand
(World Bank, 2008). In order to satisfy this growing demand, this gap
should be narrowed by changing the way animals are raised and im-
proving productivity and efficiency of resource use in the production
of animal source foods and products.
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~— Latin America and the Caribbean = Sub-Saharan Africa
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Fig. 2. Trends in consumption of livestock products per person (milk,
eggs, and dairy products, excluding butter) (FAO, 2009)

Actions for addressing the increased demand vary from one country to
another. In Rwanda, massive investments have been made in intensi-
fication and crop-livestock integration through the adoption of the
Comprehensive Africa Agriculture Development (CAADP) and Vi-
sion 2020. In the livestock subsector, a one cow per poor household
program popularly known as “Girinka program” that was initiated in
2006 has enabled the country to register a modest improvement in
productivity, with a corresponding increase in the consumption of live-
stock products. For instance, available data indicate that milk produc-
tion has increased fifteen-fold from 50,000 metric tons in 2000 to
750,000 metric tons in 2016 (NISR, 2017). Per capita consumption of
milk increased from approximately 40 litres per year in 2012 to 59

16



litres by 2016. However, projected estimates from the Ministry of Ag-
riculture and Animal Resources (MINAGRI) indicates that if the cattle
population grows at the current pace with unchanged production per
animal, the country will end up in a unsustainable situation where the
gap between supply and demand will continue to widen with time (Fig.
3). The gap between supply and demand suggests the need to raise the
productivity in the subsector. Reasons advanced for the low produc-
tivity are low access to improved animal genetic resources and low
standards of husbandry, including both breeding and feeding.

1,000 ‘%_
500
015 1016 017 018 2018 1020 1021 01 023 M 1025
et demand [including imparts and exports) IAilk Supgly {Projection of current trends)
Iilk Supply {With lrgraved pasameters)

Fig. 3. Projected milk supply and demand from year 2015 to 2025
(Rwanda Dairy Development Project) Source: MINAGRI livestock,
2016
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2 Background

2.1 Livestock production in Rwanda

2.1.1 Farming systems
There are four main dairy production systems in Rwanda.

i. Extensive grazing system. This system is common in the northern
and western highlands and part of eastern province where land per
household ranges from 5 to 25 hectare.

ii. Semi-intensive system. This system is prevalent in the eastern milk
shed, which has the largest cattle population (40%) and relatively large
land sizes per farmer that can be up to 25 ha and therefore adequate
for forage production, compared to the national average of 0.33
ha/household. This system evolved from the traditional extensive
communal grazing system following the introduction of land tenure
laws with confinement regulations, which led to a major shift in hus-
bandry and feeding practices.

iii. Intensive system. This system is ubiquitous in the country. Average
herd size and cultivated land per household range between 2 to 5 ani-
mals. The most common feeding system is stall/zero grazing/cut-and-
carry where animals are fed with forages, mostly Pennisetum pur-
pureum. This system has received significant outreach among the poor
through the Girinka programme and the communal kraal system.
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iv. Commercial dairy farming system. Also referred to as “modern”
stockbreeding. They are concentrated mainly in the suburbs of Kigali
and along the Kigali-Rwamagana highway. In this system, farmers
raise large number of mostly purebreds or crossbreeds and most of
these farms are managed by veterinary workers, and have large stocks
of animal health products.

2.1.2 Cattle population and products

Rwanda has made tremendous strides in rebuilding its livestock sector
in the last two decades since the 1994 socio-political crisis. Fig. 4
shows the trends in number of different species in the past ten years.
The cattle population is estimated at about 1.3 million head of which
45% are indigenous breeds, 33% crossbreds and 22% exotic breeds.
Total cattle population has increased more than twice from the pre-
1994 level of below 600,000 heads. The country counts about 700,000
sheep, 2.6 million goats, 1.7 million pigs and about 5 million layers,
broilers and indigenous chicken (MINAGRI, 2017).

Millions
()]

0
2006 2008 2010 2012 2014 2016 2018

Cattle Goats —@— Sheep Pigs —@— Rabbits —@— Poultry

Fig. 4. Trends of number of animal populations across years
(MINAGRI, 2017)
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Similarly, in past decade a corresponding increase in trends of live-
stock products has occurred (Fig. 5). Despite the larger (45%) repre-
sentation of local breeds to the national cattle herd, contribution to the
total milk production (731,000 t) is only 13% and crossbreeds contrib-
ute 33% while the large balance 53% comes from pure exotic breeds
(MINAGR, 2015). Most of the meat consumed in the country comes
from cattle (46%, out of which 65% comes from crossbreed cattle),
followed by swine (21%) while chicken, goat and sheep make up 17,
13 and 3%, respectively (MINAGR, 2017).
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Fig. 5. Trends of milk and meat (A) eggs, honey, hides and skins, and
fish (B) in Rwanda (tons) (NISR, 2017)
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2.1.3 Cattle breeds and crossbreeding in Rwanda

Ankole cattle (commonly used as dam line)

The Ankole is an ancient breed belonging to the Sanga group of cattle
in Africa and sometimes referred to as Bos Africanus (Fig. 6). It is an
intermediate type of cattle believed to be the result of interbreeding
between Bos indicus (lateral horned Zebu) and Bos taurus (Hamitic
longhorn) breed type with a small cervico-thoracic hump and small
unfolded dewlap (Sacker and Trail, 1966, Grigson, 1991). The breed
with its ecotypes are indigenous to regions of Uganda, Rwanda, Tan-
zania, Democratic Republic of Congo and Burundi in the central and
eastern Africa (Mwai et al. 2015, Rege and Tawah 1999). These eco-
types mainly go by the same tribal names as their owners, for instance
the Watusi and Inkuku cattle from Rwanda and Bahima in Uganda
(Ndumu et al., 2008). The breed forms the majority of the indigenous
breeds in the country, however, there exists other breed locally known
as Inyambo, Bashi, Inkungu and Inkoromoijo (Hirwa et al., 2017).
Ankole have relatively large body frame and characteristically long,
large horns that curve outwards and upwards. The common colours
are brown, brown with white patches, black and red (Wurzinger et al.,
2006). It is highly adapted to adverse environmental conditions, in-
cluding tolerance to heat (Hansen, 2004; Shabtay, 2015; Dossa and
Vanvanhossou, 2016) and resistance to endemic diseases (Murray et
al., 1984; Mattioli et al., 2000). The cattle breed can withstand peri-
odic feed shortage better than the exotic breeds, based on the adaptive
capacity to walk long distances in search of pasture and has got an
added advantage of producing high quality beef (Taye et al., 2017).
Unfortunately, this desirable trait is not matched with the productivity
traits of growth and lactation (Trail et al., 1971). Like many other
countries in the tropics there are no appropriate livestock policies and
no due consideration is given to development of indigenous livestock
breeds. Thus, there has not been any functioning breeding program to
improve the Ankole cattle.

Exotic sire breeds and crossbreeding

To satisfy the demand for milk and meat the government of Rwanda
has been implementing policies aimed at increasing livestock produc-
tion through restocking with high yielding exotic breeds, producing
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crossbreds and improving animal husbandry practices. These policies
have led to the transformation of the genetic structure of its national
cattle herd from one dominated by local breeds, which in 2003 con-
sisted of 86% local breeds, 13% crossbreds and 1% exotic breeds
(MINAGRI, 2003) to the current structure where local breeds account
for less than half (45%) of the cattle population and the rest are cross-
breds (33%) or exotic dairy breeds (22%) (MINAGRI, 2016). The ma-
jor driver of crossbreeding has been use of artificial insemination (Al).
Despite the gains made in milk production under the current strategy,
the decrease in number of indigenous breeds if continued unchecked
would lead to eventual loss of genetic diversity that is important in
mitigating any unpredictable change in socio- economic needs, envi-
ronment conditions and production objectives (Hoffmann 2010).

