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Chapter |

General introduction

Demand for dairy products is rapidly growing in Asia, Africa, and Latin America, induced by
urbanization and preferences for nutritious foods (Guyomard et al., 2013). Typical dairy system in these
regions is based on smallholder farming in tropical environment, poor genetic potential of animals for
milk, low quality feeds, high risks of epidemics, lack of technical man power for dairy industry, high
environmental stresses, reproductive failure and high udder abnormalities, orthodox management
practices, poor extension services and lack of commercial rations. Increase of milk production is
expected to supply the demand as well as to raise income of dairy farmers. Genetic improvement of the
dairy cattle, along with changing feeding practice, is shown to largely increase milk production
(McDermott et al., 2010). Crossbreeding of local breeds with temperate dairy breeds, such as Holstein-
Friesian (HF), has been recommended to achieve both high productivity and resistance to heat stress
(Philipsson, 2000). However, cattle with high proportions of exotic temperate blood tend to be managed
intensively. Additionally, these exotic breeds are by definition not well-adapted to the local climate,
feed resources and management systems and require some level of environmental modification (such as
cooling and ventilation system) to remain reasonably healthy and productive (Herath and Mohammad,
2009). As a matter of fact, the main dairy market in the tropical countries mentioned above including
Thailand is ready to drink milk. Therefore, milk yield is a major trait of selection in breeding programs
for the dairy cattle in such areas, leading to increasing productivity per animal.

Not different from advanced dairy raising countries, increasing incidences of health and fertility
problems in dairy cattle was reported as milk yield increased (De Vries and Veerkamp, 2000;
Oikonomou et al., 2008) due to the antagonistic genetic relationship between milk production traits and
fertility traits (Roxstrom et al., 2001; VanRaden et al., 2004; Liu et al., 2008). These concerns have been

confirmed by work on reproductive efficiency carried out by several authors (e.g., Bagnato and



Oltenacu, 1993; Hoekstra et al., 1994; Philipsson et al., 1994; Pds6 and Méntysaari, 1996; Pryce et al.,
1997; Collard et al., 2000; Lucy, 2001; VanRaden et al., 2004). Current breeding programs tend to
combine both productive and functional aspects to select high-producing and robust cows. In support of
this global objective, the interest in functional traits such as fertility is increasing because of its
relationship with economically important traits that take an increasing weight in modern breeding
objectives. It also impacts on herd productivity and the overall profitability in dairy farming.

Fertility is one of the most economically important traits for the dairy cattle industry. It is a
complex trait with a low heritability which can be defined as the ability to puberty, the ability to return
to cycling after calving within an acceptable period, the ability to conceive following insemination and
maintain a pregnancy, and the combination of these abilities (Jorjani, 2007; Abe et al., 2009). It greatly
influenced by many factors, which include milk production, heat stress (seasons), management
(voluntary waiting period, synchronization, and service protocols), nutrition, cow age, and genetic
background as well as others (Huang, 2009). Poorer fertility results in higher inseminations, labor and
veterinary cost, decrease of milk production (fewer progeny born), slippage in dairy pattern, less
intensive selection and increase replacement rate due to involuntary culling (Hodel et al., 1995; Roche,
2006). In several countries, impaired reproductive performance is the predominant reason for culling of
dairy cows.

Even through heritability of fertility traits is low depending on the definition of the trait and the
methodology used for analysis, ranging from 1 to 10% as reported in many studies (Weller and Ron,
1992; Muir et al., 2004; Weigel, 2004; Gonzéalez-Recio and Alenda, 2005; Jamrozik et al., 2005;
Gonzalez-Recio et al., 2006a; Kuhn et al., 2006; Estrada-Leon et al., 2008) which genetic response for
these traits is expected to be slow. The additive genetic variation for these traits was deemed to be
sufficient such that selection for fertility could be effective. Therefore selection for fertility traits is
worth considering (Weller and Ron, 1992; Boichard and Manfredi, 1994; Weigel and Rekaya, 2000;

Makgahlela et al., 2007) due to it can be also transmitted through the next generation. Accurate genetic



evaluations are needed to identify the best animals in the population. When better methods are applied
to predict breeding values, higher genetic response can be expected.

Genetic evaluation of fertility traits are widely considered in different manners as national genetic
evaluation programs across countries (INTERBULL, 2012) (see Table 1-1), but an evaluation for these
traits in Thailand is not yet available. Some countries evaluate only one of the traits whereas other
countries combine different fertility traits into a selection index (Weigel and Rekaya, 2000; VVanRaden
et al., 2004). Therefore, including the fertility in the breeding goal other than milk production trait in
Thailand is considered to be necessary to optimize the result of genetic improvement of dairy cattle or

stopping its downward genetic trend of fertility traits.

Aim of dissertation

The overall objective of this dissertation was to study the genetic evaluation of female fertility
traits of Thai dairy cattle by applying appropriate methodology and introduce to a Thailand national
genetic evaluation. The more specific objectives were outlined in the following:

1. to estimate genetic parameters for various fertility traits on Thai dairy heifers and cows in a
smallholder system under tropical conditions using data sets from the Thailand national
recording scheme;

2. to estimate genetic parameters for fertility traits, test-day milk yield (TD-MY) and test-day fat-
to-protein ratio (TD-FPR) as well as their relationship during different stages of lactation using
random regression models (RRM) on Thai dairy cows in a smallholder system under tropical
condition; and

3. to estimate genetic parameters and breeding values for conception rates (CR) of Thai dairy
cows using the repeatability threshold model (RP-THM) and random regression threshold
models (RR-THM) and compare covariance functions for modeling the additive genetic (AG)

and permanent environmental (PE) effects in the RR-THM;



Table 1-1. Descriptions of national evaluation system for fertility traits

Country Breed(s)" Traits definition Genetic evaluation model®
and units®
Australia (AU) HOL, JER, Cl, LL, DTFS, MT-BLUP-AM
GUE, RDC NRR25, PR
Belgium (BE) HOL PR, DO ST- BLUP-AM
(Walloon Region)
Canada (CA) HOL, AYR, NRR56h, DTFS, MT-BLUP-AM
BSW, GUE, JER NRR56c,
DFLS,DO
Czech Republic (C2) HOL CR ST-BLUP-AM
Denmark (DK), HOL, JER, RDC NRRS56h, DTFS, MT-RP-BLUP-SM
Finland (FI), NRR56c,
Sweden (SE) DFLS,DO
France (FR) HOL, BSW, CR, DTFS, CR: ST-RP-BLUP-AM,
RED MT-BLUP-AM
DTFS: ST-RP-BLUP-AM
Germany (DE), HOL, JER, RDC NRR56h (%), MT-ML-RP-BLUP-AM
Austria (AT), DTFS, DFLSh,
Luxembourg (LU) NRR56¢ (%),
DFLSc, DO
United Kingdom (UK) HOL, AYR NRR56¢, ClI MT-BLUP-AM
(RDC), BSW, includes TD-MY 100, DTFS,
JER, GUE NSPC,BCS
Ireland (IE) HOL, JER,RDC DTFS, NSPC,Cl MT-BLUP-AM
Israel (IL) HOL CR ST-BLUP-AM
Italy (IT) HOL Cl, DTFS, MT-BLUP-AM
BSwW NRR56 (%) ST-BLUP-AM
Cl, DTFS, DO,
CR
Netherlands (NL) All breeds DTFS, NRR56 MT-BLUP-AM
Including Belgium ( binary trait),
(Flemish region) DFLS, ClI,
M305, F305,
P305, BCS
New Zealand (NZ) HOL, BSW, PM21, CR42 MT-ML-BLUP-AM
GUE, JER, RDC
Norway (NO) NRF NRR56h, MT-BLUP-AM
NRR56¢1, Trait sets: (NRR56h, NRR56c1,
NRR56¢2-3, NRR56¢2-3); (DTFScl, DTFSc2-
DTFScl, 3); Cl
DTFSc2-3, Cl
Poland (PL) PHOL NRR56h, DTFS, MT-BLUP-AM
NRR56¢c, DO
South Africa (ZA) HOL, AYR, Cl1, CI2, CI3 MT-ML-BLUP-AM
GUE, JER HOL: with Milk yield, Rump

height, Angularity and Rear udder
height

JER: with Milk yield, Rump
height, Angularity and Rear udder
height

GUE: with Milk yield




Table 1-1 (Continued). Descriptions of national evaluation system for fertility traits

Country Breed(s)" Traits definition Genetic evaluation model®
and units®
Spain (ES) HOL DO MT-BLUP-AM
with Milk in 120 Angularity and
BCS
Switzerland (S2) HOL, BSW, NRR56¢ (%), MT-BLUP-AM
RHOL NRR56¢ HOL:NRR56 (%), DTFS

(binary), DTFS ~ BSW:NRR56c (binary), DTFS
RHOL: NRR56 (%), DTFS

United States of HOL (B&W, HCR, CFI, MT-MB-BLUP-AM
America (US) R&W), AYR CCR, DPR

(RDC), BSW,

GUE, JER, MSH

(RDC)

Source: INTERBULL (2012)

'Breed: AYR= Ayrshire; BSW= Brown Swiss; B&W=Black and White; GUE= Guernsey; HOL= Holstein; JER=
Jersey; MSH= Dairy Shorthorn; NRF= Norwegian Red; PHOL= Polish Holstein; RDC= Red Dairy Cattle; RED=
Pie rouge des Plaines; RHOL= Red Holstein; R&W= Red and White

*Traits definition: BCS= Body condition score; CCR: Lactating cow’s ability to conceive; CFl: Lactating cow’s
ability to start cycling; ClI =Calving interval; CR = Conception rate; CR42 = Success/failure for re-calving in the
first 42 days of the herd’s calving period; DFLSc =Days between first insemination and conception, cow; DFLSh
=Days between first insemination and conception, heifer; DO=Days open; DPR: Lactating cow’s interval calving-
conception (percentage of non-pregnant cows that become pregnant during each 21-day period)-DO; DTFS= Days
from calving to first service; DTFScl= Days from calving to first service in first parity; DTFSc2-3= Days from
calving to first service in second to third parity; F305= 305-d fat yield; HCR: Maiden heifer’s ability to conceive
(percentage of inseminated heifers that become pregnant at each service); LL=Lactation length; M305= 305-d milk
yield; NRR25 = Twenty-five-day first service non-return rate; NRR56h= Non return rate at 56 days at first
insemination, heifer; NRR56¢ = Non return rate at 56 days at first insemination, cow; NRR56c1 = Non return rate
at 56 days at first insemination in first parity; NRR56c2-3 = Non return rate at 56 days at first insemination in
second to third parity; P305= 305-d protein yield; PM21= Success/failure at being presented for mating in the first
21 days of the herd’s mating period; PR= Pregnancy rate

3Genetic evaluation model: ST- BLUP-AM= Single trait animal model; ST-RP-BLUP-AM= Single trait
repeatability animal model; MT-BLUP-AM= Multiple traits animal model; MT-MB-BLUP-AM= Multiple traits
multi-breed animal model; MT-ML-BLUP-AM= Multiple traits multiple lactation animal model; MT-RP-BLUP-
SM= Multiple traits repeatability sire model



Dissertation organization

The dissertation is comprised of six chapters. The chapter | and Il contain a general introduction
and review of literature for the whole dissertation, respectively. Chapter Il to V are written as a
separated papers that each focus on a particular aspect of the estimation of (co)variance components and
related parameters of Thai dairy cattle for a selected female fertility traits, milk production trait and
energy balance trait. Chapter Il provides genetic parameters for various fertility traits on heifers and
cows in a smallholder system under a tropical condition. Chapter IV gives genetic parameters for
fertility traits, test-day milk yield and test-day fat-to-protein ratio as well as their relationship during
different stages of lactation using random regression models in tropical smallholder dairy farms.
Chapter V gives genetic parameters and breeding values for conception rate using repeatability and
random regression threshold models and provides a comparison different random coefficient functions
for modeling the additive genetic and permanent environmental effects in a random regression threshold
model. Chapter VI gives the general conclusions and recommendations from the previous three

chapters.



Chapter Il

Literature reviews

1. Dairy industry in Thailand

Thailand is located between 5° 35' to 20° 30" North latitude and 97° 20' to 105° 40" East longitude
and is situated in the middle of mainland Southeast Asia, neighboring with Myanmar (northern and
western), Laos (eastern) and Malaysia (southern). There are a rough geographical area of 514,000 sg.
km (200,000 sg. miles). This makes Thailand roughly equivalent in size to France or Texas. Annual
mean temperatures typically range from 24 to 30 °C (75 to 86 °F), relative humidity ranges from 66 to
81% and annual rainfall ranges from 777 to 5,111 mm. There are three seasons: summer (March-June),
rainy season (July-October) and winter (November-February) (Meteorological Department, 2013) and
can best be described as tropical and humid for the majority of the country during most of the year.
During the summer, the temperature rises dramatically in the second half of March, well over 40 °C in
some areas by mid-April.

The Ministry of Agriculture and Cooperative (MOAC) is responsible for livestock development.
The Department of Livestock Development (DLD), government organization and Dairy Promotion
organization (DPO), semi-government organization are the two of organization under this ministry and
they are the main state agency having responsibility for providing technical services for the dairy cattle
sector. These services are provided with the assistance of 77 Provincial Livestock Offices through 307
District Livestock Offices. Milk and milk product committee (Milk Board) is under the purview of
MOAC and is involved considering strategies of raw milk quality, quantity and the quota of the
imported skim milk powder.

The structure of the Thailand dairy milk chain does not deviate to a great extent from any dairy
milk chain around the world, with the exception of the large volume of imported dairy ingredients to

supplement local milk production. In general, the majority of locally produced milk is collected by milk



collection co-operatives and subsequently sold to processors. Very few milk collection co-operatives

also have processing activities. Dairy processors use both local raw milk and imported dairy ingredients

as inputs in their manufacturing process. Their products are sold to retail and foodservice customers

before they reach the

end consumer.

Food retail >

Dairy farming >

Milk collectio>

Processing >

Figure 2-1. Thailand

dairy milk chain

Food service >
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3,000 tonnes/day fresh milk

A4
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6 Education Institute
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1.1 Dairy farming

Dairy population

The total dairy cattle population in Thailand reported in 2013 were 512,205 animals which
concluded of 500,418 female animals with 229,899 milking cows in 17,094 farms (Department of
Livestock Development, 2014a) and raw milk production was around 1,067,452 tonnes per year or
3,000 tonnes per day (Office of Agricultural Economics, 2014a). The number of dairy farms decreased
about 18% whereas milk production increased about 36% during 2006 to 2013. The majority of dairy
farmers (80%) are small holders with the average of 30 animals per farm, including calves, heifers, and
cows (Department of Livestock Development, 2014a). The raising area are scattered all over the
country, 60% in the central, 20% in the north eastern, 10 % in the eastern, 8% in the northern and 2% in
the southern region. Among total dairy cattle, about 356,687 animals (70 %) were registered and about
50,350 animals (10 %) have milk recording that were in database of the Bureau of Biotechnology for
Livestock Production (BBLP), DLD and some small amount were in DPO database and private farms.
The trend of dairy population size has been increasing with locally born animals by Al rather than

imported.

Table 2-1. Descriptions of dairy cattle population and milk production in Thailand during 2006-2013

Year Dairy Farm* Dairy Cattle* Milking Cows* Milk Production**
(households) (animals) (animals) (tonnes)
2006 20,907 412,804 310,085 803,250
2007 21,230 489,593 291,965 729,098
2008 19,214 469,937 206,680 786,186
2009 17,837 483,899 204,805 840,691
2010 19,863 529,572 225,390 911,391
2011 20,645 560,659 243,089 982,453
2012 20,624 577,841 258,030 1,022,190
2013 17,094 512,205 229,899 1,095,314

Source: *Department of Livestock Development (2014a)
**Office of Agricultural Economics (2014a)



Dairy breeds and breeding

Most of the dairy cows are crossbred of Bos indicus, such as Sahiwal, Brahman, and Thai Native
cattle upgraded by HF. Currently, the majority of the dairy population are >75% HF blood (Department
of Livestock Development, 2015). The gene fraction of HF varies widely, even within farms. Cow
productivity differs around the country. The central region is considered to be more productive than the
other region. Average milk yield per cow is 4,000 kg per 305-d lactation (Department of Livestock
Development, 2014b), which is relatively low compared to international standards (7,500 kg in the EU;
9,800 kg in Canada; 9,500 kg in the US; 5,900 kg in Australia; 8,100 kg in Japan). To a certain extent
this can be explained by the tropical weather, the use of low nutrient local grass, the improper
management especially in term of culling. The cows are kept as long as they can still produce milk even
the cows that have passed the peak production period of life. On specialised dairy farms with 30 cows
or more, average annual milk yield per cow can be up to 5,000 kg or more. These crossbreds are
relatively well adapted to local conditions and are well accepted by farmers. Purebred HF could be
reared to increase the level of milk production, but the cost of production per kg of milk remains high.
Milk yield of some highly selected crossbreds are as high as or higher than the average milk yield of
some purebreds.

HF blood level
100% HF | 0.48

93.75 -<100% HF | 3026
87.5-<03.75% HF | 5547
75-<87.5% HF [ 1255

62.5-<75% HF || 1.05

50 -<62.5% HF | 0.19

0.00 10.00 20.00 30.00 40.00 50.00 60.00
%
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Figure 2-3. Distribution of dairy cattle population by fraction of HF blood level
Source: Department of Livestock Development (2015)

Al services by the government organization, DLD are provided for more than 90% of dairy cattle
in the country and the left were serviced by the semi-government organization, DPO and the dairy

cooperatives in the areas. Frozen semen used for Al services is both imported and locally produced.

Dairy feed and feeding

Dairy cattle in Thailand are usually raised in a smallholder environment with varying feed and
feeding methods from region to region. Generally, the daily feed ration has been based heavily on
concentrates which produced by local large private companies and distributed by the cooperative. A few
farmers used maize grain meal and rice bran as supplement but its use was not systematic throughout
the year. With regard to the quantity of concentrates used, many farmers provide 1 kg concentrate: 2 kg
milk production per day as norm of practice. It was obvious that the nutrition required by milking cows
in most farms could not be satisfied because the quality of concentrated feed might be low both in
energy and protein. Relative volumes of the ingredients in the composition of the concentrate feed
depend on local availability and price. In addition there was the problem of poor quality roughage used
by many farmers. Poor nutrition meant that many cows took a long period to recover their body weight
after calving and some of them had chronic problems of reproductive disorder after calving. Roughages
commonly used consist of tropical grass, rice straw and some agro-wastes. However, large-scale dairy
farms are using corn silage and/or total mixed ration (TMR) throughout the year. The use of crop
residues, such as corn stover, rice straw, soybean stems or pineapple peel is very common. For routine
use as cattle feed, hay is too expensive. However, shortages of roughage feeds are serious in dry or
summer seasons and farmers have to buy hay or straw, or have to increase their use of commercial

mixed rations.
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The feeding methods of dairy farmers also vary from region to region. In the South region, where
pineapple factories exist, farmers feed 30-40 kg of pineapple waste, 5-10 kg of concentrate and an
additional 2-3 kg of rice straw per cow per day. In the Central and Northern region, farmers feed their
cows with 5-10 kg concentrate, 20-30 kg of silage from sweet corn and pineapple waste, 3-5 kg of rice
straw and 2-3 kg of waste from ethanol factories. In the Northeast region, farmers feed their cows with
5-10 kg concentrate, 20-30 kg of silage from sweet corn and pineapple waste, 4-6 kg of rice straw and
3-5 kg of waste from tapioca factories. Silage of mixed grass varieties from backyards is given in small

amounts and is available only in the rainy season (Yeamkong et al., 2010).

Dairy herd health management

An increase in the number of animals would lead to an enlargement in the number of diseases and
accidents involving the cattle. Currently, DLD has established a system for dairy health in the dairy
dense populated areas called Dairy Herd Health Unit (DHHU). Veterinarian officers are assigned to
local offices for dairy health services. With regular farm visit by the DHHU, the dairy farmers can get
quick services when their cows have problems. The proactive policy for diseases control is done by
regular diseases surveillance and vaccinations which are routinely run according to the infectious
disease prevention programs such as foot and mount disease (FMD), Brucellosis, Tuberculosis and
para-tuberculosis. Deworming programs are also recommended. In addition to the vaccination program,
DLD also encouraged farmers to participate in good animal husbandry practice standard. The standard
includes bio-security and food safety. At sires’ side, as the regulation, all the sires in semen production

centers must be certified for infectious diseases and reproductive diseases free by the DLD.