The Al program is highly dependent on temperate breeds, notably the
Holstein Friesian, Jersey and Brown Swiss for sire lines. These are
known for high productivity under good conditions, but being suscep-
tible to harsh environment. Also Sahiwal has been used but not on the
same scale as temperate breeds (Fig. 6).

f i . T S— b A ey Wt
Fig. 6. Example of Ankole and crossbreds A. Ankole B. Ankole x
Sahiwal C. Ankole x Jersey D. Ankole x Friesian (photos: Songa)
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2.1.4 Gaps in knowledge

A crossbred is expected to have a better reproduction and productive
performance than the average of the parent breeds, mainly due to het-
erosis effect. The additive effect of the temperate breed is expected to
make the crossbred better than the local breed, especially for produc-
tion traits. However, farmers rarely realize these benefits due to a num-
ber of challenges associated with feeding, veterinary care and other

challenges in the production environment (Madalena et al., 2002).
There are also fears that indiscriminate crossbreeding and breed sub-
stitution creates a progressive disappearance of the indigenous animal
genetic resources (AnGR), especially in the absence of efficient herd
recording scheme to inform the national conservation program. There-
fore, there is a need to ensure that the productivity gains associated
with crossbreeding does not compromise conservation of AnGR, eco-
logical integrity of the environment and social equity in the distribu-
tion of resources in the quest for improved economy and livelihoods.
To date no systematic study of the outcomes of the current crossbreed-
ing program has been carried out.
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3 Aims of the thesis

The general aim of this thesis was to evaluate how effective cross-
breeding could be for increasing productivity in meat and milk pro-
duction, by assessing the performance of Ankole and its crossbreds
with exotic breeds using records from research stations and farms in
Rwanda.

Specific objectives include:

1. To compare body weight and growth rate from birth to
18 months of age of crossbreds of Ankole with Brown
Swiss, Holstein Friesian, Jersey and Sahiwal.

2. To assess the reproductive performance of Ankole cattle
and its crossbreds with Holstein Friesian, Jersey and Sa-
hiwal.

3. Toassess the daily milk yield, 100-day and 305-day milk
yields, and lactation length of purebred Ankole cattle and
its crossbreds with Holstein Friesian, Jersey and Sa-
hiwal, and the influence of environmental factors on
these traits.

4. To assess the productive performance of Ankole and its

crossbreds and Holstein Friesian in different production
environments of Rwanda.
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4 Summary of the studies

This thesis consists of four papers. The first paper (I) was based on
growth traits records collected at Songa research station. In two papers
(11 and I11) records collected on reproduction and milk yield of differ-
ent cattle genotypes at Songa, Rubona and Kinigi research stations
were used. Data for Paper IV were from on-farm performance survey
records collected from different agroecological zones.

4.1 Material and Methods

4.1.1 Study sites

The studies in paper I-111 were conducted in Rwanda Agricultural
Board (RAB) research stations. These stations are marked on the map
in Fig. 7. RAB has the general mission of championing the agriculture
sector development into a knowledge-based, technology-driven and
market-oriented industry, using modern methods in crop, animal, fish-
eries, forestry and soil and water management in food, fibre and fuel
wood production and processing. The fourth study (Paper IV) was car-
ried out using survey data collected from four agroecological zones of
Rwanda (Fig. 1).
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Fig. 7. Map of Rwanda showing the location of RAB livestock re-
search station (Source: RAB)

The climate at all stations is characterized by wide fluctuations in
quantity and distribution of rainfall within and across seasons. The
rainfall pattern is bimodal with short rains (season SRS) falling be-
tween September and December and long rains (season LRS) extend-
ing from March through May. The dry seasons extend between June
and August (LDS) and January to February (SDS).

4.1.2 Animal and herd management

For studies I-111 animals had similar management and were from a
crossbreeding program that was initiated in 1999 based on a founda-
tion stock of dam lines of indigenous Ankole cattle and their female
progenies that were inseminated with Brown Swiss, Holstein Friesian,
Jersey and Sahiwal semen. Heifers were served by artificial insemina-
tion (Al) at between 18-24 months of age depending on age at first
oestrus. Heat detection was based on observations and reports from
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trained herdsmen and technicians. Pregnancies were confirmed by rec-
tal palpation and repeat breeders were inseminated accordingly. Rec-
ords of individual animals born in the herd were established at birth.
The records included identification of dam and sire, date of birth, birth
weight, and monthly weights until the animal was sold or died. The
calves were dehorned by cauterization. Most female calves were re-
tained for replacement and others sold to private farmers for breeding.
Most male calves were castrated using a burdizzo at the age of 2-3
months and sold for slaughter after six months at the earliest, based on
the demand. Some male calves were sold to farmers as yearlings as
breeding bulls. Weaning was done in groups when calves were about
8-13 months of age based on subjective judgment of vigour and ability
of the calves to survive without milk. Partial milking was practiced,
whereby calves suckled briefly to stimulate milk let-down and after
milking were allowed to suckle residual milk. Culling of cows was
based on subjective opinion of old age (e.qg., loss of teeth) and infertil-
ity. Animals were kept on pasture and only calves were kraaled.

Animal grazed on paddocked natural pasture without any form of sup-
plementary feed. Routine veterinary attention was provided to each
animal. The animals (except young calves) were sprayed twice per
week to control ectoparasites using recommended formulations of ac-
aricides on the market. Antihelminths (mainly Albendazole) were used
against endoparasites especially in the wet season (after the rains).
Vaccinations against notifiable diseases (FMD, Anthrax, CBPP and
Blackleg) were implemented upon notification of impending threats
by competent authority of RAB.

Management of animals in paper IV varied depending on feed availa-
bility under both intensive and semi-intensive management systems.
The feed included natural pasture (cut-and-carry), hay, milling by-
products, concentrate mix and non-conventional feeds. Cows were
hand-milked twice per day. Animals were watered from piped water
and mineral licks were provided ad libitum. Both natural mating and
artificial insemination were used for breeding cows.
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4.1.3 Data collection

Growth traits (paper I)

Data used in this study were obtained from crossbred calves born from
1999 to 2007 of Ankole (A) or crossbred dams (AJ and AS) with
Brown Swiss (B), Holstein Friesian (F), Jersey (J), and Sahiwal (S)
sires (semen). For each calf, records included breed group, sex, dates,
and weights from birth to 18 months of age. Weight records were taken
monthly using weight balance, but for this study, the following weight
traits were analysed: (a) birth weight (BW) recorded within 24 h of
birth, (b) weight at approximately 8 months (W8), (c) weaning weight
(WWadj) adjusted to 10 months, (d) weaning weight unadjusted
(WW), and (e) weight around puberty recorded at 18 months (W18).
Furthermore, we analysed the following growth rate traits: (a) average
daily gain to 8 months (ADG8), computed as (W8-BW)/AGES, (b)
pre-weaning average daily gain (ADGW, from birth to weaning) com-
puted as (WW-BW)/ AGEW, (c) post-weaning average daily gain
(ADG18, from weaning to 18 months) computed as (W18-
WW)/(AGE18- AGEW), where AGE8 (AGE18) is the age of the ani-
mal at the monthly weighing closest to 8 (18) months of age and
AGEW is the recorded age at weaning. Furthermore, we investigated
the trait age at weaning (AGEW).

Reproductive traits (paper 1)

Reproductive performance records were from purebred Ankole (AA)
and crossbreds with Friesian (F), Jersey (J), and Sahiwal (S). The data
recorded for each animal included: breed group, date and time an ani-
mal was observed in heat, estrus type (induced estrus by PGF2a or
natural estrus), date and time the cow was inseminated, service sire,
and Al technician. Conception rate (CR) was based on the success or
failure of individual first inseminations. Calving interval (CI) was es-
timated as difference in days between two successive calvings. Calv-
ing to first service interval (CFI) and calving to last insemination (CL1I)
were calculated as days elapsed between calving and first insemination
or last insemination, respectively. Number of inseminations (NINS)
per series was calculated by defining a series when inseminations were
within 56 days of each other. Factors studied affecting these traits were
the effect of breed group, season of Al (for CR) or calving (for CFl,
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CC, and CI), four season classes (SDS, LRS, LDS, SRS), and year of
insemination.