Dairy income and cost
The average total cost of dairy farming is varied depending mainly on the number of animals

raised and herd structure. The main cost component is feed (60%) followed by labour (20%), veterinary
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services, equipment and other expenses (20%). About 40% to 50% of total revenues can be considered
“profit including management returns”. In cost comparison exercises, the factor labour cost is often
difficult to assess since the farmers’ own family labour has to be added into the equation. Since this
does not take into account the return for management, we consider the 40 to 50% profit inclusive
management returns.

It is possible for dairy farming to enjoy cost benefits from economies of scale. Since most of the
larger dairy farms in the country are still relatively small or medium-sized by international standards,
scaling up definitely offers scope for higher cost efficiency. Size strongly impacts the costs of
concentrate feed. The cost of concentrate feed per kilogram of milk ranged from Thai Baht (THB) 12.0
on farms with around 10 cows, to THB 10.0 on farms with over 40 cows. Small farms spend much more
on concentrate feed compared with the larger farms because they do not own machines for blending
their own concentrate feed and so have to buy much more expensive ready-made feed. The same is also
true for the relative costs of roughage since their operations are too small for growing their own

materials or buying it in bulk.

1.2 Milk collection

Most dairy farms milked the cows twice a day in the morning and afternoon. Generally, no cooling
devices are available in the barns except in some large commercial farms. Raw milk will be transported
to the milk collection points. Most of the milk collection points are operated by co-operatives, but
private companies, education institution and semi-government enterprises, DPO, are active in milk
collection as well. In 2013, there are 91 co-operatives, 43 private companies, 6 education institution and
14 semi-government enterprises. Most milk collection co-operatives have other activities besides
collecting and selling raw milk for their member farmers. They also provide reliable and competitively

priced energy, feed, financial and services i.e. Al and veterinary services. Raw milk from collecting
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centres is normally transferred to milk factories for further milk processing. A few co-operatives also
have their own processing facilities.

The government guaranteed raw milk price of THB 18 per kg for factory gate price. Moreover, the
reward and reduction of the price from guarantee price are applied according to the milk quality
standard which is set by the milk Board. The farm gate prices are determined by turnover and business
benefit of the cooperatives. As the result, the present farm gate price are around THB 16.5 to THB 17.5
per kg, depending on the quality of the milk but also on the cost level of the co-operative. All the cost of
services provided by the co-operative will be included into the cost of the cooperative and used in
calculation for farm gate price. However, the co-operatives also pay a dividend to their farmers at the

end of business year.

Table 2-2. Description of milk price in Thailand during 2006-2013

Year Farm Gate Price Factory Gate Price
(THB/Kg.) (THB/Kg.)

2006 11.50 12.50

2007 12.91 12.50/13.75/14.50

2008 14.56 14.50/18.00

2009 15.60 16.50

2010 15.43 16.50/17.00

2011 15.73 18.00

2012 16.88 18.00

2013 16.92 18.00

Source: Office of Agricultural Economics (2012a, 2013a)

1.3 Processing

In 2013, about 97% of the total milk production were supplied to the processing plants for the
producing of ready to drink milk, 2.8 % was used for cheese production and the remainder were sold
and distributed in local markets. There are 98 milk processing plants in Thailand, where 24 are large-
scale plants and 74 plants are considered small-scale. From these 74 small-scale plants, 21 are operated

by co-operatives, 19 plants are owned by educational institutions and the rest 34 plants are run by
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private sector. Large-scale plants are mixture of local players like Dutch Mill, Thai Dairy Industry
(TDI), Nong Pho Dairy Cooperative, DPO, the joint venture CP Meiji and multinationals like Foremost,
Nestlé, and Dumex. Multinationals are driving the industry in terms of product differentiation and
innovation. The environment is very competitive and innovation plays a very important role in the fight
for dairy market share. Health benefits from the main research area are necessary for processors to look

for opportunities to innovate.

1.4 Retail and foodservice

Dairy products reach the consumer either through retail or foodservice, i.e. restaurants and
catering. The Thai retail market is currently equally divided between traditional trade and modern trade.
Each of the categories accounts for approximately 50% of the overall sales volume. Wet markets and
the so-called mom and pop grocery stores are categorised as traditional trade and modern trade
comprises supermarkets, convenience stores, cash and carry stores, department stores and specialty
stores. Sales through the modern trade category are growing at the expense of the traditional trade
category. Still, for certain products like Yakult’s cultured drinks, the traditional mom and pop grocery
stores are still very important.

Foodservice comprises a category that is very important for dairy consumption in Thailand, the
School Milk Programme (SMP) initiated in 1989 by the National Milk Drinking Campaign Board and
providing children from kindergarten up to grade 4 with a ration of free milk. The Thai government’s
budget for 2014 includes THB 15.0 billion for the programme. Currently, 260 days a year over seven
million children are allocated 200 ml. of milk daily.

The importance of the SMP is twofold. Firstly, it creates a familiarity with dairy products at a very
young age. It is generally considered that the SMP has played a very important role in the increase of

per capita dairy consumption in Thailand over the last decade. Secondly, processors supplying the SMP
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are only allowed to use local raw milk for the pasteurised and ultra-high-temperature milk they supply
to the programme.

A negative side effect of the dependence of the local industry on the SMP is that it tends to create
a temporary over supply situation during school breaks when demand for school milk comes to a halt.
This has recently caused industry and government representatives to call for a milk powder factory to
overcome of these temporary over supply situations. This solution, however, seems like a clear case of
dealing with the symptom instead of addressing the cause which is lack of competitive strength of
locally produced milk.

1.5 Consumers

The daily per capita consumption of milk in Thailand is extremely lower than that of Western
industrialized countries. Thailand per capita consumption is one-tenth of that in Australia and New
Zealand and one-fourth of that in Japan. As mentioned earlier, 96% of milk production are used to
produce ready to drink milk. Of these, 34% are processed for school milk and 61% are supplied to
commercial markets. The consumption of drinking milk, as well as other milk products such as
sweetened condensed milk, continuous increase steadily every year. In 2013, per capita availability of
milk in Thailand is 14.5 kg (Office of agricultural economics, 2013b). Especially consumption of
drinking milk, is confined almost totally to urban or peri-urban populations where marketing facilities
and purchasing power exist.

Thailand still has to import milk and other milk products every year to fulfill the ever increasing
demands. During year 2012-2013 Thailand expended about 7,381 million THB of valuable foreign
exchange to import the milk and milk products i.e. skimmed milk, whole milk, milk for infant and other
dairy products from New Zealand (42%), Australia (14%), America (12%), Netherland (8%), France
(5%), Belgium (5%), Czech (3%), and others (11%) (Office of agricultural economics, 2015). The

increasing demands for dairy products are attributed to high population growth rate and rapid
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urbanization. The annual average import growth between 2006 and 2013 was 6.83 % as well as an
increase in import values about 10.66% per year.

However, Thailand has also exported assorted types of dairy products to such neighboring
countries as Cambodia (31%), Singapore (19%), Philippines (18%), Myanmar (8%), Lao (7%),
Malaysia (5%), Hong Kong (4%), Indonesia (3%), Vietnam (2%) and others (3%). In 2013, the export
values of dairy products was 19,826 million THB, 5 % higher than that of in 2012. Major dairy products

exported are condensed milk, and sweetened condensed milk.
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Table 2-3. Description of Thai dairy product trade during 2006-2013

Year Imported Exported Trade Balance
Quantity Values Quantity Values Values
2006 114,385 4,130,167 184,642 13,190,083 -9,059,916
2007 110,207 4,505,723 162,621 16,194,910 -11,689,187
2008 99,530 4,501,131 161,949 17,897,522 -13,396,391
2009 100,276 4,357,716 149,521 9,661,702 -5,303,986
2010 115,094 5,309,126 178,873 15,393,101 -10,083,975
2011 127,774 6,322,210 198,019 18,429,881 -12,107,671
2012 131,750 6,069,332 226,907 18,845,664 -12,776,332
2013 178,504 7,381,473 188,897 19,826,454 -12,444,981

Quantity: Tonnes
Values: Thousand THB
Source: Office of Agricultural Economics (2012a, 2012b, 2013b, 2014b)

2. Dairy genetic improvement in Thailand

Originally, dairy cattle are not the local animal of Southeast Asian nations which located under
tropical condition (hot and humid). Cattle were raised as a source of draft power for their agricultural
businesses and also for meat production. These countries have an increasing demand for dairy products
due to prospering in economy and growing up urban or peri-urban populations. One of the first
proposals to meet these requirements is to increase the production capacity of the dairy animals.
However, the productive potentials of indigenous cattle are low compared to temperate breeds. Hence
several efforts are made to increase livestock production through breeding strategies (by selection,
cross-breeding or even importation of female stock) and policies that encouraged the introduction and
breeding of exotic temperate breeds (Stetshwaelo and Adebambo 1992).

Genetic improvement of dairy cattle in Thailand has a very long history almost 60 years ago when
artificial insemination (Al) service was established in 1956 under strategies and policies recommended
by Food and Agriculture Organization of the United Nations (FAQO). The recommendation is to improve
native draft cattle by crossing them with dairy breeds would increase milk production significantly.
Initially dairy cattle breed from the countries in temperate zone (i.e. Brown Swiss, Jersey, Red Dane and

Holstein Friesian breed) and tropical zone (i.e. Red Sindhi and Sahiwal breed) in terms of both live
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purebred dairy cattle and frozen semen were imported to cross with Thai native cattle in order to
produce dairy crossbreds. Crossbreeding of local breeds with temperate dairy breeds has been
recommended to achieve both high productivity and resistance to heat stress (Philipsson, 2000).

However, the upgraded dairy cattle with more than 75 % Bos tuarus in that time were faced the
problem of reproductive efficiency, disease resistance and environment tolerance. The FAO specialist
have recommended that Thailand should keep the upgraded dairy cattle not more than 75 % Bos tuarus.
Therefore, in 1969 purebred HF was selected to be the predominant breed for upgrading Thai native
cattle in developing and have controlled population within 75 % HF. The HF was selected to be the
predominant breed because HF had larger body size and produced more milk, which were preferable
characteristic for the local marketing system and socio-economic conditions of Thailand. In 1985, the
first sire evaluation for milk production were computed using daughter-dam comparison (Sanpote et al.,
1986).

In the meantime, different opinion on continued upgrading percentage of HF in crossbred dairy
cattle had been discussed due to improved farm management and nutritional situation. As a
consequence, the number of dairy crossbred has increased rapidly with multi-breeds and higher
percentage of HF than 75% or close to purebred. Since then many farmers across the country have
decided to get into the dairy cattle business (Sukhato and Kengvikkum, 2000).

Many researches concerning this tropic have been performed. One of most promising research
which was studied from fairy large database of DLD revealed that crossbred dairy cows with higher
percentage of exotic blood (more than 87.5%) tended to produce more milk but needed more intensive
management to remain reasonably healthy and productive. Otherwise, these animals would exhibited
low resistance to diseases which led to low productivity as they could not adapt well to environment,
management and feed resources (Tumwasorn, 2014).

Therefore breeding improvement of dairy cattle in Thailand emphasized on individual genetic

ability (breeding value) of both male and female with HF blood level between 81.25 and 93.75. As the
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consequences, the government, DLD which plays the important role in producing the suitable breed for
tropical condition (hot and humid), have supported the crossbreeding policy to continue and initiated
dairy cattle genetic improvement program in Thailand. The most important improvement program is the
Master Bull Project which launched in 1992. The necessary facility for development such as progeny
testing program, milk recording scheme and national Al recording have also been performed. Pedigree,
milk and artificial insemination records have been collected in the DLD database system by officers
since then.

Master Bull Project, also known as under the name “Tropical Holstein (TH) program” was a
research and development program conducted by BBLP, DLD Thailand. The main objectives of the
project were to develop new synthetic dairy cattle breed through selection and inter se mating,
combining dairy production, reproduction, growth and adaptation traits. The new dairy breed is develop
to suite the dairy production systems, market system, climate and environment of tropic conditions like

Thailand. The breeding program was shown as follow:
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Figure 2-4. Dairy cattle breeding program in Thailand

1. 200 elite cows (bull dams) selected based on their national genetic evaluations. Bull dams
selected are also limited by the blood level of HF for not higher than 87.50 % HF in order
to reproduce elite crossbred bull calves. About 2/3 of these cows are planned mating to
domestic elite sires (bull sires), and the remainder with elite foreign sires. The number of
sires selected is around 5-10 heads each year. A large portion of foreign bull sires are USA
and Canada. Linear type and udder traits which are used as criteria for herd management
are also observed. Milk let-down and temperament are observed for culling poorly adapted
animals.

2. About 40 bull calves, sons of elite cows that are collected from farmer by the Al research
centers yearly are all move into bull testing center for performance test.

3. Up to 12-14 month old, all young bulls were selected by commissions on the basis of the

growth, conformation. The ones that could not pass the criteria will be culled. The left will

21



be sent to semen production center and go through the semen quality test for semen
collection and progeny test program.

4. The test bull’s semen is distributed to many different herds nationwide for test mating.
About 50-100 milk recorded daughters are produced from each test bull randomly. The
daughters of test bull are expected to be milk-recorded in the herds they were born. The
herd owners usually keep them in the herds at least until their first lactation is completed.
In the milk recording program, milk yield is recorded once a month and a milk sample of
each cow is also taken for analysis of fat and protein contents. The data used for sire
evaluation and selection is collected by the officer of project.

5. During waiting for result of progeny test, the collected semen of test bull will be stored in
semen bank.

6. After genetic evaluation, semen of tested bull with positive value will be selected as proven
sire and continue keep in semen bank, and the negative valued semen will be discarded.
Official sires and dam’s evaluation takes place once a year at the Bureau of Biotechnology
in Livestock Production, DLD in September. Method of genetic evaluation is multiple-
traits, BLUP with an animal model. The traits for evaluation are milk yield, fat and protein
percentage, fat and protein yield, fertility and type traits.

7. The proven sire will be distribute to general service and some semen from top proven sire
will be sent to inseminate with elite cows in breeding program for next generation.
Recently, semen from crossbred bulls has been used nationwide through artificial

insemination (Al) services.

At the beginning of TH dairy cattle improvement have been developed through the national sire
selection and mating program focusing on milk production (Department of Livestock Development,

2005). After that we have considered other traits which impact to profit in dairy farming such as milk
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quality (fat and protein percentage), 17 type traits (stature, chest width, body depth, dairy form, rump
angle, rump width, rear leg rear view, rear leg set, foot angle, rear udder height, udder width, fore udder
attachment, fore udder length, udder cleft, udder depth, udder balance, and teat size) and age at first
calving. However, other traits such as health and fertility traits will be considered. Currently, the
estimated breeding values (EBV) of production traits were changed from using Lactation animal model
(LAM) to test-day animal model with random regression (RR-TDM) and the other traits have used the
traditional model (Department of Livestock Development, 2014b).

Through genetic selection and improved feeding and management practices, average milk yield
per cow of TH is 3,927.38+1,023.18 kg per 305-d lactation (13.16+ 4.44 kg per day) (Department of
Livestock Development, 2014b) and some cows achieve to produce over 6,000 kg per lactation. Age at
first calving is 31.76+5.40 months. The means (SD) and heritabilities (h?) of dairy cattle population

were shown in Table 2-4.

Table 2-4. Means (SD) and heritabilities (h?) for milk production and fertility traits in Thai dairy cattle

Traits Mean (SD) h*

305-d milk yield (kg) 3,927.38 (1,023.18) 0.49
305-d fat yield (kg) 131.24 (45.60) 0.44
305-d protein yield (kg) 155.83 (37.23) 0.49
Fat percentage (%) 3.54 (0.73) 0.29
Protein percentage (%) 3.12 (0.44) 0.44
Age at first calving (m) 31.76 (5.40) 0.12
Average milk per day (kg) 13.16 (4.44) 0.45

Source: Department of Livestock Development (2014b)

Table 2-5. Genetic trend for milk production and fertility traits during 1989-2009 in Thai dairy cattle

_ 305 d 305_d- 305 df % _ Age at first
Year Birth milk yield fat yield protein yield Eat % Protein calving
(k) (kg) (k) (Month)
1989 -51.94 -1.50 -0.52 -0.004 -0.001 0.10
1990 -48.60 -1.59 -0.62 -0.001 -0.003 0.10
1991 -48.61 -1.25 -0.76 -0.006 -0.007 0.10
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1992 -49.95 -1.24 -0.69 0.000 -0.004 0.06

1993 -60.67 -1.73 -1.02 0.002 -0.003 0.06
1994 -47.04 -1.19 -0.67 0.003 -0.003 -0.01
1995 -59.05 -1.64 -1.14 0.003 -0.004 0.07
1996 -44.56 -1.39 -1.12 0.003 -0.007 0.08
1997 -33.56 -1.02 -0.82 0.004 -0.009 0.05
1998 -6.24 0.00 -0.14 0.012 -0.005 0.02
1999 -7.36 -0.02 -0.25 0.014 -0.007 -0.06
2000 -20.02 -0.25 -0.71 0.021 -0.007 -0.07
2001 -15.26 -0.28 -0.68 0.020 -0.011 -0.08
2002 -6.05 0.38 -0.35 0.022 -0.008 -0.04
2003 -7.30 0.26 -0.41 0.022 -0.009 0.03
2004 23.54 0.96 0.47 0.022 -0.011 0.04
2005 26.29 0.57 0.57 0.017 -0.006 0.02
2006 28.36 0.73 0.68 0.019 -0.001 -0.05
2007 51.34 1.36 1.11 0.024 -0.003 -0.05
2008 94.88 2.49 2.18 0.018 -0.007 -0.09
2009 92.80 2.04 1.74 0.018 -0.016 -0.10
Average/year 6.89 0.19 0.12 0.002 -0.000 -0.21

Source: Department of Livestock Development (2014b)

Genetic trends for production and secondary traits over the last two decade are given in Table 2-5.
Estimated genetic progress in the upgraded Thai dairy population were small (less than 7 kg per year)
for 305-d milk yield, and near zero for milk composition traits.

Recently, the first steps have been made to incorporate biotechnological methods into the breeding
program. Multiple ovulation and embryo transfers (MOET) are being used to increase the potential
number of bull calves from elite dams. In the near future, a genomic evaluation program will be
established at the Bureau of Biotechnology for Livestock Production, Department of Livestock
Development. This new methodology may be possible to increase the rate of genetic progress by 15 to

25%.

3. Fertility trait definitions

Fertility is a composite and very complex trait. It is difficult to define, record and evaluate all the

factors that influence this trait. It is useful to distinguish among traits which are affected by the cow
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(female fertility), traits which are affected by the sire mated to the cow (male fertility) and traits which
are affected by both. Male fertility may be called the direct effect of the sire, and female fertility the
indirect effect of the sire.

For female fertility traits, there are many traits used as indicators. Generally, the traits used in
measuring of fertility for genetic evaluations can be expressed in two different categories: interval and
success traits (Groen et al., 1997; Weigel, 2004; Andersen-Ranberg et al., 2005). These different traits
reflect the ability to puberty, the ability to return to cycling after calving, the ability to conceive
following insemination, and the combination of these abilities, as well as, ability to resist reproductive
disorders (Jorjani, 2007; Abe et al., 2009; Sun et al., 2009a). All measures are based on insemination
records, and in many cases are based on combination with calving records. A brief overview of these

traits is reported in Table 2-6.