Milk production traits (paper 1)

Daily milk yields were recorded from 1999 to 2017 in Songa station
and from 2013 to 2017 in Rubona and Kinigi stations. In total there
were records from 865 cows and 1234 lactations. Average daily milk
yield (DMY) was the total accumulated milk yield divided by the num-
ber of days milked. Early lactation yield (100-day, MY 100) and stand-
ardized lactation yield (305-day, MY305) were calculated only for
those cows that had their first day in milk (DIM) before day 28 after
calving and had at least 100-day or 305-day lactations, respectively.
Lactation length (LL) was also calculated and to evaluate if LL had an
effect on DMY the correlation between these traits was estimated in
this data set.

Milk production in different agroecological zones (paper 1V)

The survey was conducted by University of Rwanda students as inter-
views in year 2013. The respondents were either owners or manager
of the dairy farm. The survey technique was a single-visit multi-sub-
ject approach (ILRI, 1990). The structured questionnaire was used to
collect information based on owners’ recall. Daily milk yield was re-
ported.

4.1.4 Statistical analysis

The difference between variables was considered statistically signifi-
cant at P < 0.05 (all papers). All statistical analyses were carried out
using the SAS software (2012).

Effects of breed group, sex, year and season of birth (paper 1) were
analysed using General Linear Models procedure (Proc GLM). Least
Square Means (LSM) were computed to estimate differences among
means of traits for different factors.

For paper I, the effects that were found to be significant were included

in the final model for each trait. Conception rate (CR) was analysed
using a logistic regression in Proc GLMMIX with a logit link function,
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whereas for CFI, CLI, NINS, and CI, a fixed linear model using Proc
GLM was used.

In Paper 111, analysis was performed for the effects of breed group,
season and year of calving, and parity for all traits using a fixed linear
model in PROC GLM.

The statistical analysis of data from the survey (Paper V) was carried-
out using Proc GLM. The model included fixed effects of breed group
and the location (Province) and their interaction.

4.2 Main findings

Results from the analysis of the growth traits (paper I) showed AJ
calves to be significantly lighter at birth (25.8 kg) than the other breed
groups, which did not differ from each other (27.5-28.4 kg) (Table 1).

For WWadj, AB and AF were heavier than the other four groups (AJ,
AS, AJXS, and ASxJ); however, without adjustment for weaning age,
AF was significantly heavier than all other breed groups. Furthermore,
AB, ASxJ, and AJxS did not differ significantly from each other but
were all heavier than AJ and AS. For W8, the same tendency could
be seen but only AB was significantly different from the last four breed
groups (Table 1).

At 18 months, AF was heavier than AJ, AS, and also AB. Although

AJxS and ASxJ were approximately 14 and 11 kg lighter than AF,
respectively, the difference was not significant (Table 1).
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Table 1. Least square means by breed group, sex and season for pre-
and post-weaning traits of Ankole crossbreds. N=424-811 animals

Trait?

Factor! BW W8 WW g Ww W18 ADG8 ADGW ADG18 AGEW
Breed group

AB 27.9* 1322 172.72 167.7° 203.4° 0.435% 0.458 0.315° 307.3°
AF 28.4% 126.4® 1735* 182.0° 237.7% 0.413® 0.433* 0.395% 353.82
Al 25.8° 118.4% 152.8° 153.1° 218.4* 0.387* 0.396° 0.341°  325.7%
AS 27.5% 122.7°¢ 156.1° 151.8° 219.2° 0.398° 0.400 0.351°  310.0°
AIXS 27.7¢ 115.7¢ 159.3°  165.1° 226.9% 0.368° 0.399™ 0.357® 343.3®
ASxJ 27.5* 123.1° 159.2°  164.5° 223.5® (.398" (.398° 0.359% 34572
Sex

F 27.00 119.5* 161.32 164.92 229.5° 0.386° 0.412° 0.3932 339.32
M 27.9> 125.9°  165.2° 164.68 216.9° 0.410° 0.429° 0.333° 323.2°
U 2758 123.9° 160.3? 162.62 218.2° 0.402® 0.400? 0.332° 330.4%
Season

SDS 26.5° 121.2° 162.2* 166.8* 228.2®8 0.395% 0.411? 0.3842 340.8?
LRS 28.1° 126.7*  166.12 169.9¢ 210.3* 0.411*° 0.4212 0.314°¢ 336.6%
LDS 28.2 123.3* 163.1* 162.5® 220.9° 0.398% 0.418? 0.342° 325.1%
SRS 27.0° 121.3* 157.7° 156.9° 226.6° 0.394%° 0.406? 0.3722 321.4°

TAB=Ankole x Brown Swiss, AF=Ankole x Holstein Friesian, AJ=Ankole
x Jersey, AS=Ankole x Sahiwal, AJXS=AJ x Sahiwal, ASxJ=AS x Jersey;
F=Female, M=Male U=Calves with unknown sex;

SDS= Short Dry Season (Jan-Feb), LRS= Long Rainy Season (Mar-May),
LDS= Long Dry Season (Jun-Aug), SRS=Short Rainy Season (Sep-Dec).
2BW= Birth weight (kg), W8=weight (kg) at 8 months of age, WWadj=
weaning weight adjusted to 10 months, WW=weaning weight (kg), W18=
Weight (kg) at 18 months, ADG8=average daily gain (g) to 8 months,
ADGW-=pre-weaning daily gain (g), ADG18= post-weaning daily gain (g)
up to 18 months, AGEW = age at weaning (days). Mean values with differ-
ent letters are significantly different (P<0.05)
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The study on reproductive performance (Paper 1) revealed the average
CFI to be 192 days (n = 797, SD = 87) and the average CLI was only
slightly longer 198 days (n = 797, SD = 88). Breed group (AA, AF,
AJ, AS, and FF) and season had significant effect on both traits,
whereas time period and station did not. Purebred Ankole had longer
CFl and CLI than all other breed groups, except for AF; the latter had
longer intervals than FF (Table 2). The estimate for AF was based on
very few animals and might therefore not be representative for that
Cross.

The overall mean CR was 0.67 (n = 4354, SD = 0.47). The factors
breed group (AA, AF, AJ, AJxS, AS, ASxJ), year of insemination, and
technician were significant in the logistic model. There were too few
FF to be included in the analysis. The genotype AF had higher CR than
the purebred Ankole and AS, and AS had lower CR than AJxS and AJ
(Table 2). Significant variation was observed in results among techni-
cians. The difference between the lowest and highest technician was
more than 20 percentage units.

The overall mean calving interval observed was 479 days (n = 259,
SD = 103). Ankole had about 54 days longer CI than the crossbreds
(LSM 498 (SE 7.7) vs 445 (SE 10.8). The season of calving had sig-
nificant effect on CI. Significantly lower CI were observed in LDS
(442 days) compared to SDS (486 days) and SRS (495 days); however,
SDS and SRS did not differ among each other (Table 2).
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Table 2. Number of observations and least square (marginal) means
for breed groups and seasons from the linear models or logistic re-
gression (for CR) for intervals from calving to first or last insemina-
tion (CFI, CLI, both having the same number of observations), calv-
ing interval (Cl), and conception rate (CR).

Trait?
Factor ! N CFI CLI N CI N CR?®
Breed group

AA 636 2022  208% 2480 0.71°¢
AF 14 204% 207 282 0.78%
Al 60 170° 176° 585 0.73%®
AJIXS - - 221  0.75%
AS 60 156° 163" 567 0.67°
ASxJ - - 219  0.71%
FF 19 120°  131°

Season

SDS 127 189°  197% 48 486%
LRS 237 172% 179% 84 462%
LDS 200 190% 170° 62 442°
SRS 225 157% 163° 65 4952

IAA=Pure Ankole, AF=Ankole x Holstein Friesian, AJ=Ankole x Jersey, AS=Ankole x Sa-
hiwal, AJxS=AJ x Sahiwal, ASxJ=AS x Jersey, FF= Pure Holstein Friesian;

SDS= Short Dry Season (Jan-Feb), LRS= Long Rainy Season (Mar-May), LDS= Long Dry
Season (Jun-Aug), SRS=Short Rainy Season (Sep-Dec).

2N= Number of observations, CFl= Calving to first insemination, CLI= Calving to last in-
semination, Cl= Calving interval, CR= Conception Rate

8 Values transformed back to the original scale.

ae=|Mean values within breed group or season with different letters are significantly differ-
ent (P<0.05)
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The estimated effects of breed group, season, year of calving, and par-
ity on milk yield from Paper Ill are shown in Table 3. Breed group
effect was significant for all four traits. Breed group AA had the lowest
average milk yield; AA also tended to have longer lactation length.
Among the crossbreds, there was no significant difference in milk
yield between AF, AJxS and ASxJ, nor between AS and ASXS.

Calving season had significant effect on DMY, MY100 and LL. The
pattern was similar for the three milk yield traits, with cows calving in
SDS having the highest yield, albeit not always significantly different
from all other seasons.

The year of calving-effect was significant for all four traits. The general
pattern was the same for all yield traits, however, for DMY and MY 100
the highest year group was 2001-2003, whereas for MY 305 the highest
was 2014-2016. The lowest year group tended to be 2007-2009.

Parity of cows significantly influenced all yield traits and LL. In gen-
eral, there was an increase in yield from first to fourth parity, followed
by a decline in the fifth.

The survey study (Paper V) revealed a significant difference in the
overall average milk yield between AF (8.6 L) and FF (14 L). Among
zones, Eastern plateau agroecological zone recorded highest milk
yield which was estimated at 14.9 L/cow/day compared to 9.4, 9.2 and
8.5 L/cow/day in BAZ, CPAZ and WAZ respectively. This is contrary
to our expectation, because BAZ and WAZ receives more annual rain-
fall, hence good pasture level compared to EPAZ. This could have
been due to differences in input management levels between zones.
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Table 3. Least square means for daily milk yield (DMY), milk yields at 100
and 305 days of lactation period (MY100, MY 305) in litres, and lactation
length (LL, days) for breed group, season, year of calving, and parity.

Trait
Factor! DMY MY100 MY305 LL
Breed Group
AA 2.02 1749 5532 3022
AF 4.7° 4682 1383° 2812
Al 3.9¢ 411° 1182° 2782
AJXS 4.7° 4632 1486° 230°
AS 3.3 319¢ 954¢ 2832
ASxJ 4.4> 435 1383° 270
ASXS 3.3 328°¢ 815¢ 274
Season
SDS 3.9 392° 11282 2942
LRS 3.6" 366° 11022 277
LDS 3.7° 3612 10932 260°
SRS 3.8%® 364° 1108? 264°
Year
1998-2000 3.7%® 360 1092° 275°
2001-2003 4.08 4022 1150 2978
2004-2006 3.7® 367° 1053° 2912
2007-2009 3.5° 338°¢ 1025° 220°
2014-2016 3.92 3872 12182 2862
Parity
1 3.2 324¢ 989° 267°
2 3.5° 340 1083 2842
3 3.7% 380° 1061° 3012
4 4.0° 385° 1240? 255°
5+ 3.5° 355 1074° 263°
Unknown 4.62 4422 - -

IAA=Pure Ankole, AF=Ankole (50%) x Holstein Friesian (50%), AJ=Ankole (50%) x Jersey (50%),
AS=Ankole (50%) x Sahiwal (50%), AJxS=Ankole (25%), Jersey (25%) x Sahiwal (50%),
ASxJ=Ankole (25%), Sahiwal (25%) x Jersey (50%), ASS= Ankole (25%) x Sahiwal (75%);

SDS= Short Dry Season (Jan-Feb), LRS= Long Rainy Season (Mar-May), LDS= Long Dry Season

(Jun-Aug), SRS=Short Rainy Season (Sep-Dec).

abed=\Mean values in a column with different superscripts differ significantly (P<0.05)
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5 General discussion

This thesis describes the productive and reproductive performance of
Ankole cattle and its crossbreds using data collected from RAB re-
search stations and survey data collected from different agroecological
Zones.

The potential of the country's livestock subsector is very high given
Rwanda's comparative advantage in the region in terms of agroecolog-
ical conditions and strategic location. Since 1999, milk production has
been increasing rapidly (NISR, 2017). Therefore, dairy has been iden-
tified as one of the best and most profitable investment areas; it gen-
erates income from sales of milk, improves nutrition through con-
sumption of dairy products, and improves crop production using ma-
nure.

The livestock sector’s production potential is not, however, fully real-
ized owing to constraints related to breeding, feeding, health and man-
agement. The information on cattle breeding is scant due to lack of a
performance recording scheme. This makes regular monitoring of the
performance at herd and national level impossible. This ultimately
leads to lack of information to support decision making on breeding
policies and insufficient management practices at farm level.

However, at RAB research stations, a crossbreeding project was initi-
ated in 1999 involving three exotic breeds, Holstein Friesian, Jersey,
and Brown Swiss in addition to local Ankole cattle, to develop a dual-
purpose breed for milk and meat production, for the smallholder
farmer. Although no synthetic breed was formed, the substantial
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amount of data generated has been analysed to determine the outcome
of this program on growth, reproduction and milk yield of Ankole and
its crossbreds at different stations.

5.1 Data collection and quality

Altogether, data were available from 1999 to 2017, however, there
were gaps in the time sequence (Fig. 8). Growth records were only
available from 1999 through 2007. Insemination records were the most
complete, but there were two years, 2011-2012, missing. Calving rec-
ords had an even larger gap, from 2005 to 2013. Milk yield records
used in Paper 11l had a complete gap between 2010 and 2014 but also
a period with only partial records during 2001-2002 (Fig. 9).

This had consequences for the construction of traits, most severely for
milk yield and lactation length traits, but also for several of the repro-
ductive traits. In order to create, say, MY305, it was necessary to re-
strict the data to lactations that started at least 305 days before any gap.
The gaps also have consequences if one wants to analyse several traits
together, e.g., milk yield and growth of calves or fertility. This is a
serious quality issue to address for consistent data capture, archiving,
retrieval and processing for generating information and knowledge
needed for desired genetic progress.

Year
Paper and trait 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
I1. Fertility (vear of insem.) _
I1. Fertility (year of calving)
111. Milk yield
1V. Milk yield

Fig. 8. Graphic description of availability of data for analysis in Papers
I-1V.
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Fig. 9. Frequency of daily milk yield records for various year-
months.

5.2 Growth traits (Paper I)

Growth rate is of major economic importance for the beef industry and
the first trait to receive selection emphasis in beef cattle breeding due
to its expression, ease of measurement and positive association with a
profit per unit change in the growth rate (Parnell et al. 1994; Proyaga,
2003). In Rwanda, there is no specialized breed kept for beef and 46%
the total meat consumed in the country comes from cattle, out which
65% comes from crossbreeds (MINAGRI, 2017), hence studying
growth traits of these animals is important in order to know their
growth performance.

In the analysis of the growth traits, generally, the trends for the average
daily gain traits followed those for the weights; AB and AF had higher
average daily weight gain, but these differences were not always sig-
nificantly different from the other four breed groups. A general trend
was that the daily weight gain reached maximum at or before weaning
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and decreased thereafter up to 18 months. AF and AB calves per-
formed similarly in daily weight gain up to weaning, however, at 18
months of age, AF outperformed AB significantly (Table 1).

In general, AB seems to do very well during the first 8 or 10 months,
as well as or better than the AF cross. However, after weaning, growth
decreased and the W18 was the lowest among all breed groups. By
that time, AF was heaviest. Since the weaning age for AF was higher
than for AB, the actual weight at weaning for AF was higher than all
other breed groups. Because the time for weaning is decided subjec-
tively, based on the perceived ability of the calf to survive without
milk, it is difficult to know if this higher weaning age for AF is truly
warranted and based on previous experience. If AF calves really need
to be older (and thus heavier) when weaned, it would be interesting to
find out why this would be true. Do they have more problems in graz-
ing than the other breed groups, and if so, why? This would require a
more dedicated study with predetermined weaning ages and possibly
also studies of grazing behaviour.