Table 2-6. Definition of the most common fertility traits

Trait Acronym  Variable Definition

Interval traits:

Age at first service AFS Continuous (d, m)  The days from birthday to the first
service

Age at first calving AFC Continuous (d, m)  The days from birthday to the first
calving

Voluntary waiting period VWP Continuous (d) The number of days intentionally
left by the farmer before the re-start
of breeding

Days from calving to first DTFH Continuous (d) The days from calving to the first

heat observed heat

Days from calving to first DTFS Continuous (d) The days from calving to the first

service service

Days between first and DFLS Continuous (d) The days from the first to the

last service successful service (or the last service
if no calving record is available)

Days open DO Continuous (d) The days from calving to the

successful service (or the last service
if no calving record is available)

Calving interval Cl Continuous (d) The number of days between 2
consecutive calving

Success traits:

Number of services per NSPC Count [1,2...n] The number of services needed to
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Trait Acronym  Variable Definition

conception achieve pregnancy

Conception rate CR Binary [0/1] The outcome of an insemination
validated by calving data

Conception at first service FSC Binary [0/1] The outcome of an insemination at
first service

Non-return rate at x days  NRy Binary [0/1] The outcome of an insemination

(x=56-60-70-90) validated by the occurrence of a

second breeding within x days

Interval traits

Interval or continuous traits are most commonly used for fertility evaluation, because of their
simplicity and availability at a large scale. They define the distance, usually in days, between two events
of relevant importance for reproduction. The traits that represent complete life cycle from heifer to cow
can be defined as the following: age at first service (AFS), age at first calving (AFC), days from calving
to first heat (DTFH), days from calving to start of breeding (as stated specifically by the farmer, called
"voluntary waiting period”, VWP), days from calving to first service (DTFS), days between first and
last service (DFLS), Days from calving to conception (also known as “days open™, DO), and calving
interval (CI). The advantage of the interval traits is that they are fairly continuously distributed and are
directly correlated to the economic and breeding goal of dairy producers. Further, their analysis can be
accommodated easily using existing standard tools, particularly mixed linear model methodology and
had higher heritability than the success measures. The disadvantage of this trait is it is highly dependent
upon management (Norman et al., 2002). The wide range of interval traits indicates that there is no
unique interval measure that is clearly preferable. However, the traits that widely used and employ in

this study are the following:

Age at first service (AFS) is one of traits closely related to age at puberty that are also used as

predictors of heifer fertility (Herring and Patterson, 1997). Reproductively efficient heifers reach

puberty earlier, and therefore can potentially conceive earlier in the breeding season. This trait is
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influenced by a number of factors, including body weight (BW), nutritional status, and, in particular,
breed (Martin et al., 1992). Onset of puberty may also be influenced by feed intake parameters, by
several metabolites and metabolic hormones indicative of nutritional status, and by various components
of reproduction. For example, insulin, triiodothyronine, IGF-I, and leptin have all been shown to be
positively correlated phenotypically with age at puberty (Hawkins et al., 2000). A trait associated with
age at puberty is BW at first estrus. However, even with extensive knowledge of the physiology of

puberty, age at puberty is a difficult trait to observe in field populations.

Age at first calving (AFC) is also defined although it could be argued that this trait may be more a
reflection of growth and maturity rather than fertility. This trait is routinely recorded and is highly
genetically correlated with age at subsequent calving and the interval between subsequent calving
(Gutierrez et al., 2002). Because of these relationships, this measure is often used to evaluate heifer
fertility. First calving marks the beginning of a cow’s productive life. AFC is closely related to
generation interval and, therefore, influences response to selection. In temperate regions, Friesians attain
puberty earlier than in the tropics (8-9 months as compared to about 20 months in the tropics) and their
AFC is between 17-20 months compared to about 30 months in the tropics (Zaied, 1995). Abuzaid
(1999) reported that the average AFC of imported and locally born Friesian in Sudan was 24.5+1.5 and

26.1+3.2 months, respectively. Farm, year, season and breed of sire significantly affected AFC.

Voluntary waiting period (VWP) is the period after calving that a farmer deliberately does not
inseminate the cow. The VWP represents the first portion of the calving interval. The duration of this
period is partly a management decision, varying from 40 to 70 days on average. Part of its duration is
based on the physiological need for the reproductive tract of the cows to undergo an involution. This
changes quickly in the weeks following calving as the uterus involutes and returns to normal size and

normal estrus activities resume. However, when cows calve down without any complications, this
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recovery process requires no more than 40 days (Stevenson, 2001). Any cow that has had some type of

reproductive or metabolic incident at calving needs more time to recover.

Days from calving to first service (DTFS) is the number of days from calving to the first
insemination of a given lactation, which could be a good assessor of days from calving to first heat
(DTFH). It reflect the cow’s ability to recover and return to normal reproductive functions after calving,
especially the estrus cycle (Pryce et al., 2001) and can be recorded earlier than most interval traits.
Therefore, it is regarded as one of the most important practical measures of reproductive performance.
However, it is also influenced by the VWP, which depended on the farmer’s decision of when to start
the service period or estrous might be not observable for many reasons. It may vary between herds and
between cows within herds (DelJarnette et al., 2007). Therefore, it needs to be considered in fertility
evaluations.

Days between first and last service (DFLS) is an indicator of the time elapsed from the first
service to the successful one. It can be derived from the interval from calving to first service, calving
interval and an assumed gestation length of 280 days. It reflects the ability of the cow to come into
estrus after calving and the ability to conceive following insemination (conception rate). Furthermore, it
is influenced by management decisions. The management bias on DFLS can be accounted for if
information on culled cows could somehow be included in the analysis. High producing cows tend to
have more opportunities for re-insemination in the case of improper management causes the failure of

conception.

Days open (DO) also called days from calving to conception, is the days from calving to the
successful service (or the last service if calving record is not available), which is a composite trait
affected by factors affecting the cow’s ability to return to cycling after calving. The DO shows a

detectable estrus and the cow’s ability to become pregnant. It can be the same measure with DTFS or
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VWP in the cows that conceive at first Al service (Gonzélez-Recio and Alenda, 2005). Additionally, the
DO is very high correlated to the CI (CI minus gestation length) and can be obtained earlier than CI.
Furthermore, DO is easy to measure from dairy recording data at the farm level and it was a widely used
trait for female fertility genetic evaluation in many countries (Dematawewa and Berger, 1998;
VanRaden et al., 2004). In some countries such as USA (VanRaden et al., 2004) currently calculate
daughter pregnancy rate as 21 / (days open - voluntary waiting period + 11). However, DO is strongly
affected by environmental factors rather than genetic factors. The environmental factors affecting DO
are managerial decisions (voluntary waiting period), health, nutrition, welfare and many others
management practices (semen quality, the technical ability of the inseminator and the success of estrous
detection). For example, a longer VWP before insemination may be preferred to apply for high-yielding

cows (Dekkers et al., 1998).

Calving interval (CI), the period of time or the number of days between two consecutive calving
is one of the most common traits used as an indicator of female fertility. It covers both the ability to
return to cycling after calving and the ability to conceive the following insemination, which is most
directly affected by three reproductive outcomes: estrus detection, days to first service, and VWP), with
estrus detection be considering the most important (Heuwieser et al., 1997; Nebel and Jobst, 1998). As
calving interval increases, days in milk increases and lifetime milk yield decreases (Nebel and Jobst,
1998). Mayne et al. (2002) reported that herds with high estrous detection rates had significantly shorter
calving intervals and significantly lower 305-day protein yields, less body condition loss after calving,
and significantly smaller negative energy balances. They concluded that calving interval shorter than
380 days is achievable by minimizing negative energy balance in early lactation, good estrous detection,
and early insemination of cows after calving. An extended calving interval is generally believed to
reduce profit because efficiency of milk production is reduced, fewer calves are born and the rate of

genetic gain in the herd is impaired (Weller and Follman, 1990; Westwood et al., 2002). Arbel et al.
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(2001) suggested that different results available in the literature on this subject were due to the different
criteria and time periods used, yield levels and the seasonality of production patterns. Milk production
level and lactation persistency were crucial factors in determining the appropriate calving interval.

Cl as a measure of female fertility presents some disadvantage because CI requires that the cow
has calved more than once, which implicitly leads to a time delay and to a selected data material, as
discussed by Pryce et al. (2000). Therefore, it is restricted only to multiparous cows. Cows which do not
survive to the next lactation have not a record for calving interval and will be automatically excluded,
likely due to fertility problems (Bascom and Young, 1998). Consequently overestimating of fertility
occurred. Evaluations based on this trait alone could be biased as a result of culling of lowly fertile
cows. To deal with the culling problem, Roxstrém and Strandberg (2002) and Olori et al. (2002) both
recommended that calving interval should be treated as a censored trait and analyzed jointly with
survival scores to consider the non-random scoring of calving interval. Calving interval is also available

later than many other measures of fertility, so is not as useful for selection decisions.

Success traits

Success traits are related to the cow’s ability to become pregnant that described by proportions of
cows pregnant by specified time periods after their calving date. They could be measured on a
population or individual basis depending on definition. For a population, success traits are expressed as
a ratio from a group of animals and are not suitable for individual genetic selection. Alternatively,
success traits measured individually are discontinuous character, binary or category (threshold traits),
which require more sophisticated models for analysis and does not follow the patterns of Mendelian
inheritance, especially for censored data. Compared to interval traits, such traits are usually measured
early during the lactation which will reduce the impact of environmental and management effects and
allow for early genetic evaluation (Thaller, 1997). The traits that the most widely used and employ in

the literature are number of services per conception (NSPC), conception at first service (FSC),
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conception rate (CR), non-return rate (NRx) after a fixed number of days (e.g. 60, 70 or 90 days), and

the outcome of insemination (success or failure).

Number of services per conception (NSPC) is the only count or ordinal trait used as a
measurement of fertility. It defined as the number of Al services to achieve conceive within each
lactation. The NSPC can be considered as a good assessor of fertility, although it does not provide any
information about the time elapsed. If inseminations are conducted at regular intervals, it reflects the
cow’s ability to become pregnant at insemination or a measure of pregnancy rate directly (Gonzélez-
Recio et al., 2004) However, it is seldom the case that inseminations are carried out at regular intervals.
Furthermore, censoring is a major problem when analyzing NSPC as too many cows have incomplete
records. Additionally, NSPC is not a continuous trait and its analysis requires special methodology
(poison models) and software. The NSPC depends largely on the breeding system used. It is higher
under uncontrolled natural breeding and lower where artificial insemination is used. A high NSPC
results in prolonged DO and ClI, and increased feeding, insemination, and culling costs, decreased the
number of calves produced, as well as a delay of onset of subsequent lactation. Therefore, it is
considered an economic important trait and a potential selection criterion in fertility. The NSPC was

significantly affected by herd, season, placenta expulsion time, lactation length and milk yield.

Conception at first service (FSC) is a binary trait defined as the probability that a female will
conceive from the first Al service in each lactation. It is a successful trait with a binomial distribution
and also a simple clustering of NSPC in 2 classes, as FSC takes value ‘1’ for NSPC equal to 1, and
value ‘0’ for NSPC greater than 1. A female that conceives at the first insemination incurs a lower cost
of insemination, lower labor for estrus detection and breeding, and an earlier calving date. Heifers that
conceive first Al have higher pregnancy rates in subsequent breeding lactation (Bormann et al., 2006).

This trait would only be used on farms with Al service.
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Non-return rate at x day after first service (NRXx) is the outcome of an insemination validated by
the occurrence of a second breeding within a given number of days x days that the cow does not return
in heat or is not bred again, and expresses the ability of conception and maintaining pregnancy over the
period of early gestation (Miglior, 1999). This trait can be evaluated for both heifers and cows. The
number of days considered (X) is generally comprised between 56 (Andersen-Ranberg et al., 2003) and
90 (Fuerst and Egger-Danner, 2002; Gredler et al., 2007). Nonreturn rate at 56 days is also the most
widely used trait by Interbull for genetic evaluation of female fertility (Biffani and Canavesi, 2007;
Jorjani, 2007). Anyway, considering an x number of days in defining the insemination successful may
lead to rely on some false positive records. In the elapsed time after each insemination the VWP plays
an important role (Andersen-Ranberg et al., 2005; Sun and Su, 2010), and silent heat, early embryonic
death, infertile and non-re-cycling cow. Therefore the use of a higher number of days to be elapsed has
been motivated (Rensing et al., 2006), but a more reliable proof of outcome of a given insemination is
provided if the x number of elapsed days coincides with pregnancy length. Non-return rate has mostly
been used as a measure of female fertility, and it depends on complete recording of all subsequent

inseminations. Furthermore, a calving date is not required.

Conception rate (CR) is a measure of a cow’s fertility at service. During early years, CR was a
fertility measure expressed as a ratio of successful conception to potential breeding; it was not evaluated
genetically or used for genetic improvement (Gwazdauskas et al., 1983). Another measure of CR is the
inverse of NSPC. For CR, inseminations are validated as successful according to the estimated
pregnancy length (Pasman et al., 2006). This allows to avoid the high number of false positives NRx
provides, but the necessity of a subsequent calving to validate the insemination leads to a delayed
phenotype collection and evaluation. Conception rates are confounded by such factors as the

physiologic fertility of the cow, semen quality, and semen handling and insemination techniques.
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However, there are alternative CR, which is of individual cows, the most representative definition is the
binary outcome (success or failure) for each insemination record and can be considered the previous

confound factors in Al day.

4. Genetic evaluation of fertility traits

Female fertility is one of the most economically important traits for the dairy cattle industry.
Estimates of genetic parameters for traits of economic importance in dairy cattle are necessary for
implementing efficient breeding programs. Accurate heritability and correlation estimates are required
to predict expected selection response and to obtain predicted breeding values using the most efficient
statistical models. The potential for genetic improvement of a trait largely depends also upon genetic
variation existing in the population of interest. Heritability estimate is the assessment of the magnitude
of genetic variation for a particular trait in a herd or population under given environmental conditions,
whereas the genetic correlations give the information how genes affecting one trait also affect the other
traits. If genetic correlation between the two traits is high, the selection for one trait would result in an
improvement/deterioration for the other trait as a correlated response.

Compared to many other traits, in tropical area, the study of national genetic evaluations for
female fertility traits is very rare. Also, international genetic evaluation of female fertility has started as
late as February 2007. Many fertility traits are difficult to handle in parameter estimation and genetic
evaluation. Different from production traits, which usually follow a normal Gaussian distribution, the
fertility traits cannot be valid considered the same assumptions since the traits are described differently.
Interval traits, such as AFS, AFC, DTFS, DFLS, DO, and CI are as the most of time-related measures,
generally follow skewed and asymmetric distributions, and success traits such as NSPC, FSC, CR and
NR(x) are categorical variables, either dichotomous or ordinal. Different treatments of the variables

have been proposed, such as log-transformation of skewed distributions (Pollott and Coffey, 2008) or
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threshold models (Gianola, 1982), although the interpretation of results might be not intuitive when
these methods are proposed.

Since threshold-liability models have been postulated and developed (Gianola and Foulley, 1983;
Harville and Mee, 1984; Gilmour et al., 1985), this methodology has been widely applied to the analysis
of non-linear traits, such as calving difficulty and clinical mastitis, besides fertility traits. In calving
ease, threshold models have been shown to give higher heritability estimates, rank correlation among
the sires close to unity (Guerra et al., 2006), and little advantages in predictions (Varona et al., 1999). In
clinical mastitis, Vallimont et al. (2009) and Heringstad et al. (2003) found that threshold models give
again higher heritability estimates and similar sire ranks to linear models, and Vazquez et al. (2012)
reported that predictions between threshold and linear models are comparable. In fertility, no particular
improvement has been found in using threshold compared to linear models (Weller and Ron, 1992;
Matos et al., 1997b). However, the recent theoretical and computational developments in the analysis of
discrete and binary data have made the use of binary traits for reproductive performance evaluation
possible. Although these traits were analyzed for a period of time as continuous responses using existing
mixed linear methodology, in clear violation of their distributional assumptions, the threshold liability
model is becoming the standard tool for discrete data analysis, especially after the study reported by
Sorensen et al. (1995).

More sophisticated models (e.g., proportional hazards model, censored Gaussian model, censored
threshold model, and threshold-linear model) have been proposed for genetic evaluation of fertility
traits, with the concern on censoring and data distribution (Schneider et al., 2005; Gonzalez-Recio et al.,
2006b; Urioste et al., 2007; Hou et al.,, 2009). The more sophisticated models require more
computational resources and are more complicated to implement. A linear sire model (SM) is used for
genetic evaluation of fertility traits in most countries. The SM is theoretically inferior to the animal
model (AM) in the estimation of variances and other genetic parameters (Everett et al., 1979; Schaeffer,

1983; Hudson and Schaeffer, 1984).
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Similarly, in the last decades AM have mostly substituted SM, but their application for non-linear
variables is not trivial (Tempelman, 1998), due to long computational times and drawbacks in
convergence (Jdegard et al., 2010). The superiority and popularity of AM have not been widely
supported by strong evidences of improvement in prediction of fertility of dairy cows. Sun et al. (2009b)
found that the AM increased stability and accuracy of genetic evaluation for fertility in dairy cattle,
whereas Ramirez-Valverde et al. (2001) did not find any significant improvement in prediction.
Moreover, scarce data availability and quality may affect the goodness of assessment. For example, the
missing of culling reason or pregnancy check records could bias the measure of DO for a given cow.
Survival analysis has been proposed to be suitable for female fertility evaluation (Weigel, 2004;
Gonzalez-Recio et al., 2006; Hou et al., 2009). Commonly involved measurement such as parturition,
first service and conception are the time elapsed between two reproductive events.

An overview of heritability of fertility traits and genetic correlation between fertility traits and
milk yield from across parities data by different authors are summarized in Table 2-7 and 2-8. The
reports on heifer fertility and genetic correlation between fertility traits and first lactation yield is
reported in Table 2-9 whereas the reports of primiparous showed in Table 2-10 (interval fertility traits)
and Table 2-11 (success fertility traits) and that of multiparous are showed in Table 2-12 (interval and

success fertility traits).

Heritability of fertility traits

The first step of an investigation at the genetic level is the assessment of the magnitude of genetic
variation between individuals. The results from different breeds in different countries were not differ
significantly. Results differed mostly according to the model and methodology used. Generally,
heritability estimates of fertility traits are low (<0.15) except AFS and AFC, which were low to
moderate (0.04-0.38). Traits measured as intervals in time (AFS, AFC, DTFS and DO in particular)

have larger heritability estimates than traits of binary or categorical nature. The heritability estimated of
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fertility traits of cow are higher than that of corresponding heifer (Jamrozik et al., 2005; Tiezzi et al.,
2012; De Haer et al., 2013). Linear models (applied to categorical variables) gave lower heritability
estimates than threshold models, and animal models gave higher heritability than sire models. The range
of estimates were 0.10-0.23 (AFS), 0.04-0.38 (AFC), 0.02-0.12 (DTFS), 0.01-0.07 (DFLS), 0.02-0.10
(DO), 0.01-0.11 (CI), 0.01-0.09 (NSPC), 0.00-0.12 (FSC), 0.03-0.15 (CR), and 0.01-0.12 (NRx). The
heritability estimates of reproductive traits in dairy cattle are low because of a large unexplainable
portion of residual variation (Veerkamp and Beerda, 2007) and the considerable influence of
management on many of these measures (De Vries and Veerkamp, 2000). In spite of low heritability
estimates, the phenotypic and genotypic variation for most fertility traits is relatively large and provides

a favorable opportunity for selection.

The genetic relationship with production traits

Most of the estimates show an antagonistic relationship between fertility and production traits, as
already stated above. Magnitude of relationship ranges from null to medium-high values. There are
some reports that the estimates show a favorable relationship or close to zero such as for AFS (Abe et
al., 2009; De Haer et al., 2013); AFC (Montaldo et al., 2010); DFLS (Tiezzi et al., 2012; DO (Lee et al.,
2003), CI (Ojango and Pollotte, 2001; Montaldo et al., 2010), NRx (Andersen-Ranberg et al., 2003;
Muir et al., 2004; Sun et al., 2010) and FSC (Berry et al., 2013). Heifer fertility is the less correlated to
milk yield than cow fertility (Tiezzi et al., 2012). Interval fertility traits are much more related to milk

yield than success fertility traits.

The genetic relationship with negative energy balance traits
TD-FPR and fat percentage were TD -FPR and fat percentage were good predictors of fertility; a
strong decrease in fat percentage or high TD-FPR had a negative effect on energy balance during early

lactation, leading to decreasing fertility performance. The estimates of genetic correlations between
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fertility traits and TD-FPR in the literature are very limited. The estimates are reported by Gredler et al.
(2006a) in Table 7 and reported by Negussie et al. (2013) in Table 10 and Table 11. Negussie et al.
(2013) have found relatively low genetic correlations between TD-FPR and most of fertility traits.