It should be noted that the mothers of AB and AF (and of AJ and AS,
of course) were pure Ankole, whereas the mothers of AJxS and ASxJ
were crossbred. From Paper 111, it was shown that the milk offtake
from AJ and AS cows was about 630 and 400 kg higher than that of
AA females over 305 days, respectively. The higher milking potential
of their mothers disregarding, the AJxS and ASxJ calves were lighter
at weaning than AB and AF, indicating that the “genes of the calf” are
more important than the “genes for milk” of the mother. However,
ASxJ were heavier at weaning than AJ, and AJXS were heavier than
AS. In both cases the calves are 50% J (or S) so possibly the difference
in weaning weight could be due to the higher milk production of the
(crossbred) mother.

It was possible to match some of the F; calves (AB, AF, AJ, and AS,
Paper I) to their mothers’ average daily milk yield (Paper I11) during
the calves’ year of birth. However, there was no statistically significant
different DMY for these groups of mothers (all being AA). Therefore,
the higher growth of, say, AF calves does not seem to be an effect of
higher consumption of milk from their mothers (which should show
up as a lower milk offtake).
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Even though the AF cross was the heaviest at 18 months, the superi-
ority compared with, say, AJ was only about 20 kg. The difference in
body weight for purebred Holstein Friesian and Jersey at that age
would be expected to be in the range of 130 - 139 kg under good con-
ditions (e.g., Heinrichs and Hargrove, 1987), which would lead to an
expected difference between AF and AJ of 65-70 kg, disregarding any
heterosis. The rather small differences between breed groups in this
study is probably due to that the environmental conditions (e.g., feed,
but also temperature and humidity stress) do not allow for the full ex-
pression of the genetic potential for growth in the exotic crosses.

5.3 Reproductive traits (Paper Il)

The CFI values (120-204 days) recorded in this study (Table 2) were
longer than the recommended 45-60 days considered optimum to
achieve an annual calf crop target. The reasons for the delay could be
postpartum anestrus as result of poor nutrition and suckling management
(Diskin et al., 2003, Robinson et al., 2006). In Paper | (the Songa herd)
it was seen that calves were weaned subjectively between the ages of
eight and thirteen months. Prolonged suckling stimulus could delay re-
sumption of ovarian cycle by interfering with hormones responsible for
follicular development (Thatcher et al., 2006). Therefore, better man-
agement practices including earlier weaning and restricted suckling
could overcome this deficiency by shortening number of days open,
leading to reduced calving intervals. However, care must be taken so
that this does not shorten the lactation length and thereby decreases milk
yield.

Compared to CLI values (131-208 days) obtained in our study, in a re-
view by Nuraddis and Ahmed (2017) reported lower, comparable and
higher calving to conception intervals that ranged from 120 to 316 days
for crossbreeds of Holstein Friesian x Zebu, Holstein Friesian x Horro
and Holstein Friesian x Arsi in Ethiopia and in the same review a CFI
of 165 days for Friesian x Zebu was also reported.

There were very few AF cows (N=14) with information on calving
dates, such that CFI and CLI could be calculated, so the result that their
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CFl and CLI were similar to those of AA may not be representative of a
larger sample. Also, the small difference between CFI and CLI indicates
that a large proportion became pregnant at first insemination, as shown
by the high CR. Actually, if CFI is 202 days (as for AA) then the ex-
pected CLI with a CR of 0.71 (and a cycle of 21 days) is 210 days, so
the actual CLI of 208 days is not unrealistic.

The CR in study Il ranged from 67 to 78 % for different breed groups
(Table 2). Tahmina et al. (2016) reported comparable CR (76%) for
the crosses of Holstein Friesian and local breeds in Bangladesh, while
in the same country, Khan et al. (2015), reported conception rates of
64% in native cattle, 57% in Friesian cross and 53% in Sahiwal cross.
In Ethiopia, Debir et al. (2016) in a study of Al efficiency, reported
conception rates in indigenous (54%, N=98) and crossbred cows (70%
N=69).

Some authors, as in our study, have reported inter-technician variabil-
ity in CR. For example, Siddiqui et al. (2013) reported significant ef-
fect of technician on the conception rate in smallholder farms in Bang-
ladesh with the difference between the highest (58.6%, N=512) and
the lowest (43.4%, N=281) being 15.2% units. Also, Miah et al.
(2004) in the same country, reported significant effect of Al technician
on conception rate that varied based on experience, with average con-
ception rates of 56, 67, and 68% in cows inseminated by technicians
with 1-2, 2-3, and 3-5 years of experience, respectively. Even though
no recent publications on the reasons for differences between Al tech-
nicians exist, in New Zealand, Visser et al. (1988) reported 19% of the
explained variation in conception rate to be attributed to the individual
Al technician. Barth (1993) in a study on factors affecting fertility
with Al in North America cited personal qualities or personal prob-
lems as possible reasons for differences in performance between indi-
vidual technicians.

The length of post-partum anestrus and service periods are part of the
calving interval that can be shortened by improved herd management.
To achieve a calving interval of 365 days, days open should not exceed
80-85 days (Nuraddis and Ahmed, 2017). The mean CI (480 days) ob-
tained in the present study is not within the range (365-420) considered
optimal for tropical cattle breeds (Aboagye, 2002). The extended CI
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seems mainly to be the result of prolonged interval from calving to
first service. A longer calving interval affects overall life time produc-
tion and reproduction performance through fewer calves being born.
In Mexican tropical environment Segura-Correa et al. (2017) reported
long CI of 446 and 481 days for Brahman and Guzerat, respectively,
and attributed this poor performance to tropical conditions, such as
heat stress and poor quality pasture, that limit the reproductive func-
tions of cows. Vinothraj et al. (2017) reported CI of 489 days for cross-
bred Jersey and Red Sindhi in India, while in Ethiopia Nuraddis and
Ahmed (2016) reported even longer Cl (630 days) for crosses of Frie-
sian and Zebu. In Ghana, Samuel and Julius (2014) recorded shorter
Cl (413 days) for Sanga and crossbreds of Sanga with Friesian.

5.4 Milk yield traits (Papers IlI-1V)

The performance of a dairy cow is judged from the milk it produces
during a specified period of lactation. The lactation performance is
usually measured by determining total milk yield per lactation or per
year, average daily milk yield over a certain time, and lactation length
(Wondifraw et al., 2013).

The daily average milk offtake (2.0 L) for AA obtained in this study
was in the range of averages reported by other authors. For instance,
studies conducted in Uganda reported average DMY for AA under the
same management of extensive grazing on natural pasture with no sup-
plementation to range from 1 to 2.5 L/cow (Galukande., 2010; Ku-
gonza et al., 2011). The average milk (4.7 L) obtained in Paper Il for
AF (50% Friesian) is lower than the 5.6 L reported for the same gen-
otype investigated in selected farms in Uganda (Galukande, 2010). In
Ghana, Darfour-Oduro et al. (2010) found a significant but small dif-
ference between Sanga (1.1 L) and Sanga x Friesian (1.4 L) animals
raised under agropastoral system. In a study of the performance of
Ankole x Friesian cross with different Friesian blood levels in the
Democratic Republic of Congo, Kibwana et al. (2015) reported DMY
of 4.8, 5.5, and 5.4 L in groups with 25, 38 and 44% Friesian blood
levels, respectively, in control group vs 5.8, 7.0 and 7.8 L, respec-
tively, in groups with supplementary feeding. Compared to the 3.9-4.7
L DMY observed in Paper Il for AJ, AJXS and ASxJ, respectively,
Hatungumukama et al. (2009) in Burundi reported DMY of 5.1 and
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4.8 L for breed groups of SJA (50-75% Sahiwal, 12.5% Ankole, 12.5-
37.5% Jersey) and JSA (62.5% Jersey, 25% Sahiwal and 12.5%
Ankole), respectively.

Paper IV and Kibwana et al. (2015) in Democratic Republic of Congo
demonstrate that cows fed with supplements record higher milk yield.
In paper IV, farms where improved nutrition was practiced had overall
average daily milk yield for AF (8.6 L) compared to 4.7 L from non-
supplemented cows of the same genotype (Paper I11). The large varia-
tion in performance of Holstein Friesian and its crossbreds in in dif-
ferent agroecological zones (Paper 1V) indicates that considerable im-
provement could be achieved by improving the production environ-
ment.

The MY 305 obtained in Paper Il was significantly different between
Ankole and its crossbreeds (Table 3). In Ghana, Darfour-Oduro et al.
(2010) reported MY305 for Friesian-Sanga cross and Sanga cows
raised under agropastoral system to be 339 and 244 kg, respectively,
which is lower than the average obtained in our study. In a review by
Poonam et al. (2016) several authors reported MY 305 of crosses of
Holstein Friesian with Indian breeds, with dams supplemented, hand
milked and calves bucket fed, ranging from 1707 to 3027 kg. In Sa-
hiwal and its crosses, MY 305 ranged from 1633 to 1894 kg. The lower
yields in our study are probably due to poor nutrition coupled with
suckling calves and lack of supplementation.

Lactation length influences the total milk yield per year and per lacta-
tion. In most modern dairy farms, a lactation length of 305 days is
commonly accepted as a standard. However, in our study some cows
were not milked for a full 305 days because they went dry or the lac-
tation terminated for some other reason, and others were milked longer
than 305 days. The average LL obtained varied among breed groups
(Table 3) and these were in the range of what has been reported by
other authors for tropical breeds and crossbreds. For instance, in a
study conducted in Ghana, Sanga and Friesian-Sanga crossbred cows
were reported to have a LL of 164 and 201 days, respectively (Dar-
four-Oduro et al., 2010). Metekia and Nezif (2017) reviewed the status
of dairy cattle production in Ethiopia and reported mean LL for Hol-
stein Friesian x Zebu crossbred animals to be in the range of 276 - 325
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days. Kugonza et al. (2011) reported lactation length of 255 days for
Ankole cattle in Uganda. An extended lactation period has been re-
ported to have practical significance for the smallholder dairy farmer
as it provides compensation for the usually extended calving interval
(Tanner et al., 1998).

The profitability of short or extended lactation length depends on var-
ious factors, including the lactation length persistency. Numerous
studies have documented that additional days in which cows are not
pregnant beyond the optimal time post calving are costly (Groenendaal
et al., 2004; Meadows et al., 2005). However, Borman et al. (2004)
demonstrated that extended lactations are suitable for some dairy en-
terprises and that the suitability depends particularly on cow milk po-
tential, the ability to grow pasture or feed supplements economically,
management expertise, environmental constraints, herd size and la-
bour availability. Thus, it is of interest to properly evaluate the eco-
nomic benefits and subsequently optimize both the lactation length
and calving interval under the given production level and prevailing
management conditions in Rwanda.

Owing to the gaps in data availability (Fig. 8), we could not estimate
LL from all calvings. We determined that there were two gaps, one
(partial) gap starting around 2001 and another more complete gap
starting 2009. We therefore required an opportunity time of 500 days
before the beginning of these two gaps, and also before the end of our
data recording in 2017. This would allow for a LL of at least 500 days.
The weak correlation (-0.08) between DMY and LL in our study sug-
gests that the performance of breed groups in terms of milk yield ar-
guably was not associated with lactation length. We attempted to esti-
mate parametric lactation curves for individual cows, with the inten-
tion to extend lactation shorter than 305 days. This was, however, un-
successful, mainly owing to the large variation in lactation curve
shapes, which made commonly used functions unsuitable. However,
when average daily yields were calculated for different breed groups
(Fig. 10), it could be seen that AF and AJ showed a decrease from a
higher value early in lactation to a plateau of around 5 or 3.5 kg, re-
spectively. The yield dropped further for AF after around 300 days and
for both breeds almost all cows stopped milking after 350-400 days.
AS also had a small decline in the first 50-100 days but then kept an
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steady yield of about 3 kg. Pure Ankole kept almost the same yield of
about 1.5-1.8 kg over the whole lactation and cows milked for longer
than 500 days. It should be noted that these graphs show raw yield
averages, which means that cows that stopped milking per definition
are not included in the average (results not shown in paper I1I).
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Fig 10. Lactation curves for pure Ankole (AA), Ankole x Holstein
Friesian (AF), Ankole x Jersey (AJ) and Ankole x Sahiwal (AS). A
minimum of 10 cows was required for an average to be plotted.

The yield recorded was only the milk offtake. Suckled milk can be
roughly estimated based on weight gain of calves. In Paper I the aver-
age daily weight gain was 0.4 kg/day. From Dove and Axelsen (1979)
it was estimated that 10.8 kg milk was needed per kg of daily gain. To
achieve 0.4 kg/day the calf thus need to consume 4.3 L milk. At 305
days and at weaning (330 days) the calf had consumed 1311 or 1419
L. This is equal to or much higher than milk offtake (Table 3).
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5.5 Overall performance of crossbreds and creating a
synthetic breed

The results showed that especially AF had good growth, good concep-
tion rate, and high production but still as long CFI and CLI as AA.
Some of these advantages could be due to heterosis and these would
be partially lost if a synthetic AF breed were created. However, the
difference in additive genetic level between the two breeds is likely to
be much larger than the heterosis effect, which is normally 5-10% for
production traits (Jonsson, 2015).

The best strategic option to sustainably utilize AF in this crossbreeding
program is selection and formation of synthetic breed. Even though
the system gives 100% of possible heterozygosity in the F1 generation,
this declines to 50% in the F> and subsequent generations. The percent
of genes from the exotic strain is exactly 50% in the first generation,
and should also be 50% in subsequent generations. The proportion of
maximum heterozygosity, and hence of heterosis, retained in synthetic
populations is (Dickerson, 1973) 1 — Y. p? , where pi is the proportion
of genes contributed to the synthetic by the i source breed. It can then
be shown that the proportion of heterosis retained in synthetics formed
with various proportions of Exotic and Local breeds is as shown in
table 4.

Table 4. Expected heterosis in a synthetic breed build from two
breeds

Proportion of genes from Proportion of heterosis

Exotic Local retained in synthetic
0.125 0.875 0.22

0.25 0.75 0.375

0.375 0.625 0.47

0.5 0.5 0.5

0.625 0.375 0.47

0.75 0.25 0.375

0.875 0.125 0.22

The crossbred individuals are used as reproducers and inter se mated
over generations. The program would include two-breed combina-
tions Exotic and Local sired with F1 bull. The reason for proposing
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two breed combination is to avoid complexity which increases sub-
stantially with more breeds.

5.5.1 Selection of bulls from abroad

The interaction of genotype and environment complicates selection
because it reduces accuracy of the predictions made from phenotypic
performance of a given set of genotypes in one environment from that
made in other different environments (Dickerson 1962). Therefore, in
Rwanda, genotype by environment interaction needs to be taken into
consideration in dairy breeding decisions. For instance the bulls used
for Al have been sourced from outside Rwanda, e.g., from Belgium
and the Netherlands. Such sires have been ranked according to Euro-
pean environmental conditions for performance and these rankings
would not be expected to be the same for their daughters’ performance
in different management conditions. Thus, proven bulls for this pro-
posed program should probably be sourced from countries with similar
tropical environment, like South Africa or Australia. In this program,
proven bulls would mate with selected superior Ankole mothers to
produce young AF bulls to be used for Al. That means the superiority
of proven bulls reaches the population through their sons. Female AF
calves born from purebred Ankole mothers could also be dispersed
from the nucleus farms to the commercial farms (or to the commercial
part of the same farm).