However, stronger genetic associations were determined between TD-FPR and DTFS (-0.01-0.28) and

DO (0.03-0.24).
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Table 2-7. Means, heritabilities, and genetic correlations with milk yield (F/P ratio) for interval fertility

traits measured on across parities

3
Author(s) and Year ?égﬁ?:try) No. records  Model? Mean h? I\SIQY Remark
(F/P ratio)
Days from calving to first service (DTFS)
Kadarmideen et al., 2000 HOL (UK) 63,891 LAM-REML 84.00 0.03 0.36
Weigel and Rekaya, 2000 HOL (US-CA) 30,000 LAM-REML 70.50 0.06
Weigel and Rekaya, 2000 HOL(US-MN) 20,000 LAM-REML 91.50 0.06
Pryce et al., 2001 HOL (UK) 1,211 LAM-REML 77.40 0.06 0.49
Berry et al., 2003 HOL (IL) 12,262 LAM-REML 72.80 0.02 -0.08
Kadarmideen et al., 2003 HOL (UK) 62,443 LAM-REML 73.00 0.03 0.28
Kadarmideen, 2004 HOL (CH) 38,930 LAM-REML 79.00 0.12 0.27
Van Raden et al., 2004 HOL (US) 2,195,643 LAM-REML 90.00 0.07
Biffani et al., 2005b HOL (IT) 65,110 LAM-REML 85.70 0.06
Biffani et al., 2005a HOL (IT) 2,800,000 LAM-REML 88.00 0.06 0.33
Gonzélez-Recio and Alenda, 2005 HOL (ES) 120,713 LAM-GS 81.00 0.05
Jamrozik et al., 2005 HOL (CA) 35,474 LAM-GS 87.10 0.10
Gonzélez-Recio et al., 2006a HOL (ES) 71,217 LSM-GS 84.00 0.05 0.47
Jagusiak and Zarnecki, 2006 HOL (PL) 25,013 LAM-REML 79.30 0.06
L6pez de Maturana et al., 2007 HOL (ES) 33,532 rLSM-GS 83.52 0.09
Konig et al., 2008 HOL (DE) 73,344 LSM-GS 93.85 0.07 0.14
M’ Hamdi et al., 2010 HOL (TN) 65,549 LAM-REML 93.20 0.03
Tiezzi et al., 2011 BSW (IT) 71,556 cLSM-GS 88.20 0.05
Ghiasi et al., 2011 HOL (IR) 72,124 LSM-REML 72.93 0.06
Toghiani, 2012 HOL (IR) 7,949 LSM-REML 97.00 0.04 0.02
Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 82.51 0.04 0.49
Guo et al., 2014 HOL (CN) 42,106 LAM-REML 83.30 0.03
Days between first and last service (DFLS)
Kadarmideen et al., 2003 HOL (UK) 62,443 LAM-REML 34.00 0.01 0.38
Gonzélez-Recio and Alenda, 2005 HOL (ES) 113,373 TAM-GS 36.00 0.03
Jamrozik et al., 2005 HOL (CA) 16,124 LAM-GS 32.50 0.07
Tiezzi et al., 2011 BSW (IT) 71,556 cLSM-GS 36.00 0.03
Ghiasi et al., 2011 HOL (IR) 72,124 LSM-REML 44.76 0.04
Days open (DO)
Abdallah and McDaniel, 2000 HOL (US) 23,052 LAM-REML 143.00 0.03 0.62
Kadarmideen et al., 2003 HOL (UK) 62,443 LAM-REML 103.00 0.02 0.27
Dechow et al., 2004 HOL (US) 157,700 LSM-REML 0.04 0.38
Van Raden et al., 2004 HOL (US) 2,195,643 LAM-REML 141.00 0.04
Atagi and Hagiya, 2005 HOL (JP) 483,756 LAM-REML 121.70 0.05
Gonzélez-Recio and Alenda, 2005 HOL (ES) 113,375 LAM-GS 117.00 0.04
Gonzélez-Recio et al., 2006a HOL (ES) 71,217 LSM-GS 131.00 0.05 0.63
Gredler et al., 2006a SIM (AT-DE) 3,611 LAM-REML 106.60 0.06 0.74
(-0.01)
Jagusiak and Zarnecki, 2006 HOL (PL) 25,013 LAM-REML 132.10 0.05
Lépez de Maturana et al., 2007 HOL (ES) 33,532 rLSM-GS 128.64 0.06
Gutierrez et al., 2008 HOL (US) 1,852 rLAM-GS 148.00 0.08
Gutierrez et al., 2008 HOL (US) 1,852 IrLAM-GS 148.00 0.07-0.10
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Table 2-7 (Continued). Means, heritabilities, and genetic correlations with milk yield (F/P ratio) for

interval fertility traits measured on across parities

3

Author(s) and Year ?égﬁ?:try) No. records  Model? Mean h? I\SIQY Remark
(F/P ratio)

Estrada-Ledn et al., 2008 BSW (MX) 1,235 LAM-REML 172.80 0.05
Banos and Coffey, 2010 HOL (UK) 1,926 LAM-REML 113.50 0.07 0.68
M’ Hamdi et al., 2010 HOL (TN) 65,549 LAM-REML 150.00 0.04
Tiezzi et al., 2011 BSW (IT) 71,556 cLSM-GS 124.00 0.06
Ghiasi et al., 2011 HOL (IR) 72,124 LSM-REML 117.67 0.08
Toghiani, 2012 HOL (IR) 15,895 LSM-REML 124.00 0.06 0.36
Guo et al., 2014 HOL (CN) 42,106 LAM-REML 118.50 0.05
Zanbrano and Echeverri, 2014 HOL (CB) 10,156 LAM-REML 127.15 0.08
Zanbrano and Echeverri, 2014 JER (CB) 715 LAM-REML 125.62 0.09
Calving interval (Cl)
Kadarmideen et al., 2000 HOL (UK) 63,891 LAM-REML 391.00 0.02 0.54
Pryce et al., 2001 HOL (UK) 1,211 LAM-REML 396.00 0.01 0.74
Kadarmideen et al., 2003 HOL (UK) 62,443 LAM-REML 383.00 0.03 0.40
Biffani et al., 2005b HOL (IT) 40,103 LAM-REML 413.50 0.07
Biffani et al., 2005a HOL (IT) 2,800,000 LAM-REML 418.00 0.07 0.37
Gonzélez-Recio and Alenda, 2005 HOL (ES) 96,346 LAM-GS 400.00 0.04
Jagusiak and Zarnecki, 2006 HOL (PL) 25,013 LAM-REML 409.80 0.04
Estrada-Ledn et al., 2008 BSW (MX) 1,391 LAM-REML 453.90 0.11
M’ Hamdi et al., 2010 HOL (TUN) 28,777 LAM-REML 445.00 0.06
Ghiasi et al., 2011 HOL (IR) 72,124 LSM-REML 393.85 0.07
Toghiani, 2012 HOL (IR) 11,674 LSM-REML 395.00 0.07 0.59
Albarran-Portillo and Pollott, 2013 HOL (UK) 176,757 LAM-REML 399.00 0.03 0.62, 0.51*
Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 402.35 0.04 0.48
Guo et al., 2014 HOL (CN) 41,311 LAM-REML 397.60 0.06
Zanbrano and Echeverri, 2014 HOL (CB) 10,303 LAM-REML 410.30 0.09
Zanbrano and Echeverri, 2014 JER (CB) 723 LAM-REML 409.30 0.07

Breed: BSW= Brown Swiss; HOL= Holstein; JER= Jersey; SIM= Simmental

’Model: LAM = linear animal model; rLAM= repeatability linear animal model; LSM = linear sire model; cLSM = censor linear sire
model; rLSM = recursive linear sire model; rrLAM = random regression linear animal model; TAM = threshold animal model; REML =
restricted maximum likelihood algorithm; GS = Gibbs sampler algorithm

3ry: * = daily milk yield
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Table 2-8. Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for success

fertility traits measured on across parities

Author(s) and Year ?égﬁ?:try) No. records  Model? Mean® h? (F/llgzztio Remark
Number of services per conception (NSPC)

Kadarmideen et al., 2000 HOL (UK) 63,891 LAM-REML 1.56 0.01 041

Berry et al., 2003 HOL (IL) 12,262 LAM-REML 1.80 0.02 0.46

Kadarmideen et al., 2003 HOL (UK) 62,443 LAM-REML 1.94 0.02 0.25

Van Raden et al., 2004 HOL (US) 2,195,643 LAM-REML 2.10 0.02

Biffani et al., 2005b HOL (IT) 64,932 LAM-REML 1.70 0.03

Gonzalez-Recio and Alenda, 2005 HOL (ES) 113,375 TAM-GS 1.87 0.02

Jamrozik et al., 2005 HOL (CA) 37,409 LAM-GS 2.14 0.07

Gonzalez-Recio et al., 2006a HOL (ES) 71,217 TSM-GS 1.90 0.04 0.23

L6pez de Maturana et al., 2007 HOL (ES) 33,532 rTSM-GS 1.89 0.04

Estrada-Ledn et al., 2008 BSW (MX) 1,174 LAM-REML 241 0.04

Banos and Coffey, 2010 HOL (UK) 1,926 LAM-REML 2.00 0.05 0.65

M’ Hamdi et al., 2010 HOL (TN) 65,549 LAM-REML 2.55 0.03

Ghiasi et al., 2011 HOL (IR) 72,124 TSM-GS 2.13 0.05

Tiezzi et al., 2011 BSW (IT) 71,556 CcTSM-GS 1.74 0.06 0.34

Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 2.04 0.02 0.33

Guo et al., 2014 HOL (CN) 42,106 LAM-REML 1.80 0.04

Zanbrano and Echeverri, 2014 HOL (CB) 12,883 LAM-REML 1.58 0.04

Zanbrano and Echeverri, 2014 JER (CB) 879 LAM-REML 1.48 0.09

Conception at first service (FSC)

Kadarmideen et al., 2000 HOL (UK) 63,891 LAM-REML 0.64 0.01 -0.42

Kadarmideen et al., 2000 HOL (UK) 63,891 TSM-REML 0.64 0.01

Pryce et al., 2001 HOL (UK) 1,211 LAM-REML 0.46 0.00

Berry et al., 2003 HOL (IL) 12,262 LAM-REML 0.49 0.01 -0.29

Kadarmideen et al., 2003 HOL (UK) 62,443 LAM-REML 0.47 0.02 -0.16

L6pez de Maturana et al., 2007 HOL (ES) 33,532 rTSM-GS 0.51 0.12

Tiezzi et al., 2011 BSW (IT) 71,556 cTSM-GS 0.45 0.06

Ghiasi et al., 2011 HOL (IR) 72,124 TSM-GS 0.42 0.03

Conception rate (CR)

Zanbrano and Echeverri, 2014 HOL (CB) 12,883 LAM-REML 0.80* 0.03

Zanbrano and Echeverri, 2014 JER (CB) 879 LAM-REML 0.84* 0.15

Non-return rate at x days (x=56-60-70-90) (NRx)

Weigel and Rekaya, 2000 HOL (US-CA) ~30,000 LAM-REML 0.35 0.01 x=60
Weigel and Rekaya, 2000 HOL (US-CA) ~30,000 TAM-REML 0.35 0.02 x=60
Weigel and Rekaya, 2000 HOL (US-MI) ~20,000 LAM-REML 0.57 0.04 x=60
Weigel and Rekaya, 2000 HOL (US-MI) ~20,000 TAM-REML 0.57 0.03 x=60
Cassel et al., 2003 HOL (US) 73,017 LAM-REML 0.52 0.01 x=70
Cassel et al., 2003 JER (US) 75,357 LAM-REML 0.56 0.02 x=70
Kadarmideen, 2004 HOL (CH) 38,930 LAM-REML 0.65 0.06 -0.24 x=56
Muir et al., 2004 HOL (CA) 33,312 LAM-GS 0.64 0.04 x=56
Van Raden et al., 2004 HOL (US) 2,195,643 LAM-REML 0.55 0.01 x=70
Gonzélez-Recio and Alenda, 2005 HOL (ES) 69,833 TAM-GS 0.72 0.05 x=56
Biffani et al., 2005b HOL (IT) 62,738 LAM-REML 0.63 0.03 x=56
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Table 2-8 (Continued). Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for
success fertility traits measured on across parities

Author(s) and Year ?égﬁ?:try) No. records  Model? Mean® h? (F/llgzztio Remark
Biffani et al., 2005a HOL (IT) ~2,800,000 LAM-REML 0.65 0.03 -0.21 x=56
Jamrozik et al., 2005 HOL (CA) 41,092 LAM-GS 0.57 0.04 x=56
Jagusiak and Zarnecki, 2006 HOL (PL) 42,283 LAM-REML 0.73 0.12 x=56
Konig et al., 2008 HOL (DE) 73,344 TSM-GS 0.67 0.03 -0.31 x=56
Konig et al., 2008 HOL (DE) 73,344 TSM-GS 0.60 0.03 -0.33 x=90
Tiezzi et al., 2011 BSW (IT) 71,556 CcTSM-GS 0.71 0.04 x=56
Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 0.58 0.01 -0.16 x=56

'Breed: BSW= Brown Swiss; HOL= Holstein; JER= Jersey
?Model: LAM = linear animal model; LSM = linear sire model; TAM = threshold animal model; TSM = threshold sire model; cTSM =
censor threshold sire model; rTSM= repeatability threshold sire model; REML = restricted maximum likelihood algorithm; GS = Gibbs

sampler algorithm
3Mean:* = [CR = (1/NSPC)*100]
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Table 2-9. Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for interval and
success fertility traits measured on heifers

7

Author(s) and Year ?égﬁ?:try) No. records  Model? Mean® h? I\:IQY _ Remark
(F/P ratio)

Age at first service (AFS)

Muir et al., 2004 HOL (CA) 33,312 LAM-GS 504.06 0.19

Jamrozik et al., 2005 HOL (CA) 53,158 LAM-GS 499.70 0.13

Jagusiak and Zarnecki, 2006 HOL (PL) 42,283 LAM-REML 537.60 0.12

Jagusiak, 2006 HOL (PL) 42,283 LAM-REML 537.60 NA 0.05

Abe et al., 2009 HOL (JP) 308,238 TAM-GS 518.60 0.13 -0.19

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 482.40 0.11

De Haer et al., 2013 HOL (NL) 311,408 LMGSM-REML 488.90 0.23 -0.27

Guo et al., 2014 HOL (CN) 42,106 LAM-REML 519.80 0.10

Age at first calving (AFC)

Ojango and Pollott, 2001 HOL (KE) 3,185 LAM-REML 930.00 0.38 0.54

Kénig et al., 2005 HOL (TH) 1,623 LAM-REML 858.00 NA

Abe et al., 2008 HOL (JP) 965,107 LAM-REML 816.00 0.22

Estrada-Ledn, et al., 2008 BSW (MX) 358 LAM-REML 937.60 0.28

Jagusiak and Zarnecki, 2006 HOL (PL) 42,283 LAM-REML 835.80 0.30

Montaldo et al., 2010 HOL (MX) 13,201 LAM-REML 798.00 0.28 -0.01***

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 777.49 0.04

Panteli¢ et al., 2011 SIM (SP) 3,461 LAM-REML 778.73 0.09 0.003

Berry et al., 2013 HOL (IL) 60,330 LAM-REML 797.00 0.07 0.14

Days between first and last service (DFLS)

Jamrozik et al., 2005 HOL (CA) 29,907 LAM-GS 16.30 0.03

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 17.66 0.03

Tiezzi et al., 2012 BSW (IT) 37,546 cLSM-GS 35.60 0.02 -0.08

De Haer et al., 2013 HOL (NL) 311,408 LMGSM-REML 33.00 0.02 0.03

Number of services per conception (NSPC)

Jamrozik et al., 2005 HOL (CA) 53,093 LAM-GS 1.64 0.03

Gredler et al., 2007 SIM (AT, DE) 22,865 LAM-REML 152 0.02

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 1.64 0.01

Tiezzi et al., 2012 BSW (IT) 37,546 cTSM-GS 1.56 0.03 -0.02

Conception at first service (FSC)

Ghiasi, et al., 2011 HOL (IR) 72,124 TAM-GS 0.42 0.03

Tiezzi et al., 2012 BSW (IT) 37,546 cTSM-GS 0.65 0.02 -0.15

Conception rate (CR)

De Haer et al., 2013 HOL (NL) 311,408 LMGSM-REML 0.77 0.01 -0.04

Non-return rate at x days (x=56-60-70-90) (NRx)

Andersen-Ranberg et al., 2003 NRF (NO) 1,632,961 LSM-REML 0.75 0.01-0.02 0.04 x=56

Muir et al., 2004 HOL (CA) 33,312 LAM-GS 0.78 0.03 0.12 Xx=56

Andersen-Ranberg et al., 2005 NRF (NO) 1,524,328 LSM-REML 0.74 0.00 X=56

De Jong, 2005 HOL (NO) 4,795,305 LAM-REML NA 0.02 X=56

Jamrozik et al., 2005 HOL (CA) 53,158 LAM-GS 0.74 0.03 x=56

Wall et al., 2005 HOL (UK) 27,900 LAM-REML 0.64 0.01 x=56

Jagusiak, 2006 HOL (PL) 42,283 LAM-REML 0.73 NA -0.12 x=56
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Table 2-9 (Continued). Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for
interval and success fertility traits measured on heifers

7
Author(s) and Year ?égﬁ?:try) No. records  Model? Mean® h? I\:IQY _ Remark
(F/P ratio)
Jagusiak, 2006 HOL (PL) 42,283 LAM-REML 0.69 NA 0.05 X=72
Holtsmark et al., 2008 NRF (NO) 649,156 TSM-GS 0.75 0.02 -0.07 X=56
Gredler et al., 2007 SIM (AT, DE) 22,865 LAM-REML 0.78 0.01 X=56
Liu et al., 2008 HOL (DE) 215,509 LAM-REML NA 0.01 -0.11 x=56
Sun, et al., 2010 HOL (DK) 471,742 LSM-REML 0.56 0.01 0.09 x=56
Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 0.69 0.00 x=56
Tiezzi et al., 2012 BSW (IT) 37,546 cTSM-GS 0.79 0.02 -0.19 X=56
De Haer et al., 2013 HOL (NL) 311,408 LMGSM-REML 0.74 0.01 -0.08 X=56
Negussie, et al., 2013 NRF (FI) 22,102 rrLAM-REML 0.55 0.02 X=56
Jagusiak et al., 2014 HOL (PL) 4,731-7,379 LAM-GS 0.63 0.12 x=56

'Breed: BSW= Brown Swiss; HOL= Holstein; JER= Jersey; NRF= Norwegian Red; SIM= Simmental
“Model: LAM = linear animal model; rrLAM = random regression linear animal model; LMGSM=sire-maternal grandsire model; LSM
= linear sire model; cLSM = censor linear sire model; TAM = threshold animal model; TSM = threshold sire model; cTSM = censor

threshold sire model; REML = restricted maximum likelihood algorithm; GS = Gibbs sampler algorithm

®Mean: NA = not available
* rg: *** = 305-d mature equivalent milk production
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Table 2-10. Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for interval

fertility traits measured on primiparous cows

P

Author(s) and Year ?égﬁ?:try) No. records Model? Mean® h? MY%_F/P
ratio)

Days from calving to first service (DTFS)

Veerkamp et al., 2001 HOL (NL) 177,220 LSM-REML 89.00 0.07 0.53

Haile-Mariam et al., 2003a HOL (AU) ~17,000 LSM-REML 77.00 0.13

Wall et al., 2003 HOL (UK) ~30,000 LSM-REML 81.61 0.04 0.49

Andersen-Ranberg et al., 2005 NRF (NO) >200,000 LSM-REML 81.00 0.02-0.03 047

De Jong, 2005 HOL (NOR) 4,031,330 LAM-REML NA 0.08

Wall et al., 2005 HOL (UK) 27,949 LAM-REML 86.90 0.05

Jagusiak, 2006 HOL (POL) 25,013 LAM-REML 79.30 NA 0.29

Gredler et al., 2007 SIM (AT, DE) 38,498 LAM-REML 70.90 0.06

Abe et al., 2008 HOL (JP) 832,877 LAM-REML 86.70 0.03 0.53

Estrada- Leon et al., 2008 BSW (MX) ~1,000 LAM-REML 87.80 0.04

Holtsmark et al., 2008 NRF (NO) 524,268 LSM-GS NA 0.03 0.48

Liu et al., 2008 HOL (DE) 282,183 LAM-REML NA 0.04 0.34

Heringstad et al., 2009 NRF (NO) 55,568 rLSM-GS 77.40 0.04

Hou et al., 2009 HOL (DK) 509,512 LSM-GS 81-198 0.10

Hou et al., 2009 HOL (DK) 509,512 TLSM-GS 81-198 011

Hou et al., 2009 HOL (DK) 509,512 rcLSM-GS 81-198 0.11

Hou et al., 2009 HOL (DK) 509,512 SURVw-REML 81-198 0.21

Hou et al., 2009 HOL (DK) 509,512 SURVc-REML 81-198 0.01

Sunetal.,, 2010 HOL (DK) 471,742 LAM-REML 81.30 0.09 0.427

Sewalem et al., 2010 HOL (CA) 15,000 LAM-REML NA 0.07 0.29**

Buch et al., 2011 SRB (SE) 473,620 LAM-REML 87.00 0.04

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 74.46 0.14

Tiezzi et al., 2012 BSW (IT) 24,098 cLSM-GS 90.70 0.14 0.62

Zink et al., 2012 HOL (C2) 58686 LAM-REML 80.86 0.04 0.30

Berry et al., 2013 HOL (IL) 73695 LAM-REML 82.00 0.07 0.29

De Haer et al., 2013 HOL (NL) 291,053 LMGSM-REML 91.30 0.08

Haile-Mariam et al., 2013 HOL (AU) 200,635 LSM-REML 86.00 0.01 0.23

Haile-Mariam et al., 2013 JER (AU) 266,795 LSM-REML 82.00 0.02 0.31

Negussie et al., 2013 NRF (FI) 22,422 rrLAM-REML 84.10 0.04 (-0.01-0.28)

Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 83.81 0.05 0.39

Zavadilova and Zink, 2013 HOL (CZ) 75,541-103,499 LAM-REML 80.29-83.43 0.04 0.52

Jagusiak, et al., 2014 HOL (PL) 4,731-7,379 LAM-GS 93.80 0.15

Sun et al., 2010 HOL (DK) 471,742 LAM-REML 51.10 0.04 0.42

Sewalem et al., 2010 HOL (CA) 15,000 LAM-REML 0.05 0.12**

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 50.62 0.00

Mucha and Strandberg, 2011 HOL (SE) 64,041 LSM-REML 38.14 0.03

Zink et al., 2011 HOL (C2) 52,632 LAM-REML 34.30 0.03

Tiezzi et al., 2012 BSW (IT) 24,098 cLSM-GS 38.30 0.04 0.49

Zink et al., 2012 HOL (C2) 52,632 LAM-REML 34.20 0.01 0.26

De Haer et al., 2013 HOL (NL) 291,005 LMGSM-REML 50.80 0.03

Zavadilova and Zink, 2013 HOL (C2) 75,541-103,499 LAM-REML 43.95-50.13 0.03 0.60
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Table 2-10 Continued). Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for
interval fertility traits measured on primiparous cows

P

Author(s) and Year ?égﬁ?:try) No. records Model? Mean® h? MY%_F/P
ratio)

Days open (DO)

Veerkamp et al., 2001 HOL (NL) 177,220 LSM-REML 127.00 0.07 0.61

Lee et al., 2003 HOL (KR) 11,472 LAM-REML 113.40 0.02 -0.28

Oseni et al., 2004 HOL (US) 318,078 LAM-REML 108-183 0.03-0.06 0.12-0.60

Konig et al., 2005 HOL (TH) 1,623 LAM-REML 129.50 0.03

Chang et al., 2006 NRF (NO) 1,454,916 cLSM-GS 68-200 0.04

Jagusiak, 2006 HOL (PL) 25,013 LAM-REML 132.10 NA 0.35

Gredler et al., 2007 SIM (AT-DE) 38,498 LAM-REML 105.60 0.04

Abe et al., 2008 HOL (JP) 763,194 LAM-REML 1295 0.04 0.54

Estrada- Leon et al., 2008 BSW (MX) ~1,000 LAM-REML 172.80 0.05

Liu et al., 2008 HOL (DE) 282,183 LAM-REML NA 0.03 0.41

Abe et al., 2009 HOL (JP) 400,016 TAM-GS 124.60 0.09 0.43

Hou et al., 2009 HOL (DK) 475,926 LSM- GS 120-208 0.07

Hou et al., 2009 HOL (DK) 475,926 TLSM-GS 120-208 0.07

Hou et al., 2009 HOL (DK) 475,926 rcLSM-GS 120-208 0.07

Hou et al., 2009 HOL (DK) 475,926 SURVw-REML 120-208 0.12

Hou et al., 2009 HOL (DK) 475,926 SURVc-REML 120-208 0.01

Sun et al., 2010 HOL (DK) 471,742 LAM-REML 133.30 0.07 0.50

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 125.20 0.07

Pantelic et al., 2011 SIM (SP) 3,461 LAM-REML 110.79 0.11 0.09

Tiezzi et al., 2012 BSW (IT) 24,098 cLSM-GS 129.00 0.09 0.51

Zink et al., 2012 HOL (C2) 53,026 LAM-REML 113.93 0.03 0.39

Bastin et al., 2012 HOL (BE) 29,792 rIrfLAM-GS 147.00 0.05 0.51""

0.45-0.54""*

Negussie et al., 2013 NRF (FI) 22,422 rrLAM-REML 124.70 0.03 (0.03-0.24)

Zavadilova and Zink, 2013 HOL (C2) 75,541-103,499 LAM-REML 127.40-130.40 0.05 0.65

Jagusiak et al., 2014 HOL (PL) 4,731-7,379 LAM-GS 131.80 0.14

Calving interval (CI)

Pryce et al., 2000 HOL (UK) 19,042 LAM-REML 385.00 0.02

Ojango and Pollott, 2001 HOL (KE) 3,185 LAM-REML 406.00 0.06 -0.64

Veerkamp et al., 2001 HOL (NO) 56,577 LSM-REML 385.00 0.04

Haile-Mariam et al., 2003a HOL (AU) ~17,000 LSM-REML 372.00 0.04

Wall et al., 2003 HOL (UK) ~30,000 LSM-REML 387.64 0.03 0.27

Muir et al., 2004 HOL (CA) 33,312 LAM-GS 395.41 0.07 0.51

De Jong, 2005 HOL (NO) 4,031,330 LAM-REML NA 0.06

Konig et al. 2005 HOL (TH) 1,623 LAM-REML 462.60 0.02

Wall et al., 2005 HOL (UK) 21,901 LAM-REML 399.60 0.04

Jagusiak, 2006 HOL (PL) 25,013 LAM-REML 409.80 NA 0.35

Dal Zotto et al., 2007 BSW (IT) 32,359 LAM-REML 421.00 0.05 0.56

Makgahlela et al., 2007 HOL (SAF) 16,183 LAM-REML 396.00 0.03

Montaldo et al., 2010 HOL (MX) 6,524 LAM-REML 419.00 0.01 -0.45

Sunetal., 2010 HOL (DK) 471,742 LAM-REML 413.10 0.07 0.48

Eghbalsaied, 2011 HOL (IR) 14,707 LAM-REML 403.91 0.07
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Table 2-10 Continued). Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for
interval fertility traits measured on primiparous cows

P

Author(s) and Year ?égﬁ?:try) No. records Model? Mean® h? MY%_F/P
ratio)

Mucha and Strandberg, 2011 HOL (SE) 59,056 rrLSM-REML 416.09 0.04

Albarran-Portillo and Pollott, 2013 HOL (UK) 69,319 LAM-REML 399.00 0.03 0.38, 0.34*

Berry et al., 2013 HOL (IL) 112,289 LAM-REML 402.00 0.03 0.44

De Haer et al., 2013 HOL (NL) 287,085 LMGSM-REML 403.70 0.07

Haile-Mariam, et al., 2013 HOL (AU) 200,635 LSM-REML 405.00 0.03 0.31

Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 402.24 0.04 0.49

'Breed: BSW= Brown Swiss; HOL= Holstein; JER= Jersey; NRF= Norwegian Red; SIM= Simmental,; SRB= Swedish Red

>Model: LAM = linear animal model; rrLAM = random regression linear animal model; LMGSM =linear maternal grand sire model;
LSM = linear sire model; cLSM = censor linear sire model; rLSM = recursive linear sire model; rcLSM= right-censored linear gaussian
model; rrLSM = random regression linear sire model; TLAM = threshold-linear model; SURVc=cox proportion hazard model;
SURVw=weibull proportion hazard model; REML = restricted maximum likelihood algorithm; GS = Gibbs sampler algorithm

3Mean: NA = not available

*ry: ++ = lactation genetic correlations; +++ = daily genetic correlations; * = dairy yield change in early lactation; ** = test-day milk

yield closest to 90 DIM
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Table 2-11. Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for success

fertility traits measured on primiparous cows

1 rg’
Author(s) and Year ?égﬁ?]try) No. records Model? Mr:ea h? MY _ Remark
(F/P ratio)
Number of services per conception (NSPC)
Veerkamp et al., 2001 HOL (NL) 177,220 LSM-REML 2.00 0.03 0.48
Haile-Mariam et al., 2003a HOL (AU) ~17,000 LSM-REML 1.85 0.03
Wall et al., 2003 HOL (UK) ~30,000 LSM-REML 1.67 0.02 0.06
Konig et al., 2005 HOL (TH) 1,623 LAM-REML 2.81 0.01
Chang et al., 2006 NRF (NO) 1,454,916 CTSM-GS oL 0.04
Gredler et al., 2007 SIM (AT, DE) 38,498 LAM-REML 1.84 0.02
Estrada- Ledn et al., 2008 BSW (MX) ~1,000 LAM-REML 241 0.04
Sun et al., 2010 HOL (DK) 471,742 LAM-REML 2.24 0.03 0.29
Buch et al., 2011 SRB (SE) 473,620 LAM-REML 1.80 0.02
Tiezzi et al., 2012 BSW (IT) 29,582 cTSM-GS 1.75 0.05 0.47
Negussie et al., 2013 NRF (FI) 22,102 rrfLAM-REML 1.98 0.01 (-0.21-0.03)
Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 201 0.02 0.44
Berry et al., 2013 HOL (IL) 73,695 LAM-REML 1.68 0.03 0.38
Conception rate (CR)
Haile-Mariam et al., 2003a HOL (AU) ~17,000 LSM-REML 0.47 0.02
Auverill et al., 2004 HOL (US) 297,823 TAM-GS 0.43 0.03
Mitchell et al., 2005 HOL (US) ~6,000 LAM-REML 0.27 0.01
Auverill et al., 2006 HOL (US) 369,353 MrTAM-GS NA 0.03-0.11
Tsuruta et al., 2009 HOL (US) 265,093 MrTAM-GS 0.32 0.03-0.07
Sun et al., 2010 HOL (DK) 471,742 LAM-REML 0.42 0.02
Sunetal.,, 2010 HOL (DK) 471,742 Logit 0.42 0.05
Sun et al., 2010 HOL (DK) 471,742 Probit 0.42 0.02
De Haer et al., 2013 HOL (NL) 291,005 LMGSM-REML 0.68 0.03
Conception at first service (FSC)
Veerkamp et al., 2001 HOL (NL) 177,220 LSM-REML 0.27 0.02 -0.49
Abe, et al., 2009 HOL (JP) 400,016 TAM-GS 0.51 0.05 -0.35
Mucha and Strandberg, 2011 HOL (SE) 64,041 LSM-REML 0.43 0.02
Tiezzi et al., 2012 BSW (IT) 29,582 cTSM-GS 0.55 0.03 -0.55
Berry et al., 2013 HOL (IL) 48,279 LAM-REML 0.47 0.01
Non-return rate at x days (x=56-60-70-90) (NRx)
Veerkamp et al., 2001 HOL (NL) 177,220 LSM-REML 0.49 0.02 -0.41 x=56
Wall et al., 2003 HOL (UK) ~30,000 LSM-REML 0.65 0.02 -0.25 x=56
Muir et al., 2004 HOL (CA) 33,312 LAM-GS 0.64 0.04 0.02 x=56
Andersen-Ranberg et al., 2005 NRF (NO) ~200,000 TSM-GS 0.67 0.04 -0.18 x=56
Andersen-Ranberg et al., 2005 NRF (NO) ~200,000 LSM-REML 0.67 0.01 x=56
Heringstad et al., 2006 NRF (NO) 475,270 TSM-GS 0.68 0.02 x=56
Gredler et al., 2007 SIM (AT-DE) 38,498 LAM-REML 0.67 0.01 x=56
Holtsmark et al., 2008 NRF (NO) ~524,268 TSM-GS 0.67 0.02 -0.24 x=56
Liu et al., 2008 HOL (DE) 282,183 LAM-REML NA 0.02 -0.2 x=56
Heringstad et al., 2009 NRF (NO) 55,568 ITSM-GS 0.67 0.06 x=56
Sunetal., 2010 HOL (DK) 471,742 LAM-REML 0.56 0.01 0.09 x=56
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Table 2-11 (Continued). Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for
success fertility traits measured on primiparous cows

Breed! ) Mea ) ry
Author(s) and Year (Country) No. records Model n h MY _ Remark
(F/P ratio)
Sunetal.,, 2010 HOL (DK) 471,742 Logit 0.56 0.03 x=56
Sunetal.,, 2010 HOL (DK) 471,742 Probit 0.56 0.01 x=56
Sewalem et al., 2010 HOL (CA) 15,000 LAM-REML NA 0.02 -0.13** x=56
Tiezzi et al., 2012 BSW (IT) 29,582 cTSM-GS 0.71 0.02 -0.55 x=56
De Haer et al., 2013 HOL (NL) 291,053 LMGSM-REML 0.63 0.02 x=56
Negussie et al., 2013 NRF (FI) 22,102 rrLAM-REML 0.55 0.02 (0.01-0.12) x=56
Pritchard et al., 2013 HOL (UK) 124,793 LSM-REML 0.59 0.01 -0.28 x=56

'Breed: BSW= Brown Swiss; HOL= Holstein; NRF= Norwegian Red; SIM= Simmental; SRB= Swedish Red

>Model: LAM = linear animal model; rrLAM = random regression linear animal model; LMGSM =linear maternal grand sire model;
LSM = linear sire model; TAM = threshold animal model; rrTAM = random regression threshold animal model; cTSM = censor
threshold sire model; rTSM= repeatability threshold sire model; REML = restricted maximum likelihood algorithm; GS = Gibbs sampler

algorithm
3Mean: NA = not available
*ry:** = test-day milk yield closest to 90 DIM
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Table 2-12. Means, heritabilities, and genetic correlations with milk yield / (F/P ratio) for interval and
success fertility traits measured on multiparous cows

3

Author(s) and Year ?égicrj\i[ry) No. records  Model? Mean h? I\:IQY _ Remark

(F/P ratio)
Days from calving to first service (DTFS)
Abe et al., 2008 HOL (JP) 579,122 LAM-REML 86.4 0.03 Lac2
Abe et al., 2008 HOL (JP) 337,455 LAM-REML 87.1 0.03 Lac3
Tiezzi et al., 2012 BSW (IT) 15,653 cLSM-GS 90.30 0.12 047 Lac2
Berry et al., 2013 HOL (IL) 58,577 LAM-REML 78.00 0.04 0.38 Lac2
Berry et al., 2013 HOL (IL) 58,577 LAM-REML 75.00 0.03 0.05 Lac3
De Haer et al., 2013 HOL (NL) 248,801 LMGSM-REML 92.20 0.09 Lac2
De Haer et al., 2013 HOL (NL) 176,269 LMGSM-REML 94.40 0.11 Lac3
Days between first and last service (DFLS)
Tiezzi et al., 2012 BSW (IT) 15,653 cLSM-GS 36.30 0.03 0.49 Lac2
De Haer et al., 2013 HOL (NL) 248,717 LMGSM-REML 53.30 0.04 Lac2
De Haer et al., 2013 HOL (NL) 170,253 LMGSM-REML 56.60 0.04 Lac3
Days open (DO)
Abe et al., 2008 HOL (JP) 501,369 LAM-REML 130.7 0.04 Lac2
Abe et al., 2008 HOL (JP) 282,601 LAM-REML 131.8 0.03 Lac3
Tiezzi et al., 2012 BSW (IT) 15,653 cLSM-GS 126.00 0.05 0.40 Lac2
Calving interval (CI)
Montaldo et al., 2010 HOL (MX) 4,501 LAM-REML 416.00 0.02 -0.01 Lac2
Montaldo et al., 2010 HOL (MX) 2,576 LAM-REML 421.00 0.01 -0.17 Lac3
Albarran-Portillo and Pollott, 2013 HOL (UK) 46,439 LAM-REML 399.00 0.03 0.53, 0.34* >=Lac2
Berry et al., 2013 HOL (IL) 82,909 LAM-REML 398.00 0.04 0.40 Lac2
Berry et al., 2013 HOL (IL) 100,700 LAM-REML 393.00 0.03 0.43 Lac3
De Haer et al., 2013 HOL (NL) 239,289 LMGSM-REML 405.80 0.09 Lac2
De Haer et al., 2013 HOL (NL) 160,985 LMGSM-REML 408.30 0.11 Lac3
Number of service per conception (NSPC)
Tiezzi et al., 2012 BSW (IT) 15,653 CcTSM-GS 1.72 0.05 0.43 Lac2
Berry et al., 2013 HOL (IL) 58,577 LAM-REML 1.70 0.04 0.14 Lac2
Berry et al., 2013 HOL (IL) 43,548 LAM-REML 1.70 0.04 0.40 Lac3
Conception rate (CR)
De Haer et al., 2013 HOL (NL) 248,717 LMGSM-REML 0.68 0.03 Lac2
De Haer et al., 2013 HOL (NL) 170,253 LMGSM-REML 0.67 0.03 Lac3
Conception at first service (FSC)
Tiezzi et al., 2012 BSW (IT) 15,653 cTSM-GS 0.56 0.03 -0.51 Lac2
Berry et al., 2013 HOL (IL) 38,792 LAM-REML 0.44 0.01 -0.46 Lac2
Berry et al., 2013 HOL (IL) 29,081 LAM-REML 0.43 0.02 -0.27 Lac3
Non-return rate at x days (x=56-60-70-90) (NRx)
Tiezzi et al., 2012 BSW (IT) 15,653 cTSM-GS 0.71 0.03 -0.29 Lac2, x=56
De Haer et al., 2013 HOL (NL) 248,797 LMGSM-REML 0.62 0.02 Lac2, x=56
De Haer et al., 2013 HOL (NL) 176,051 LMGSM-REML 0.62 0.02 Lac3, x=56

1Breed: BSW= Brown Swiss; HOL= Holstein
“Model: LAM = linear animal model; LMGSM =linear maternal grand sire model; cLSM = censor linear sire model; cTSM = censor

3, -
rg:

threshold sire model; REML = restricted
* _
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INTRODUCTION

Demand for dairy products is rapidly growing in Asia, Africa, and Latin America, induced by
urbanization and preferences for nutritious foods (Guyomard et al., 2013). Typical dairy system in these
regions is based on low-input, smallholder farming in a tropical environment. An increase of milk
production is expected to supply the demand as well as to raise the income of dairy farmers. Genetic
improvement of the dairy cattle, along with changing feeding practices, is shown to largely increase
milk production (McDermott et al., 2010). Crossbreeding of local breeds with temperate dairy breeds,
such as Holstein-Friesian (HF), has been recommended to achieve both high productivity and resistance
to heat stress (Philipsson, 2000). However, cattle with high proportions of exotic temperate blood tend
to be managed intensively. Additionally, these exotic breeds are by definition not well adapted to the
local climate, feed resources, and management systems and require some level of environmental
modification(such as cooling and ventilation system) to remain reasonably healthy and productive
(Herath and Mohammad, 2009).

Thailand is one of the country in tropical area. The dairy cattle have been developed through the
national sire selection and Al mating program since 1956, focusing on milk production. Continuous
increasing milk yield by selection has induced a decrease in reproductive performance (Pryce and
Veerkamp, 2001) due to the antagonistic genetic relationship between milk yield and fertility traits
(Roxstrom et al., 2001; Liu et al., 2008). In particular, during early lactation in high yielding cows,
dietary intake of cows fails to keep pace with the demand for peak milk production (Bauman and
Currie, 1980), leading to negative energy balance, which has serious consequences on other body
functions (Banos et al., 2006; Lgvendahl et al., 2010). The inclusion of fertility in the breeding goal is
necessary to optimize the result of genetic improvement of dairy cattle.

The reproductive performance of dairy cows under smallholder conditions in Thailand from 2001

to 2005 was studied and reported by Leelasiri et al. (2006). The averages of days from calving to first
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service (DTFS, d), days between first and last service (DFLS, d), days open (DO, d), number of
services per conception (NSPC, no.), and calving interval (CI, d) were 86.50 + 0.12, 23.33 + 0.02,
127.99 £ 0.23, 1.89 £ 0.00, and 410.14 + 0.23, respectively. Research on genetic studies of fertility traits
in tropical conditions, including Thailand, is very limited, but data sets are available from a few herds
(e.g., Demeke et al., 2004; Konig et al., 2005; Estrada-Ledn et al., 2008).

The objective of this study was to estimate genetic parameters for various fertility traits on
crossbred dairy heifers and cows in a smallholder system under tropical conditions, using Al data from

the national recording scheme.