5.5.2 Development of pure Ankole breeding program

In case that all farmers were to adopt the new synthetic breed, such a
program may constitute an important threat to Ankole breed (although
the most important alleles from the Ankole populations will presuma-
bly be conserved). Therefore, in addition to breeding for a proposed
synthetic AF breed formation, to avoid inbreeding and weakened com-
petitiveness it is equally important to develop a sustainable breeding
program for Ankole cattle. This program could be achieved through
organizing farmers into Ankole cattle breeding associations. These
would form committees together with livestock research and extension
teams to help in setting breed standards and formulating breeding
guidelines and breeding objectives for this dual purpose breed.
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5.5.3 Genomic evaluation

Having accurate knowledge of breed composition is essential in eval-
uating the adaptability of crossbreds to a given production environ-
ment (Kuehn et al., 2011). Pedigree information is conventionally used
to determine breed composition in crossbred cattle. However, the reli-
ability of pedigree-based estimation of breed composition can be com-
promised by missing, inaccurate, or incomplete records (VanRaden and
Cooper, 2015). In Rwanda, inadequate pedigree record keeping makes
it impossible to have knowledge of the breed composition of the cur-
rent cattle population structure, which consists of 46% crossbreds.
Therefore, under the current situation, one way genomic evaluation of
the crossbred cattle population could help would be by matching the
existing cattle breed composition to their environment or ensuring that
the appropriate environment is available for a certain breed composi-
tion.

It is unclear if genomic selection would be beneficial under Rwandan
conditions. First, a reference population large enough for estimating
accurate genomic breeding values would have to be created for the
Ankole breed. This requires not only genotyping but also good pheno-
typic information on all important traits. As an example, using an
equation from Daetwyler (2009), for a trait with heritability 0.3, one
would need about 500 cows in the reference population to achieve an
accuracy of about 0.5, and 1000 cows to achieve an accuracy of 0.6.
For a trait with lower heritability (0.1) 500 cows would only result in
an accuracy of around 0.3. It is also important that the phenotypes are
expressed under the correct environmental conditions, the same con-
ditions that the offspring later will produce under. Given enough
money to test, say, all or most born bull calves, one could imagine a
quite high selection intensity for bringing bull calves into the Ankole
purebreeding program.
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6 Conclusions

» In this study AF and AB were heavier at weaning (WWagj) than
other breed groups (AJ, AS, AJXS, and ASxJ), however, the dif-
ference was smaller than expected, probably due to environmental
conditions that did not allow full expression of genetic potential
for growth.

» The breed group AF had better CR than the purebred Ankole and
AS, and AS had lower CR than AJxS and AJ.

» The AA (and AF, but based on few animals) had longer CFI and
CLI than AJ, AS and purebred FF (which tended to have the short-
est intervals). However, the intervals for these traits were longer
than desirable for all breed groups, which is unfavorable for a prof-
itable cattle production.

» The better milk yield of AF, AJ, AJXS and ASxJ is most likely due
the higher milk production potential of Friesian and Jersey, thus
the crossbreds with Ankole excelled both due to heterotic effect
and additive effect. From this study it can be concluded that AF,
AJ, AJXS and ASxJ crosses can be beneficial even under a man-
agement system of limited nutrition in Rwanda.
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7 Future research

» A dedicated study of the comparison between growth perfor-
mance of AF and AB with predetermined weaning ages and
possibly also studies of grazing behavior should be carried out.

> Proper evaluation of the economic benefits and subsequently
optimize both the lactation length, milk yield and calving in-
terval under the given production conditions.

» The prolonged intervals CFI, CLI and CI observed in this study
calls for proper postpartum anestrus management both in terms
of nutrition and calf suckling management. Finding out the
causes of extended intervals which may be indicators of missed
oestrus signs and/or poor record keeping.

» Further research to improve the skill of Al technicians and an-
imal health professionals (involved in the dairy sector) at early
pregnancy diagnosis and fertility evaluation.

» Unlike in our studies, further studies should be carried out fo-
cusing on the performance of these crossbreeds under condi-
tions of improved nutrition.
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Popular science summary

Livestock is important in low income countries, not only as a compo-
nent of food security, but also for socio-economic and cultural reasons.
Sub-Saharan Africa has one of the highest population growth rates in
the world, at 2.5% per year (World Bank, 2013). However, the pro-
duction of livestock products is not keeping pace with the population
growth and hence sub-Saharan Africa has the lowest per capita con-
sumption of livestock products in the world (Cardoso, 2012). To meet
the increasing demand for meat and milk by the growing population,
Rwanda’s agricultural policy advocates the adoption of intensive live-
stock production, including restocking and improving the genetic
quality of animals.

Technically, productivity of milk and meat production can be in-
creased in the following ways:

1. Selection within the local indigenous cattle. This is an extremely
slow process owing to the poor infrastructure and lack of organization
among local smallholder dairy farmers.

2. Importation of pure exotic breeds. However, such breeds from in-
dustrialized countries have been developed through concurrent inten-
sive breeding and improvement of feeding and management. Thus, the
high-yielding cow would only perform well under high-input produc-
tion systems, which are rarely available in Rwanda.

3. Crossbreeding and grading-up of local populations through artificial
insemination and replacement of local stock. This approach is more
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practical as it will allow development of animals under tropical condi-
tions, which combines the qualities of exotic and local breeds. Effec-
tive use of a crossbreeding system allows producers to take advantage
of complementarity and breed differences as well as heterosis to match
cattle to available feed resources and to predominant market prefer-
ences. The first effect is additive genetic while the second is non-ad-
ditive.

The Holstein Friesian and Jersey are among the exotic dairy breeds
used extensively in crossbreeding in the tropics (Ahunu et al., 1994).
The crosses between the Ankole and Friesian, Ankole and Jersey and
Ankole and Sahiwal, like similar crosses between Bos taurus and Bos
indicus breeds, impacts several traits, such as body weight, growth
rates, fertility and milk production through additive gene action and
heterosis.

In Rwanda, a crossbreeding project was initiated at Rwanda Agricul-
tural Board (RAB) research stations in 1999 involving the exotic
breeds Holstein Friesian, Jersey and Brown Swiss and local Ankole
cattle to develop a dual-purpose breed for milk and meat production
for the smallholder farmer. This thesis is based on analysing data from
these stations to shed some light on comparative values of different
cattle genotypes with respect to growth, reproduction and milk pro-
duction. Furthermore, survey data were collected from farms in four
agroecological zones with different production conditions.

Growth rate and body weight traits are of major economic importance
to the beef industry and normally the first traits to receive selection
emphasis in beef cattle breeding. These traits are relatively easy to
measure in a standardized way and repeated measures over time is
possible. The relation between the traits and income from slaughter is
usually very clear, often farmers are paid per kg of body weight at
slaughter.

The aim of the first study was to compare body weight and growth rate

traits from birth to 18 months of age of various groups of crossbred
cattle born from 1999 to 2007. The calves were crossbreds of Ankole
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(A) with Brown Swiss (B), Holstein Friesian (F), Jersey (J) and Sa-
hiwal (S). It was shown that apart from breed group (cross), sex, sea-
son and year of birth also affected most traits studied.

Ankole-Jersey (AJ) crossbreds had the lowest birth weight, but were
comparable with AS, AJxS, and ASxJ for weight at 8 and 18 months
(W8, W18), and for age-adjusted weaning weight. AB and AF calves
were of comparable weight and only significantly differed at 18
months of age. Generally, AF was heavier than other crossbreds, how-
ever, the difference was smaller than expected, probably because en-
vironmental conditions did not allow full expression of genetic poten-
tial for growth.

The aim of the second study was to assess the reproductive perfor-
mance of Ankole cattle and its crossbreds with Holstein Friesian (F),
Jersey (J), and Sahiwal (S). The traits studied were: intervals from
calving to first or last insemination, calving interval, conception rate,
and number of inseminations. The overall means of these traits were
192 days, 198 days, 480 days, 67%, and 1.23, respectively. The cross
AF had better conception rate than the purebred Ankole and AS, and
AS had lower conception rate than AJxS and AJ. On the other hand,
Ankole (and to some extent AF) had longer intervals to first or last
insemination than AJ, AS and FF. Ankole had 54 days longer calving
interval than the average crossbred. The prolonged intervals observed
in this study calls for proper postpartum anoestrus management both
in terms of nutrition and calf suckling management.