MATERIALS AND METHODS

Environment and management

Thailand, as a tropical country, is located between 5°35" and 20°30’ N and 97°20" and 105°40" E.
Annual temperatures typically range from 19 to 38°C (66 to 100°F), relative humidity ranges from 66 to
81%, and rainfall ranges from 201 to 2724 mm. Thailand has 3 seasons: summer (March-June), rainy
season (July-October), and winter (November-February; Meteorological Department, 2013). The dairy
cattle population reported in 2013 consisted of 512,205 animals with 229,899 cows on 17,094 farms
(Department of Livestock Development, 2014a), and raw milk production was approximately 1,067,452
tonnes per year (Office of Agricultural Economics, 2014a). The majority of dairy farmers (80%) are
smallholders with an average of 30 animals per farm (calves, heifers, and cows). Most of the dairy cows
are crossbred from Bos indicus, such as Sahiwal, Brahman, and Thai Native cattle upgraded by HF
(Boonkum et al., 2011). Currently, the majority of the dairy population has >75% HF blood. Average
milk yield per cow is 4,000 kg per lactation (Department of Livestock Development, 2014b) with some
elite cows can produce 6,000 kg of milk per lactation. Generally, no cooling devices are available in the

barns. More than 90% of dairy cattle are subjected to Al services provided by a government
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organization (Department of Livestock Development, Thailand), and the rest are serviced by a semi-
government organization (Dairy Promotion Organization, Thailand) and the dairy cooperatives in the
areas. Frozen semen used for Al services is both imported and produced locally. The Al records of dairy
cattle have been collected in the database system by Al technicians since 1996. Common feeding was
practiced as described by Koonawootrittriron et al. (2009). The daily feed ration is based heavily on
concentrates. Roughages commonly used consist of tropical grass, rice straw, and some agricultural
wastes. The ingredient composition of the concentrate feed depends on local availability and price.
However, shortages of roughage are serious in winter and summer, and farmers have to buy hay or rice

straw or increase their use of commercial mixed rations.

Data and trait definitions

Data of pedigrees, breeding records, calving information, and lactation information of Thai dairy
cattle, calving between 1996 and 2011, were obtained from the dairy cattle database of the Bureau of
Biotechnology for Livestock Production, Department of Livestock Development, Thailand. The
investigated traits were age at first service (AFS, mo), age at first calving (AFC, mo), DTFS, DFLS,
DO, CI, NSPC, and conception at first service (FSC). The NSPC and FSC were considered as ordered
categorical and binary traits, whereas the DTFS, DFLS, DO, and Cl were determined as continuous
traits (time interval traits). The traits recorded from birth to first calving were considered as heifer traits.
Traits measured on first-lactation animals were considered as primiparous cow traits, and the traits
measured from second to fifth lactation were considered as multiparous cow traits. Therefore, AFS and
AFC were considered as specific traits for heifers, whereas DTFS, DO, and CI were considered as
specific cow traits. The DFLS, FSC, and NSPC were defined for both heifers and cows. A conception
for a heifer or a cow in a specific parity was determined with subsequent calving data that got along
with the latest insemination data. A subsequent service within 10 d from previous insemination was

considered a double insemination, and was discarded. Animals with complete records were included in
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the analysis if at least one contemporary mate was present in a herd-year of first service subclass for
heifers, and a herd-year of calving subclass for cows. The sires for heifers and cows in the data set were
identified.

The final edited data sets for univariate analyses and bivariate analyses within parity included
68,555, 34,401, and 54,004 fertility records for 68,555 heifers, 34,401 primiparous cows, and 34,400
multiparous cows (1.57 records per cow), respectively. The data of primiparous cows were fewer than
heifers in this population because some farmers have limited capacities such as land and funds, so they
sold the pregnant heifers to other farms that are not under the Department of Livestock Development
database system. For bivariate analyses across parity, the data sets consisted of 20,433, 16,986, and
16,107 animals for heifers-primiparous cows, heifers-multiparous cows, and primiparous-multiparous
cows, respectively. For univariate and bivariate analyses within parity, the pedigree records were
constructed by tracing 3 generations of ancestors, and 131,689, 72,624, and 67,887 heifers, primiparous
cows, and multiparous cows, respectively, were found. In addition, the pedigree records of bivariate
analyses across parity for heifers-primiparous cows, heifers-multiparous cows, and primiparous-

multiparous cows were 47,413, 38,606, and 37,434 animals, respectively.

Model
The univariate analyses with linear and threshold animal model were performed for Gaussian and
categorical traits, according to the following models, which were applied from Abe et al. (2009) and

Tiezzi et al. (2012):

y =XB+ Zyyhy +Z,a+Ziss +e for heifers and primiparous cows

y = XB + Zpyhy + Z,a + Z,p + Zs;ss + e for multiparous cows
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where y is a vector of observations for linear traits (AFS, AFC, DTFS, DFLS, DO, and CI) or a
vector of unobserved liabilities for categorical traits (NSPC and FSC); B is a vector of systematic
effects; hy~ N (0, Ioﬁy) is a vector of contemporary group (CG) effects, defined as the herd-year of first
service effects for heifer traits and herd-year of calving effects for cow traits; a~ N (0, Ac?) is a vector
of additive genetic effects for all animals in the pedigree p~N(O,Iof,) is a vector of permanent
environmental effects for all animals with records (only multiparous cows); ss ~N(0,16%) is a vector
of service sire effects (only for FSC); e ~N(0,102) is a vector of residual effects; X is the incidence
matrix for fixed effects; Zyy, Z,, Zp, and Zg are the incidence matrices for random effects; A is the
additive relationships matrix among animals; I is the identity matrix; oy, 02, o7 ,0% and oZ are herd-
year, additive genetic, permanent environment, service sire, and residual variances, respectively.

The following systematic effects were considered: breed group (4 classes) and year-month of first
service (185 classes) for AFS and AFC in heifers; breed group (4 classes), AFS (5 classes), and year-
month of first service (185 classes) for DFLS, FSC, and NSPC in heifers; breed group (4 classes), age at
calving (7 classes), and year-month of calving (181 classes) for all traits in primiparous and multiparous
cows. Effect of parity (4 classes) was also considered for multiparous cows. The effect of
inseminator/Al technician was not considered because only one inseminator/Al technician was assigned
to be responsible for one Al unit. Hence, this factor was completely accounted for by the management
group effect (only one technician within a herd year or year-month).

Bivariate analyses were used to investigate the genetic relationship among different fertility traits
within parity and between the same fertility traits across parity fitting linear-linear, threshold-linear, and
threshold-threshold animal models. For within-parity analysis, only animals that had records for both
traits were used. For across parity analysis, only animals that had records for both parities were used.
The identical model to the univariate approach was assumed for each trait except analyses of AFC and

the other heifer traits (NSPC, FSC, and DFLS) where AFS was not included in the model.
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Estimation of genetic parameters

Estimates of (co)variance components from both univariate and bivariate analyses were calculated
by a Bayesian implementation via Gibbs sampling. Computations were carried out using the program
THRGIBBS1F90 (Tsuruta and Misztal, 2006). The total length of the Gibbs chain was 250,000 cycles
with the first 50,000 cycles used as the burn-in period, which were determined based on visual
inspection of trace plots of selected (co)variance components. Thinning interval was set to 20, and the
resulting 10,000 samples were used to calculate posterior means and standard deviations. Posterior
means were used as a point estimate of the (co)variance components for calculation heritabilities (h?),

herd contributions (c?), genetic correlations (rg) and phenotypic correlations (r,).

RESULTS AND DISSCUSSION

Descriptive statistics

Table 3-1 shows least squares means of various fertility traits in different parities and breed
groups. The mean AFS and AFC were 22.9 and 32.9 mo. The FSC of heifers was 16.7 and 15.2%
higher than that of primiparous and multiparous cows, respectively, whereas NSPC and DFLS of heifers
were 0.57 services and 20.9 d less than primiparous cows and 0.49 services and 17.6 d less than
multiparous cows. Moreover, the tendency of all traits in the multiparous cows was better than those in
the primiparous cows. Generally, reproductive efficiency in heifers and cows trended to be lower as HF
blood increased. The breed group with >93.75% HF had the lowest reproductive performance.

The mean of AFS was higher than 499.7 + 53.6 d (16.7 mo) reported in Canadian Holsteins
(Jamrozik et al., 2005), 518.6 £ 84.8 d (17.3 mo) in Japanese Holsteins (Abe et al., 2009), 482.4 + 40.87

d (16.1 mo) in Iranian Holsteins (Eghbalsaied, 2011), and 519.8 + 51.1 d (17.3 mo) in Chinese
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Holsteins (Guo et al., 2014). The longer AFS in Thai dairy cattle could be due to the environmental
condition, particularly feeding level. It is generally recognized that dairy heifers in tropical areas have a

lower growth rate than those in temperate areas (Vaccaro and Rivero, 1985).

Table 3-1. Least square means (SE) of fertility traits in different parities and breed groups

Traits™
AFS AFC NSPC FSC DFLS DTFS DO Cl
Item n (mo)  (mo) (no) % (d) (d) (d) (d)
Heifers
<81.25%HF 8,368  23.3 33.3 1.55 67.7 25.5

1) (01) (0.03) (1.0) (1.3)
81.25-87.49%HF 11,967 229 329 158 678 266
01) (0.1) (0.03) (09) (1.3)
87.5-93.74%HF 26832 226 327 157 679 27.4
01) (01) (0.02) (0.9) (1.2

>=93.75%HF 21,388 226 326 157 680 27.6
01) (0.1) (0.02) (10) (1.2
Total 68555 22.9 329 157 679 268

(01 (@©.1) (@©02 (@©9 (11
Primiparous cows

<81.25%HF 4,911 201 543 420 972 1349 4199
0.03) (L1) (15 (1.0) (14) (17
81.25-87.49%HF 6,394 214 511 478 995 1418 4282
0.03) (1L1) (14 (@0 (14 (17
87.5-93.74%HF 13,039 215 50.4 483 1026 1458 432.3
0.03) (L0) (13) (090 (1.2) (L5)
>=93.75%HF 10,057 224 489 526 1040 1496 436.8
0.03) (L0) (13) (0.9) (1.3) (16)
Total 34,401 214 512 477 1008 1430 429.3

(0.03) (100 (120 (8 (@12 @149
Multiparous cows

<81.25%HF 9,583 195 562 384 902 1281 4116
0.03) (L1) (14) (09) (1.2) (15)
81.25-87.49%HF 11,125 202 535 429 932 1351 4197
0.03) (11) (13) (09 (1.2) (15)
87.5-93.74%HF 19,446 211 513 467 952 1397 4253
0.03) (L0) (13) (0.8) (11) (L4)
>=93.75%HF 13,850 217 498 497 974 1437 4302
0.03) (10) (13) (0.8) (1.2) (L5)
Total 54,004 206 527 444 940 1367 4217

0.03) (10) (12) (0.8) (L1) (1.3)

'AFS = age at first service; AFC = age at first calving; NSPC = number of service per conception; FSC =
conception at first service; DFLS = days between first and last service; DTFS = days from calving to first service;
DO = days from calving to successful conception; CI = calving interval.
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The FSC, NSPC, and DFLS in heifers were better than in primiparous and multiparous cows
because they were not yet affected by calving and lactation status. The reproductive performance in
primiparous cows was inferior compared with multiparous cows. This might be due to the norm of
practice of small dairy farmers in Thailand who traditionally raise their female calves, heifers, and
pregnant heifers less intensively than cows providing income at the moment. Consequently, these
animals are always neglected under improper nutrition management. The results were in agreement with
the report of Pongpiachan et al. (2003) and Leelasiri et al. (2006). However, this might be in contrast to

results obtained under the normal management protocols in advanced dairy industry countries.

Heritabilities

Table 3-2 shows the posterior means and the 95% high posterior density intervals of heritabilities
and herd contributions for various fertility traits in different parities from univariate analyses. Moderate
heritabilities were obtained for AFS (0.26) and AFC (0.28). For AFS, the heritability estimate was close
to a report of Estrada-Ledn et al. (2008) for Brown Swiss (BS) in the tropics of Mexico (0.28) but lower
than those reviewed by Lobo et al. (2000) for tropical dairy cattle (0.60). This value was also higher
than the estimates for Canadian Holsteins (Jamrozik et al., 2005), Japanese Holsteins (Abe et al., 2009),
Iranian Holsteins (Eghbalsaied, 2011), Dutch Holsteins (De Haer et al., 2013), and Chinese Holsteins
(Guo et al., 2014). The result suggested that genetic improvement of AFS could be achieved by
selection. The heritabilities for other traits were 0.04 or less, which were lower than previous studies in
Canadian Holsteins (Jamrozik et al., 2005) and Japanese Holsteins (Abe et al., 2009) but similar to a
report in Thai dairy cattle (Konig et al., 2005). The heritabilities between 0.01 and 0.04 for cow fertility
traits were also found in Cuban Holsteins (Buxadera and Dempfle, 1997), Kenyan Holsteins (Ojango
and Pollott, 2001), Ethiopian dairy cows (Demeke et al., 2004), Mexican BS (Estrada-Leon et al., 2008;
Utrera et al., 2010), and Colombian Holsteins (Zanbrano and Echeverri, 2014) under tropical,

smallholder conditions. The low heritability in this study suggested that improvement of fertility traits
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in heifers and cows could be achieved by improving reproductive managements such as successful
detection of heat, timely insemination, and feeding practice for growing and postpartum animals.

However, the variability among papers was also due to the methodology used.

Table 3-2. Estimates® of heritability and herd contribution for various fertility traits in different parities

Heifers Primiparous cows Multiparous cows
Parameter Trait32 Mean HPD95 Mean HPD95 Mean HPD95
Heritability AFS 0.26 0.24,0.28
AFC 0.25 0.23,0.27
NSPC 0.02 0.01,0.03 0.03 0.01,0.05 0.02 0.01,0.04
FSC 0.01 0.01,0.02 0.02 0.01,0.03 0.02 0.01,0.03
DFLS 0.01 0.00,0.01 0.02 0.01,0.03 0.01 0.01,0.02
DTFS 0.03  0.02,0.05 0.03 0.02,0.04
DO 0.04  0.03,0.05 0.03 0.02,0.05
Cl 0.04  0.03,0.05 0.03 0.02,0.05

Herd contribution AFS 0.38 0.37,0.38
AFC 0.34 0.33,0.34

NSPC  0.09 0.08,0.11 0.11  0.09,0.13 0.08 0.06,0.09
FSC 0.10 0.08,0.11 0.10 0.08,0.11 0.08 0.06,0.09
DFLS 0.06 0.05,0.07 0.07  0.05,0.08 0.05 0.04,0.05
DTFS 0.15 0.13,0.16 0.11 0.10,0.11
DO 0.08  0.07,0.09 0.05 0.04,0.06
Cl 0.08  0.07,0.09 0.05 0.04,0.06

"Means and the 95% highest posterior density intervals (HPD95) for the posterior distributions.

AFS = age at first service; AFC = age at first calving; NSPC = number of service per conception; FSC =
conception at first service; DFLS = days between first and last service; DTFS = days from calving to first service;
DO = days from calving to successful conception; CI = calving interval.

Herd contributions were always higher than heritabilities in all fertility traits (Table 3-2), ranging
from 0.05 for DFLS, DO, and CI in multiparous cows to 0.38 for AFS in heifers. No reference was
found to estimate herd contribution for dairy fertility traits in a tropical environment. Jamrozik et al.
(2005) and Abe et al. (2009) reported high estimates of herd contribution for AFS in Holsteins (0.48 and
0.50, respectively). The higher estimate in AFS and AFC could be due to different feeding practices and
farmer or breeder decisions on breeding age across herds. Another high herd contribution was 0.15 in
DTFS for primiparous cows, which is similar to the reports by Jamrozik et al. (2005), Abe et al. (2009),

and Tiezzi et al. (2012). The estimates of herd contribution for NSPC, FSC, DFLS, DO, and CI were
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low, which implies lower variability of average reproductive efficiency across herd-year class. For FSC,
the ratio of variance of service sire to total variance was 0.01 or lower for both heifers and cows (not
shown). Very small variance of service sire was reported in an intensive system (Jamrozik et al., 2005;
Kuhn and Hutchinson, 2008; Tiezzi et al., 2013). Repeatabilities of fertility traits for multiparous cows
(not shown) ranged from 0.10 (DFLS) to 0.17 (DTFS). The estimates were within the range reported for
dairy cattle in tropical environment (Ojango and Pollott, 2001; Demeke et al., 2004; Estrada-Leén et al.,

2008).

Genetic correlations among different fertility traits within parity

Table 3-3 shows genetic correlations estimated among different fertility traits within parity. The
estimated genetic correlations were close to 1 for AFS and AFC, NSPC and DFLS, and DO and Cl, and
close to —1 for NSPC and FSC, and DFLS and FSC. The results were in agreement with previous
studies (Jamrozik et al., 2005; Abe et al., 2009; Eghbalsaied, 2011; Guo et al., 2014). These results
suggested that the traits in this study were essentially the same indicator of fertility and may be
originally the same in terms of genetic source. Moreover, the FSC and NSPC in both heifers and cows
had very high favorable genetic correlations with DO and CI ranged from —0.96 to 0.89. However,
correlation estimates between DO and Cl depended on the definition of DO, which is based on
subsequent calving, on non-return to estrus within 90 d after last service or on pregnancy diagnosis. The
DO based on non-return in estrus or on pregnancy diagnosis could be more interesting, even if possibly
less accurate than those based on subsequent calving because it allows an acceleration of at least 6 mo
in genetic evaluation of cows, and especially, of Al bulls at their first proofs.

A slight correlation was found between AFS or AFC and NSPC, FSC, and DFLS. This indicated
that selection for lower AFS or AFC had little correlated responses to NSPC, FSC, and DFLS in heifers.
This is because AFS and AFC often reflect body growth of the heifer rather than its fertility. Therefore

body size of heifers is mainly considered by breeders or farmers when deciding on the right moment for
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inseminations. Low genetic correlation of AFC with heifer fertility traits was also reported in intensive

dairy systems (Jamrozik et al., 2005; Abe et al., 2009). Eghbalsaied (2011) found low to moderate

positive genetic correlations in Iranian Holsteins. The estimated genetic correlations among different

fertility traits indicated that selection for cows with high conception rate could lead to shorten DO and

Cl, as well as DTFS.

Table 3-3. Estimates’ of genetic correlations (above diagonal) and phenotypic correlations (below
diagonal) among fertility traits within different parities

Traits?
Parity AFS AFC NSPC FSC DFLS
Heifer AFS 1.00 -0.19 0.15 -0.31
(1.00,1.00)  (-0430.04)  (-0.15042)  (-0.54,0.05)
AFC 0.94 -0.04 0.12 -0.02
(0.94, 0.94) (-0.24,022)  (-0.13,0.32)  (-0.32, 0.31)
NSPC 0.26 -0.08 -1.00 0.85
(0.25,027)  (-0.11,-0.05) (-1.00,-1.00)  (0.70,0.92)
FSC 0.06 -0.25 -1.00 -0.99
(0030.10)  (-0.26,-0.24)  (-1.00,-0.99) (-1.00,-0.32)
DFLS -0.08 0.29 0.73 -0.73
(-0.11,-0.05)  (0.29,0.30)  (0.72,0.75)  (-0.77,-0.16)
NSPC FSC DFLS DTFS DO Cl
Primiparous  NSPC -1.00 1.00 0.58 0.87 0.89
cows (-1.00,-1.00)  (0.99,1.00)  (0.27,0.83)  (0.77,0.96)  (0.78,0.98)
FSC -0.99 -1.00 -0.70 -0.95 -0.96
(-0.99,-0.99) (-1.00,-0.99)  (-0.91,-041)  (-0.99,-0.86) (-1.00, -0.87)
DFLS 0.81 -0.70 0.58 0.91 0.91
(0.80,0.83)  (-0.71,-0.69) (022,0.81)  (0.830.97)  (0.83,0.96)
DTFS -0.09 0.07 -0.09 0.87 0.86
(-0.11,-0.08)  (0.05,0.08)  (-0.10,-0.08) (0.75,0.96)  (0.73,0.95)
DO 0.69 -0.75 0.83 0.48 1.00
(0.68,0.70)  (-0.76,0.75)  (0.83,0.83)  (0.47,0.49) (1.00, 1.00)
Cl 0.68 -0.75 0.83 0.48 1.00
(0.67,070)  (-0.76,-0.74)  (0.82,0.83)  (0.47,0.49)  (1.00, 1.00)
Multiparous NSPC -1.00 0.95 0.28 0.71 0.68
cows (-1.00-1.00)  (0.88,098)  (-0.09,0.63)  (0.51,0.86)  (0.48,0.84)
FSC -1.00 -1.00 -0.28 -0.80 -0.78
(-1.00,-1.00) (-1.00,1.00)  (-0.72,0.11)  (-0.94,-055) (-0.73,-0.72)
DFLS 0.81 -1.00 0.72 0.94 0.92
(0.79,0.82)  (-1.00,-1.00) (042,091)  (0.860.98)  (0.81,0.97)
DTFS -0.13 0.12 -0.10 0.93 0.94
(-0.14-012)  (0.11,0.13)  (-0.11,-0.10) (0.82,098)  (0.85, 0.98)
DO 0.67 -0.73 0.83 0.47 1.00
(0.66,0.69)  (-0.74,0.72)  (0.83,0.83)  (0.46,0.48) (0.99, 1.00)
Cl 0.67 -0.72 0.83 0.47 1.00
(0.66,0.69) (-0.73,-072)  (0.82,0.83)  (0.46,0.48) (1.0, 1.00)

IMeans (and the 95% highest posterior density interval in the parentheses) for the posterior distributions.
2AFS = age at first service; AFC = age at first calving; NSPC = number of service per conception; FSC = conception at
first service; DFLS = days between first and last service; DTFS = days from calving to first service; DO = days from
calving to successful conception; CI = calving interval.
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The FSC and NSPC in both heifers and cows had the highest average of absolute genetic
correlations with other traits even though the lowest heritability belonged to this group. Therefore, they
could be used as one of the best indicators for heifer/cow fertility and could be complemented by other
traits which were genetically considered as different traits such as DTFS and in terms of a fertility

index. This would enable efficient selection for better reproductive performance.

Genetic correlation between the same fertility traits across parity
Table 3-4 shows genetic correlations among fertility traits treated as different traits across parities.
The highest estimates were obtained between primiparous and multiparous cows, ranging from 0.91 for

FSC to 0.99 for DO and CI.

Table 3-4. Estimates’ of genetic correlations among fertility traits treated as different trait across

parities

Heifer-primiparous Heifers-multiparous Primiparous-multiparous

COWS COWS COWS

Traits? Mean HPD95 Mean HPD95 Mean HPD95
NSPC 0.83 0.72,0.93 0.68 0.39,0.95 0.95 0.90, 0.98
FSC 0.81 0.65, 0.96 0.37 -0.06, 0.87 0.91 0.85, 0.97
DFLS 0.40 -0.04,0.72 -0.03 -0.80, 0.90 0.98 0.93,1.00
DTFS 0.98 0.95, 1.00
DO 0.99 0.96, 1.00
Cl 0.99 0.96, 1.00

"Means and the 95% highest posterior density intervals (HPD95) for the posterior distributions.
2 NSPC = number of service per conception; FSC = conception at first service; DFLS = days between first and last
service; DTFS = days from calving to first service; DO = days from calving to successful conception, calving.

The similar results were found for purebred Holsteins in intensive system (Haile-Mariam et al.,
2003b; Abe et al., 2009) and BS in a mountain climate (Tiezzi et al., 2012). No reports of the genetic
correlations in tropical dairy cattle were found. The genetic correlations suggested that fertility
measured in subsequent parity can be regarded as the same trait as the first parity. Genetic correlation

between heifers and primiparous cows was high for NSPC (0.83) and FSC (0.81) but not significantly
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different from zero for DFLS (0.40). For NSPC, the estimated genetic correlation between heifers and
primiparous cows was higher than the result for Canadian Holsteins (Jamrozik et al., 2005), German and
Austrian Simmental (Gredler et al., 2007), and Italian BS (Tiezzi et al., 2012). For FSC, Abe et al.
(2009) reported a genetic correlation of 0.74 between heifers and primiparous cows, whereas the value
assessed by Tiezzi et al. (2012) on BS was lower (0.35). For DFLS, a moderate to high genetic
correlation between heifers and primiparous cows was reported in Swiss Simmental (0.40, Hodel et al.,
1995), Canadian Holsteins (0.72, Jamrozik et al., 2005), German dairy cattle (0.48, Liu et al., 2008), and
Italian BS (0.55, Tiezzi et al., 2012). Genetic correlation between heifers and multiparous cows was
0.68 for NSPC but not significantly different from zero for FSC and DFLS (0.37 and —0.03). The
estimates were lowest compared with the estimates for heifers and primiparous cows, and estimates for
primiparous and multiparous cows (0.91 and 0.98). These results were different from the study of Tiezzi
et al. (2012), which reported that the genetic correlations of the mentioned traits between heifers and
multiparous cows were intermediate and positive between estimates for heifers and primiparous cows
and primiparous and multiparous cows. However, the estimated genetic correlation between heifers and
primiparous cows, as well as primiparous and multiparous cows in the current study showed the same
trend as in studies of Roxstrom et al. (2001) and Tiezzi et al. (2012).

Overall, the genetic correlations between heifers and cows fertility were far from 1. The results
suggested that fertility traits in heifers were genetically different from the traits in cows because the
animal was not subjected to the same metabolic load during the heifer period as during the lactation
period. Therefore in selection for improvement of heifer and cow fertility efficiency, it should be

analyzed as separate traits in a multiple-trait model for fertility index development.
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CONCLUSION

In conclusion, reproductive efficiency in heifers and cows showed a trend to be lower as HF blood
increased. Estimated heritabilities of reproductive traits in heifer and cow were 0.04 or less, only the
heritabilities for AFS and AFC were slightly higher, which were similar to the results in the literature.
Selection for cows with high conception rate could lead to shortened DO, CI, and DTFS. The FSC and
NSPC could be used as the best indicators for heifer/cow fertility and could be complemented by other
traits that were genetically considered as different traits such as DTFS and DFLS in terms of a fertility
index. This would enable efficient selection for better fertility. Heifer and cow fertility should be
considered as different traits in evaluation for genetic improvement. However, virgin heifer traits are
measured relatively early in life, and therefore they should be included in tropical dairy cattle breeding

program to improve the efficiency of fertility.
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INTRODUCTION

In most of tropical regions in Asia including Thailand, dairy farm systems are smallholder, and
crossbreeding programs of local breeds with temperate dairy breeds are the most important strategy in
increasing milk production (Buaban et al., 2015). Therefore, milk yield is a major trait of selection in
breeding programs for the dairy cattle. The condition, that the main dairy market in such areas is ready-
to- drink milk, has been a crucial drive to the aforesaid selection criteria.

Not different from advanced dairy raising countries, increasing incidences of fertility problems in
dairy cattle related with milk yield increased (De Vries and Veerkamp, 2000; Oikonomou et al., 2008)
since the genetic relationship between milk yield and fertility traits is antagonistic (Liu et al., 2008). It
is therefore necessary that apart from the milk production, the fertility is also to be included in the
breeding goal in order to optimize the result of genetic improvement of dairy cattle.

Negative energy balance (NEB) was declared as one of the most important biological pathway and
physiological process behind fertility problems, which often occurred during early lactation (Veerkamp
et al., 2000; Wathes et al., 2007). However, energy balance is difficult to measure in large populations,
leading to increased interest in other traits, which may be the indicators of energy balance (Coffey et al.,
2001) and may subsequently be related to health and fertility status of the animals. Milk composition
data in term of test-day milk fat-to-protein ratio (TD-FPR) could be used as an alternative indicator of a
cow’s tissue energy status (Heuer et al., 1999) and can serve as predictor for estimating breeding values
for fertility traits (Berry et al., 2003). Moreover, TD-FPR data is available in almost every dairy herds
recording scheme. Hence, fertility efficiency might be improved as a whole by genetic selection of TD-
FPR if it was found heritable and could be incorporated in the breeding objectives together with
production traits in term of selection index.

Nevertheless, researches on genetic analyses of fertility traits and energy balance in dairy cattle

under tropical condition are very few with limited small data set from a few numbers of herds or within
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a breeding station. Most of them have been reported at the phenotypic level or general genetic variation
of fat, protein and TD-FPR (Konig et al., 2005; Estrada-Ledn et al., 2008; Rukkwamsuk, 2010;
Puangdee et al., 2012).

Therefore, the objectives of this study were to estimate genetic parameters for fertility traits, test-
day milk yield (TD-MY) and TD-FPR as well as their relationship during different stages of lactation
using random regression models (RRM) on Thai dairy crossbred cows in a smallholder system under
tropical condition. The data on fertility traits, milk yields and milk components from Al and milk

records database under the national recording scheme of Thai dairy cattle were verified and analyzed.

MATERIALS AND METHODS

Data and trait definitions

Data on fertility traits and monthly test-day record of milk production and milk compositions of
the primiparous Thai dairy crossbred cows, calving between 1996 and 2011, were obtained from the
national dairy database of the Bureau of Biotechnology for Livestock Production, Department of
Livestock Development, Thailand.

Fertility traits selected for this study were days from calving to first service (DTFS), days between
first and last service (DFLS), days open (DO), calving interval (Cl), number of inseminations per
conception (NSPC), conception at first service (FSC) and pregnancy within 90 days after the first
service (P90). DO was defined as the days between the calving and the conception date in the current
parity. NSPC was defined as ordered categorical whereas the last two traits, FSC and P90 were
considered as binary traits. FSC was defined as ‘1’ if the cow was confirmed pregnant after first
insemination or ‘0’ otherwise. P90 were defined as ‘1” if the successful insemination date was within 90
days after the first insemination otherwise P90 was defined as ‘0’. The DTFS, DFLS, DO and CI were

determined as interval traits. Conception date was determined using subsequent calving date that got
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along with the last insemination date before the consecutive calving. A conception record was discarded
if the consecutive calving date was unknown or if days between the conception and the consecutive
calving were less than 265 or more than 295 (the range of £3 standard deviation units from the overall
mean of the day between last insemination date and consecutive calving date).

A test-day record comprised of observations on test-day milk, fat and protein yield with
approximate 30 days interval from 5 to 365 DIM. Milk compositions were analyzed using Combifoss' ™,
milk composition analyzer machine. The TD-FPR was calculated for each test-day.

To obtain consistent data sets, the data of individual cow was matched between pedigree, lactation,
and calving performance information. The data of the cows including in the analysis must have sire
identified with age at first calving between 18 and 48 months. Moreover, their records must be under
the herd-year of calving subclass with at least one complete fertility contemporary record. The records
of fertility traits within the following range were considered allowed: DFLS less than 370 days, NSPC
between 1 and 10, DTFS between 20 and 250 days, DO between 20 and 400 days, and CI between 290
and 690 days. Cows with complete records according to the mentioned criteria were included in the
analysis.

The final datasets in univariate analyses included 10,055 records (10,055 heads) for fertility traits
and 223,449 (25,968 heads) records for milk traits. In bivariate analyses, the datasets consisted of
88,482 records (10,055 heads) for analyses among fertility traits with TD-MY and TD-FPR, and
223,449 records (25,968 heads) for analyses between TD-MY and TD-FPR. The pedigree records were
constructed by tracing back 3 generations of ancestors. There were 23,111 animals in univariate
analyses of fertility traits and bivariate analyses among fertility with TD-MY and TD-FPR, and 49,403
animals for univariate analyses of TD-MY and TD-FPR and bivariate analyses between TD-MY and
TD-FPR. Breed groups of cows were classified into 4 classes considering percentage of HF blood:
<81.25%, 81.25 to 87.49%, 87.50 to 93.74%, and > 93.75%. Age at first calving was classed to 7

classes by three months interval with <25 month being the first class and >39 months being the last
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class. Season of calving was classed to summer (March - June), rainy season (July - October) and winter

(November - February). Descriptive statistic of the studied traits is shown in Table 4-1.

Statistical analysis
Preliminary univariate RRM analyses for test-day traits (TD-MY and TD-FPR) were performed to
determine the appropriate order of Legendre polynomials for modeling random regression effects in

test-day model. A model used for analysis was

n Ng
Yijkimpt = YM; + agej+ bgi + Z.Blrnr(DIMt) + htm,, + Z apr¢r(DIMt) +
r=0 r=0

n
Zrio pprd’r(DlMt) + €ijkimpt »

WhEre y; jximpe IS test-day observation (TD-MY or TD-FPR), recorded in calving year x month i,
in herd x test-month m, on a cow p belonging to the calving age class j, breed class k, calving-year x
calving-season class I, and measured on DIM ¢t (t = 5,...365); ym; is fixed effect of it*calving year x
month (i = 1,...,234); age; is fixed effect of jt"age at calving class (j = 1,...,7); bgy is fixed effect of
kt" breed class (k =1,...,4); htm,, is random effect of m®" herd test-month (m =I,...,113,739);
. (DIM,) is the rt"covariate from the third-order orthogonal Legendre polynomial and the exponential
term of Wilmink function (Wilmink, 1987) at days in milk t; ¢,(DIM,) is the rt"coefficient of
Legendre polynomials evaluated at DIM t; n is the order of fit for fixed regression coefficients (n=4);
n,is the order of fit for additive genetic (AG) random regression coefficients; n,is the order of fit for
permanent environmental (PE) random; S,,is fixed regressions coefficients to describe the shape of the
lactation curve within year x season of calving class [; a,,is the rt*random regression coefficient of
AG value of pt"animal; Dpris the rt"random regression coefficient of PE effect of p*"animal; and
€;jiimpt 1S the random residual.

The covariables for coefficients S, were
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. (DIM,) = [cq ¢; ¢, c3 exp(wt)]” [1]

where ¢, ¢, ¢, c3 represent coefficients of the third-order orthogonal Legendre polynomial at DIM
t, and w is coefficient of the exponential term of the Wilmink function (Wilmink, 1987). The most
appropriate w that fitted the current data for modeling the fixed lactation curves of TD-MY and TD-
FPR were estimated to be —0.06.

The RRM for AG and PE effects, with different orders of fit, were compared by the log-
likelihoods, Akaike’s information criteria (Burnham and Anderson, 2002). Residual variances and
eigenvalues of the AG covariance matrices were analyzed to assess the importance of adding further
parameters. The model with the highest log-likelihoods, lowest AIC and residual variance was
considered to be the most appropriate and be selected. As a result of the study, Legendre polynomials of
the second- and third-order were used to describe regression curves for TD-FPR and TD-MY,
respectively. Bivariate analysis were then used to estimate the genetic and phenotypic relationship
between the different fertility traits and TD-MY and TD-FPR, as well as, between TD-MY and TD-
FPR. Only the intercept term was fitted for the different lactation-wise fertility traits.

The covariables for coefficients of random effects (a,- and p,.) were

¢T(D1Mt) = [CO C1 C2 ]T fOI’ TD'FPR [2]

¢T(D1Mt) = [CO C1Cp C3]T fOI’ TD'MY [3]

A model used for a univariate fertility trait analysis was

Yijkmp = YM; + agej+ bgy + hyy, + ap, + €jxmp
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where y;jxmp are observations on fertility, recorded in calving year x month i, herd-year of
calving m, on an animal p belonging to the calving age class j, breed class k; ym; is fixed effect of
calving year x month i; age; is fixed effect of age at calving j; bgy is fixed effect of breed group k;
hy,, is random effect of herd-year of calving m; a,, is AG effect of animal p; and e; jx,,, is the random
residual.

The description of the bivariate RRM for TD-MY and TD-FPR (model I) was
A A | A R ot 946 S ot (A B3 WP [ 4
[yr _[0 X, ]lb, Tl oo Zyim, | | htm, tlo Z, [ar *lo z, [pr +[er]

where y,, and y,. are a vector of observations of TD-MY and TD-FPR, respectively; b,,, and b,.
are vectors of systematic effects; htm,, and htm, are vectors of contemporary group (CG) random
effects; a,, and a, are vectors of random regression coefficients of AG effects for all animals in the
pedigree; p,, and p,. are vectors of random regression coefficients of PE effect for all animals with
records; e, and e,. are vectors of random residual effects and X, X;, Zhem,,, Znem,» Za,yZa, Zp,, aNd
Z,, are the corresponding incidence matrices.

The vector b,,, and b, included systematic effects of breed group, age at first calving and year-
month of calving, as well as, fixed regression describing the shape of lactation curve within year-season

of calving class.

The covariance structure for models was defined as

htm] [HRI 0 0 0
al| |0 684 0o o0
Varl o Fl o 0 per o
e 0 0 0 R®I

where H is a diagonal matrix having variances of the random htm effects for TD-MY and TD-

FPR, A is the matrix of AG relationships among animals, ® is the Kronecker product, G and P are 7 X 7
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matrices of (co)variances for the AG and PE random regression coefficients, respectively, and R is 2 x 2

residual covariance matrix.

where H = O-i%tmm O-htrr;rhtmm ,
Y htmy htm, Ghtmr
agml O-amz am1 O-am3 am1 O-am4 am1 aarl am1 O-arz am1 aar3 am1 ]
Uaml Amz2 O-gmz Gam3 Am2 Gam4 Amz2 Uarl Amz2 Jarz Amz2 Uar3 Amz2
O-aml am3 O-amz am3 O-C%m3 O-am4 am3 aarl am3 O-arz am3s aar3 am3
G= O-aml Ama O-amz Ama O-am3 Ama O-‘%mAL aarl Ama O-arz Ama aar3 Ama |
Oamyar Oam;ar Oamszar Oamaar, o-‘%rl Oa,yar, Oar3arq
Oamiar, Oamaar, Oamsar, Oamaar, Oay1ar, o-‘%rz Oar3ar,

2
- O-aml ar3 O-amz ar3 O-am3 ar3 O-am4 ar3 O-arl ar3 O-arz ar3 O-ar3 -

2 -
O-pml O-pmz Pm1 me3pm1 O-pm4pm1 Uprlpml O-prz am1 O-pr3 Pm1
2
O-pml Pm2 Gpmz Gpm3 Pm2 O-pmzt Pm2 O-prl Pm2 O-prz Pm2 o-pr3 Pm2

2
O-pml Pm3 O-pmz Pm3 me3 O-pm4 Pm3 Uprlpm3 Uprz Pm3 O-pr3 Pm3

2
P = O-pmlpm4 O-pmz Pma me3pm4 Upm4 Uprlpm4 Uprz Pma O-pr3 Pma
2
apmlprl 0'me Pr1 O-pm?, Pr1 Gpm4pr1 aprl Gprz Pr1 o-prs Pr1

2
apmlprz 0'me DPr2 O-pm?, Pr2 Gpm4pr2 Gprlprz O-prz o-prs Pr2
b2 2
DPr3 -

- O-pmlpr3 O-szprs O-pm3pr3 me4pr3 O-prlprs O-przprs

2
a, a,
and R = [ em e’"r]

Jemr O-er

The description of the bivariate RRM for TD-MY or TD-FPR and a fertility trait (model 1) was

A | P i P P

Zam 0 Jram me 0 1rpm em
0 Zaf [af]+ 0 pr [pf]-l_[ef]’

where y., and y; are a vector of observations of TD-MY or TD-FPR and lactation-wise fertility

traits divided as score and interval traits, respectively; b,,, and by are vectors of systematic effects;
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htm,, is a vector of contemporary group random effects for TD-MY; hy[ is a vector of contemporary
group random effects for lactation-wise fertility; a,, and a, are vectors of random regression
coefficients of AG effects for all animals in the pedigree; p,,, and p are vectors of random regression
coefficients of PE effect for all animals with records; e,,, and ey are vectors of random residual effects
and X, X¢, Zpem, » Zny Loy ZapZp,, and Z, ; are the corresponding incidence matrices. The same
model was used for the bivariate analysis of TD-FPR and fertility traits.

The covariance structure for models was defined as

htm| [Hpem®I 0 0 0 0
[hy] [ 0 Hy® 0 0 0 ]
Varl a H o0 0 GRA 0 0 |
p J [ 0 0 0 PR 0 J

e 0 0 0 0 RQI

where Hpem and Hpy,, are a diagonal matrix having variances of the htm effects for TD-MY or
TD-FPR of the form o%,,, and the hy effects for fertility traits of the form cﬁy, respectively, A is the
matrix of AG relationships among animals, ® is the Kronecker product, G and P are matrices of
(co)variances for the AG and PE random regression coefficients, respectively, and R is 2 x 2 residual
covariance matrix. For the bivariate analysis of TD-MY and fertility traits, G and P are 5 x 5 matrices of
(co)variances for the AG and PE regression coefficients, respectively, whereas the bivariate analysis of

TD-FPR and fertility traits are 4 X 4 matrices.