The aim of third study was to assess the average daily milk yield, 100-
day and 305-day milk yields, and lactation length (LL) for purebred
Ankole and their crossbreds, and the influence of environmental fac-
tors on these traits. Milk yields (after allowing the calf to suckle) were
obtained from 865 cows. Overall average daily milk yield was 2.7 L,
262 L over 100 days and 759 L over 305 days. The average lactation
length was 291 days. First parity cows had lowest milk production,
and highest production occurred in 4" parity. The breed group AA had
the lowest average daily milk yield (2.0 L) but longest lactation length
compared with crossbreds. Among the crossbreds there was no signif-
icant difference between AF, AJXS and ASxJ (4.4-4.7 L), nor between
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AS and ASxS (3.3 L). AJ had a yield in-between these two groups (3.9
L).

In Paper IV we purposely targeted progressive farmers from four
agroecological zones. The average milk yield was higher for Holstein
Friesian compared to AF crossbreds, 14 L vs 8.6 L. Due to better man-
agement and feeding, the overall production was substantially higher
than in Paper 111, where there was no supplemental feeding, only pas-
ture.
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Popularvetenskaplig sammanfattning

I utvecklingslander &r husdjuren viktiga, inte bara som en del av
livsmedelsforsorjningen utan ocksd av socio-ekonomiska och
kulturella skél. Landerna soder om Sahara har en av vérldens hogsta
populationstillvéaxt pa 2,5 % per ar enligt Varldsbanken. Okningen av
produktionen av animaliska livsmedel ar dock betydligt mindre och
dessa lander har ocksa den lagsta konsumtionen av animalieprodukter
i varlden (Cardoso, 2012). For att méta den 6kande efterfragan pa kott
och mjolk fran en dkande befolkning har Rwandas jordbrukspolitik
inriktats mot hogre produktivitet 1 husdjursproduktionen, vilket
inkluderar att ersatta nuvarande djurmaterial och att genetiskt forbattra
det egna djurmaterialet.

Nagot forenklat kan produktiviteten i mjolk- och kéttproduktionen

oOkas pa tre olika satt.

1. Man kan bedriva selektion inom de egna lokala raserna. Detta ar
dock en langsam process och den blir inte snabbare av den brist pa
infrastruktur som finns och att det saknas samordning bland de
smaskaliga mjolk- och kottproducenterna pa lokal niva.

2. Man kan importera raser fran industrialiserade lander. Dessa raser
har utvecklats till en hog produktionsniva tack vare en samtidig
forbattring av den genetiska nivan, skotsel och utfodring. Darfor
kraver dessa kor en naringsforsorjning pa hog niva for att deras
genetiska potential ska utnyttjas, och detta saknas ofta mojligheter
till i Rwanda.

3. Korsningsavel eller uppgradering av de lokala raserna med
importerad sperma. Detta dr ofta en mer tillampbar strategi
eftersom de fodda korsningsdjuren utvérderas under tropiska

67



forhallanden och man kan kombinera fordelar fran saval
importerade som lokala raser. Dessutom kan man fa nytta av s k
heteros, eller korsningsvitalitet, som uppkommer nar man korsar
tva skilda raser och man bryter ocksa upp eventuell inavel. Detta
kan gora att man fa fram djur som béttre utnyttjar tillgangliga
resurser och som ger hogre inkomster av kott och mjolk.

Holstein Friesian och Jersey &ar de importerade raser som oftast
anvands for korsningsavel i tropiska lander (Ahunu et al., 1994).
Korsningar mellan Ankole & ena sidan och Holstein Friesian, Jersey
och Sahiwal a den andra, precis som liknande korsningar mellan Bos
taurus- och Bos indicus-raser, paverkar olika egenskaper som
kroppsvikt, tillvaxt, fruktsamhet och mjolkproduktion bade genom
den additiva genetiska effekten och genom heteros.

Ett  Kkorsningsavelsprojekt  startades 1999 av  Rwandas
jordbruksstyrelse (RAB) dar kor av den lokala rasen Ankole pa deras
forsoksstationer korsades med Holstein Friesian, Jersey och Brown
Swiss for att undersoka mojligheten att skapa en ny mjolk- och kéttras
anpassad for smaskaliga bonder. Denna avhandling ar baserad pa att
analysera information fran dessa forsok for att jamfora hur vardefulla
olika korsningar ar med avseende pa tillvaxt, fruktsamhet och
mjolkavkastning. Dessutom samlades information in fran olika
besattningar i tre olika klimatzoner med olika
produktionsforutsattningar.

Tillvdxt och levandevikt &r ekonomiskt viktiga egenskaper for
kottproduktionen och de &r ofta de egenskaper som man forst borjar
selektera for i ett avelsprogram. Egenskaperna ar relativt latta att mata
pa ett standardiserat satt och man kan mata tillvaxten upprepade
ganger. Kopplingen mellan dessa egenskaper och bondens ekonomi ar
ocksa vildigt tydlig, ofta far man betalt vid slakt per kg levandevikt.

Syftet med den forsta artikeln var att jamfora levandevikt och tillvaxt
fran fodsel till 18 manaders alder for olika korsningskalvar fodda fran
1999 till 2007. Kalvarna var korsningar mellan raserna Ankole (A),
Brown Swiss (B), Holstein Friesian (F), Jersey (J) och Sahiwal (S).
Forutom korsningstyp hade dven kon, arstid och fodelsear inverkan pa
de flesta egenskaper.
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Ankole-Jersey (AJ) korsningar hade lagst fodelsevikt men var
jamforbara med AS, AJxS och ASxJ vad géllde vikt vid 8 och 18
manaders alder och for avvanjningsvikt (korrigerad till 10 manaders
alder). AB- och AF-kalvar vagde ungefar lika mycket, utom vid 18
manader da AF var tyngre. Generellt var AF tyngre an Ovriga
korsningar, men skillnaden var mindre &n forvéntat, antagligen for att
miljo- och utfodringsforhallandena inte fullt ut tillat kalvarna att visa
sin genetiska potential.

Syftet med den andra artikeln var att jamfora fruktsamheten for
Ankole och dess korsningar med Holstein Friesian, Jersey, and
Sahiwal. De egenskaper som studerades var intervall fran kalvning till
forsta eller sista insemination, kalvningsintervall, draktighetsprocent
och antal inseminationer. Medelvarden for dessa egenskaper var 192
dagar, 198 dagar, 480 dagar, 67%, respektive 1,23. Korsningen AF
hade battre dréktighetsprocent an renrasig Ankole och AS, och AS
hade lagre draktighetsprocent &n AJxS och AJ. A andra sidan hade
Ankole (och delvis AF) langre intervall till forsta och sista
insemination an AJ, AS och FF. Ankole hade 54 dagar langre
kalvningsintervall &n medeltalet for alla korsningar. Dessa langa
intervall pekar pd behovet av battre hantering av icke-draktiga kor
bade vad géller energiforsorjning och rutiner for diande kalvar.

Den tredje artikeln jamforde mjolkavkastningen per dag eller totalt
over 100 eller 305 dagar samt laktationsperiodens langd mellan
renrasig Ankole och dess korsningar samt inverkan av miljofaktorer
pa dessa egenskaper. Kalven fick borja att dia kon for att underlatta
mjolknedslapp och fick dven dia efter att man mjoélkat klart sa i den
uppmatta mjoélkmangden ingar inte den mangd som kalven druckit.
Mjolkmangden utan hansyn till korsningstyp av 2.7 I., 262 . under 100
dagar och 759 I. under 305 dagar. Laktationslangden var i medeltal
291 dagar. Forstakalvare hade ldgst avkastning och fjardekalvare
hogst. Renrasig Ankole hade lagst daglig mjélkavkastning (2,0 1.) men
ocksa langst laktationsperiod jamfort med korsningarna. Det fanns
ingen signifikant skillnad mellan AF, AJxS och ASxJ (4,4-4,7 1.), och
inte heller mellan AS och ASxS (3.3 1.). AJ hade en avkastning mellan
dessa tva grupper (3,9 1.).
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| artikel fyra valdes ett antal progressiva bonder fran tre klimatzoner
ut. Medelavkastningen per dag var hdgre for renrasig Holstein Friesian
an for AF, 14 1. mot 8,6 . Pa grund av béttre skétsel och utfodring var
den allméanna produktionsnivan betydligt hdgre an i artikel 3, dar det
inte fanns nagon tillskottsutfodring utan bara bete.
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