2 0 0
0 0 0
where Hp.py = |1EMm Hy, = 2
htm v Mhy 0 o !
0 0 hyr
— 2 -
aaml Jamz Am1 Jams Am1 O-am4am1 Uaf1 Am1
2
O-anu Amz2 aamz O-am3 amz2 O-am4 amz Oa f1am2
_ 2
G = O-anu ams O-amz ams Uam3 O-am4 ams Oa f1am3 |1
2
O-aml Amy O-amz Ama O-am3 Ams O-am4 Oq f1Ama
2
-Jam1af1 Uamzaf1 Uam3af1 O—am4‘1f1 O-afl
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2 -
0-Pm1 O-szprru Upm3pm1 O-Pm4pm1 O-pflpml
2
Opmipmz 9Pmz  9PmaPmz  OPmabmz  OpfiPm2
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P=10p,:0ms Opmebms  OPms  OPmabms OPpibms |

2
O-Pm1pm4 O-szprm Upm3pm4 O-Pm4 O-P f1Pma

2
_O-Pm1pf1 UszPﬂ Upm3pf1 O-Pm4pf1 apfl i

0 o2

g2 0
andR=| ™
ef

For bivariate analyses among TD-MY and TD-FPR with fertility traits, oy, - Was set to zero. For
NSPC, FSC and P90, residual variance was set to 1 on the liability scale. The management group and

AG effects were assumed to be independent.

Computation of (co) variance components

Estimates of (co)variance components from both univariate and bivariate analysis were calculated
by a Bayesian implementation via Gibbs sampling. Computations were carried out using the program
THRGIBBS1F90 (Tsuruta and Misztal, 2006). Uniform prior distribution was assumed for each
location parameter and variance component. The number of iterations was set to 300,000. The first
50,000 samples were discarded as burn-in, and every 50" sample was kept thereafter. Post-Gibbs
analysis by the POSTGIBBSF90 (Tsuruta and Misztal, 2006) program was conducted to obtain
posterior distribution statistics for verification of the parameter estimates. Estimated covariance
components of the random regression coefficients for AG and PE effects were used to derive the daily
heritabilities and genetic and phenotypic associations among the traits. Estimates of heritabilities for the
different traits were calculated from univariate analyses, whereas estimates of correlations between

traits were calculated from bivariate analyses.
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Estimation of heritabilities and correlations

Daily AG variance of the test-day trait (TD-MY or TD-FPR) at time DIM, can be written as
62(DIM,) = ¢, (DIM)Gp, (DIM,)

where G is the (co)variances matrices of AG random regression coefficients for TD-MY or TD-

FPR. Heritability of a trait at any time DIM, along the lactation trajectory was estimated as
h2(DIM,) = 62(DIM,)/[62(DIM,) + 6% + 62(DIM,) + 62],

where 67 (DIM,) is the variance of PE effects given as ¢, (DIM,)P¢,.(DIM,). Genetic correlation

between a test-day and fertility trait at times DIM, was estimated as:

Gr(DIM) G r1

)
/8§m(DIMt)?r§f

@(DIMt) =

where 1 is a vector of ones, G,  are random regression coefficients of the AG covariance between

the test-day trait and fertility trait, and 6§f is the AG variance of the fertility trait.
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RESULTS AND DISSCUSION

Descriptive statistic

Mean and standard deviation of test-day milk production and component and reproductive
performance of the primiparous Thai dairy crossbred cows in different breed groups were shown in
Table 4-1. Mean of DTFS, DFLS, DO, CI, NSPC, FSC and P90 were 100.96+46.65 days, 55.34+74.03
days, 156.30+83.37 days, 434.67+83.44 days, 2.29+1.72, 0.46+£0.50 and 0.75+0.43, respectively,
whereas mean of TD-FPR, TD-MY, %F and %P were 1.15+0.30, 12.60+4.51 kg, 3.64+0.87, and
3.20£0.43, respectively. The average of fertility traits were higher than reported in purebred dairy cattle
raising under intensive system i.e. Purebred Holsteins (Abe et al., 2009; Berry et al., 2013; Zavadilova
and Zink, 2013), Brown Swiss (Tiezzi et al., 2012), Jersey (Haile-Mariam et al., 2013); Swedish Red
(Buch et al., 2011), Iranian Holsteins (Eghbalsaied, 2011), and Nordic Red cattle (Negussie et al.,
2013), but are lower than Northern Thai dairy crossbred (Konig et al., 2005). The mean TD-FPR and
TD-MY of first-lactation cows in this study were lower than the results reported by Negussie et al.
(2013), which were 1.29+0.21 for TD-FPR and 21.3+4.85 kg for TD-MY. The result of descriptive
statistics of the studied traits by breed group showed the tendency of lower reproductive efficiency and
milk component, whereas the tendency of TD-MY averages were higher as the HF blood increased.
However, the TD-FPR averages were found constant (1.15-1.18) in every breed group. Traditionally,
the optimum TD-FPR is 1.2-1.4. The lower TD-FPR (<1.2) are likely to lead to subclinical rumen
acidosis which enhance a possible development of mineral metabolism disorders and endanger
reproductive performance of the cows. The TD-FPR which is higher than 1.4 signals energy deficit and
subclinical ketosis if ketone bodies are present (Haas and Hofirek, 2004). Richardt (2004) confirms that
the TD-FPR higher than 1.5 indicates subclinical ketosis whereas rumen acidosis is suspected when the
TD-FPR is lower than 1.1. However, FPR in this study is a little bit lower than the range showed in the

literatures which infer that Thai dairy crossbred cows may be subjected to subclinical rumen acidosis
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due to daily feed ration is based heavily on concentrates, especially in winter and summer. The time that

roughage shortage happened every year and most of the farmers tried to solve the problem by using

higher proportion of commercial mixed ration instead.

Table 4-1. Means (SD) of fertility and test-day traits of primiparous Thai dairy crossbred cows in
different breed groups

Breed group’
Traits <81.25% 81.25-87.49%  87.5-93.74% >=93.75% Total
HF HF HF HF

Fertility traits n=1,339 n=1,607 n=3,940 n=3,169 n=10,055
DTFS (d) 95.62 (43.52)  99.17 (46.32)  100.44 (46.67) 104.78 (47.78) 100.96 (46.65)
DFLS (d) 49.70 (69.46)  51.74(72.31)  54.82 (74.17)  60.19 (76.47)  55.34 (74.09)
DO (d) 145.33 (77.67) 150.91 (82.63) 155.26 (83.24) 164.97 (85.42) 156.30 (83.37)
Cl (d) 424.07 (77.63) 429.31(82.42) 433.59 (83.46) 443.19 (85.50) 434.67 (83.44)
NSPC (no.) 2.19 (1.66) 2.23 (1.66) 2.28 (1.72) 2.38 (1.77) 2.29 (1.72)

FSC (x100%)  0.48 (0.50) 0.47 (0.50) 0.46 (0.50) 0.43 (0.50) 0.46 (0.50)
P90 (x100%)  0.78 (0.41) 0.77 (0.42) 0.75 (0.43) 0.72 (0.45) 0.75 (0.43)

Test-day traits n=70,007 n=85,821 n=31,825 n=35,796 n=223,449
TD_MY (kg)  11.61 (4.29) 12.30 (4.41) 12.78 (4.51) 13.01 (4.58) 12.60 (4.51)
%F 3.77 (0.83) 3.65(0.82) 3.62 (0.89) 3.58 (0.88) 3.64 (0.87)
%P 3.25(0.45) 3.20 (0.43) 3.19 (0.43) 3.17 (0.44) 3.20 (0.43)
TD-FPR 1.18 (0.29) 1.15 (0.28) 1.15(0.31) 1.15(0.31) 1.15 (0.30)

IDTFS = days from calving to first service; DFLS = days between first and last service; DO = days from calving to
successful conception; CI = calving interval; NSPC = number of service per conception; FSC = conception at first
service; P90 = pregnancy with 90 days after the first service; TD-MY = test-day milk yield; %F = percentage of
fat; %P = percentage of protein; TD-FPR = test-day fat-to-protein ratio.

*The dairy crossbred cows of Bos indicus, such as Sahiwal, Brahman, and Thai Native cattle upgraded by HF

Lactation curves

According to TD-MY curve of primiparous Thai dairy crossbred cows, lactation curve for milk
yield was of similar shape of TD-FPR, which peak yield was shown at the beginning of lactation around
DIM 35 and steady decline afterwards to the end of lactation (see Figure 4-1). The TD-MY curve in this
study showed the same pattern as reported by Jamrozik and Schaeffer (2012), and Negussie et al.
(2013). The TD-FPR curve was found different from that reported by Buttchereit et al. (2010) which
found highest TD-FPR at the beginning of lactation and became stable afterwards. Jamrozik and

Schaeffer (2012) also reported highest values of TD-FPR immediately after calving and decrease as
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lactation proceeded towards the peak of lactation, after that become steady and slowly increase as
lactation progressed. A study in Nordic Red cattle also found highest TD-FPR at early lactation, stable
in the mid lactation (from 100 to 200 DIM) and slightly increase toward the end of the lactation
(Negussie et al., 2013). Although the average TD-FPR obtained in this study show no different in each
stage of lactation but the standard deviations were in wide range. This indicated that some of the cows

might have ability to cope with the negative energy balance in early stage of first lactation.
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Figure 4-1. Average lactation curve for TD-MY (bold line) and TD-FPR (dash line) of primiparous
Thai dairy crossbred cows

Heritabilities

The heritabilities of TD-MY and TD-FPR for particular days in milk are given in Table 4-2. The
averages of estimated daily heritability were 0.52 and 0.18 for TD-MY and TD-FPR (not shown in the
table), whereas heritabilities estimate of fertility traits are shown in Table 4-3. Each unique DIM
heritabilities for TD-MY and TD-FPR are shown in Figure 4-2. Throughout the lactation, heritabilites of
TD-MY ranged between 0.31 and 0.58, whereas the heritabilities of TD-FPR ranged from 0.17 to 0.19.

Although the heritability of TD-FPR were generally lower than that of TD-MY, the same trend was
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observed with slightly lower values at both end of the lactation trajectory and high values around mid-
lactation. The heritability estimates of TD-MY in this study were slightly higher than others reports

(Lidauer et al., 2003; Negussie et al., 2013) but the same trend was observed.
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Figure 4-2. Daily estimated heritabilities for TD-MY (bold line) and TD-FPR (dash line) of
primiparous Thai dairy crossbred cows

For TD-FPR, the estimated heritability was close to the TD-FPR heritability studied in Austrian
Simmental (0.14), Spanish Holstein (0.14 to 0.19) and Thai dairy crossbred (0.15 to 0.19) reported by
Gredler et al. (2006b), Pena (2006) and Puangdee et al. (2012), respectively, but lower than the
estimates in Dutch Holstein Black and White cattle (0.79), German Holstein (0.20 to 0.54), Canadian
Holstein (0.14 to 0.40) and Finish cattle (0.14 to 0.25) reported by VVos and Groen (1998), Buttchereit et
al. (2011), Jamrozik and Schaeffer (2012) and Negussie et al. (2013), respectively. In this study,
including previously mentioned studies, a large variation of genetic effect for TD-FPR was found. The
large differences of the heritability estimates for TD-FPR among the studies might due to the breed
differences and the different types of models and effects included in the estimation models.

The heritability of fertility traits (DTFS, DFLS, DO, Cl, NSPC, FSC and P90) were very low and
ranged from 0.02 to 0.05 as same as the ones found in the report of Kadarmideen et al. (2003) and Wall

et al. (2003).
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Table 4-2. Heritabilities® (on diagonal), genetic (above diagonal) and phenotypic (below diagonal)
correlations between TD-FPR and TD-MY for selected DIM; posterior standard deviations are in

parentheses
TD-MY at DIM TD-FPR at DIM
Traits® 5 65 125 185 245 305 365 5 65 125 185 245 305 365
TD-MY at DIM
5 031 08 078 078 077 072 068 005 002 -001 -002 002 -00L 002
(0.03) (0.02) (0.03) (0.03) (0.03) (0.03) (0.03) (0.07) (0.08) (0.08) (0.08) (0.08) (0.08) (0.07)
65 066 055 099 095 08 073 073 021 -029 -033 -035 -035 033 02
(0.01) (0.02) (0.00) (0.00) (0.00) (0.01) (0.01) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.04)
125 046 083 058 098 089 077 076 030 -038 -042 -043 -044 042 034
(0.01) (0.00) (0.02) (0.00) (0.00) (0.00) (0.01) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
185 039 073 08 056 096 087 084 033 -040 -042 -044 044 042 036
(0.01) (0.00) (0.00) (0.02) (0.00) (0.00) (0.01) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
245 037 057 068 080 049 097 091 032 -036 -037 -038 -038 -037 -033
(0.01) (0.00) (0.00) (0.00) (0.02) (0.00)  (0.00) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
305 035 044 053 067 079 047 096 030 -032 -032 -031 -032 032 -029
(0.01) (0.00) (0.00) (0.00) (0.00) (0.02)  (0.00) (0.04) (0.05) (0.05) (0.05) (0.04) (0.04) (0.04)
365 027 043 048 053 060 071 044 034  -037 -037 -037 -037 -036 032
(0.01) (0.00) (0.00) (0.00) (0.00) (0.00) (0.02) (0.05) (0.05) (0.05) (0.05) (0.05) (0.04) (0.04)
TD FPR at DIM
5 001  -0.04 -005 -0.05 -0.04 -0.04 -0.05 017 098 095 093 091 08 078
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.00) (0.01) (0.01) (0.01) (0.02) (0.03)
65 000 -0.06 -0.08 -0.08 -0.07 -006 -0.06 033 019 099 098 096 091 079
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01 (0.01) (0.00) (0.00) (0.01) (0.01) (0.01)
125 001 -007 009 -009 -008 -007 -0.07 024 032 019 099 098 093 078
0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.01) (0.00) (0.00) (0.00) (0.01)
185 001 -007 -010 -010 -0.09 -007 -0.06 018 028 034 019 099 095 083
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00)
245 000 -007 -009 -010 -0.08 -007 -0.06 014 025 031 034 018 098 063
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.00) (0.01) (0.00) (0.00)
305 001 -0.06 -008 -008 -007 006 -0.05 013 019 024 028 032 018 076
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00)
365 002 -003 -005 -0.06 -0.05 -004 -0.03 013 012 014 017 024 034 017
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01)

Estimates of heritabilities are from univariate analyses.
2TD-MY = test-day milk yield; TD-FPR = test-day milk fat-to-protein ratio.
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Genetic correlations between TD-FPR and TD-MY

Genetic and phenotypic correlations between TD-FPR and TD-MY for a specific DIM are shown
in Table 4-2. Genetic correlations between TD-MY during the different stages of lactation were all
positive, ranged from 0.68 to 0.99. The correlations of milk yield between consecutive days of
recording were higher when compared with those for the days that were far apart. The genetic
correlation of TD-FPR ranged from 0.63 to 0.99 with the trend similar to TD-MY correlations.

Daily genetic correlations among TD-MY and TD-FPR during early lactation were small but
positive (0.05) after that decrease to zero and negative estimates to the end of lactation ranged from -
0.44 to -0.29. Trend of the correlations in this study are similar to the results studied in Nordic Red
cattle (Negussie et al., 2013) and Canadian Holstein (Jamrozik and Schaeffer, 2012), which reported
higher positive genetic correlation between TD-MY and TD-FPR until 60 DIM and 40 DIM,
respectively. In addition, phenotypic correlations between two traits were the same trend as the genetic
correlations with lower values. The low positive genetic correlations between the two traits and
decreased to zero in early lactation indicated that this period is associated with an energy deficit in a
high-producing dairy cows, which have the tendency to mobilize body energy reserved to cope with the
high energy demand and hence leads to a relatively higher fat-to-protein ratio. However, most of Thai
dairy crossbred cows, raised in smallholders produced low milk production especially in peak lactation
together with proper management at farm level. These kind of cows may not face with NEB condition,
which confirmed by the nearly zero or negative genetic correlation between TD-MY and TD-FPR even
in early lactation. In the cows with excessive body tissue mobilization, coming out of NEB, may take up

to 20 weeks to regaining a positive energy balance status (Taylor et al., 2003).
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Genetic correlations between TD-MY and fertility traits

Genetic and phenotypic correlations between TD-MY and fertility traits are shown in Table 4-3.

Table 4-3. Heritabilities' of fertility trait, genetic and phenotypic correlations between TD-MY and
fertility traits for selected DIM; posterior standard deviations are in parentheses

Parameter Traits? DTFS DFLS DO Cl NSPC  FSC P90
Heritability 0.02 0.03 0.05 0.05 0.02 0.02 0.02
(0.01) (0.01) (0.02) (0.01) (0.02) (0.01) (0.03)
Genetic TD-MY at DIM
correlation
5 0.74 0.42 0.51 0.17 -0.45 0.62 0.29
(0.11) (0.17) (0.16) (0.13) (0.13) (0.10) (0.10)
65 0.68 0.39 0.45 0.16 -0.39 0.42 0.30
(0.13) (0.16) (0.16) (0.11) (0.11) (0.13) (0.13)
125 0.63 0.30 0.38 0.08 -0.43 0.42 0.35
(0.13) (0.17) (0.16) (0.11) (0.11) (0.14) (0.19)
185 0.59 0.19 0.30 -0.11  -0.55 0.53 0.44
(0.13) (0.17) (0.16) (0.11) (0.10) (0.14) (0.14)
245 0.56 0.08 0.23 -0.19  -0.70 0.67 0.54
(0.13) (0.17) (0.16) (0.10) (0.10) (0.14) (0.14)
305 0.60 0.09 0.26 -0.22  -0.79 0.77 0.63
(0.13) (0.17) (0.16) (0.10) (0.10) (0.14) (0.14)
365 0.79 0.35 0.52 0.00 -0.73 0.72 0.69
(0.12) (0.17) (0.16) (0.10) (0.09) (0.13) (0.13)
Phenotypic TD-MY at DIM
correlation
5 -0.12 0.02 0.01 0.01 0.00 0.01 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.01)
65 -0.12 0.03 0.02 0.02 0.01 0.00 -0.03
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
125 0.00 0.03 0.03 0.03 0.00 0.00 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
185 0.02 0.03 0.04 0.03 0.00 0.00 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
245 0.04 0.04 0.06 0.04 0.00 0.00 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
305 0.05 0.05 0.08 0.07 0.02 -0.02 004
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
365 0.04 0.04 0.10 0.10 0.06 -0.07  -0.08
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

'Estimates of heritabilities are from univariate analyses
’DTFS = days from calving to first service; DFLS = days between first and last service DO = days from calving to

successful conception; CI = calving interval; NSPC = number of service per conception; FSC = conception at first
service; Pregnancy within 90 after first service (P90); TD-MY = test-day milk yield
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The estimated correlations varied depending on the particular fertility trait and the stage of
lactation considered. Genetic correlations between TD-MY and interval fertility traits (DTFS, DFLS,
DO and CI) were mostly positive, ranged from -0.22 to 0.79, with the exception of correlation between
TD-MY and CI in mid to late lactation (185-365 d) which were negative values to zero. Genetic
correlations were moderate to high and favorable between TD-MY and ordinal or binary fertility traits
(NSPC, FSC, and P90). Genetic correlations between TD-MY and NSPC was all negative varied from -
0.79 to -0.39, whereas genetic correlations between TD-MY and FSC and between TD-MY and P90
were all positive, ranged from 0.42 to 0.77 and from 0.29 to 0.69. However, all phenotypic correlation
estimated were close to zero.

The unfavorable genetic correlation between TD-MY and DTFS, DFLS, DO and Cl indicated that
selection for increased milk production is associated with longer DTFS, DFLS, DO and Cl especially in
early lactation. The results are also in agree with most previous reports such as in upgraded dairy cattle
(Hoekstra et al., 1994), in Holstein (Dematawewa and Berger, 1998; Kadarmideen et al., 2000), in
Swedish red and white dairy cattle (Roxstrom et al., 2001) and in Irish dairy cattle (Evans et al., 2002).
Although DO and CI are almost the same traits, but genetic correlations between TD-MY and DO and
between TD-MY and CI are different value which are different from other studied. This might be
because of the different definition of the pregnancy period in different studies. However, this study has
found that the trend of genetic correlation of both traits (between TD-MY and DO and between TD-MY
and CI) from day 5 to 305 of DO and CI are about the same.

The negative genetic correlation between TD-MY and NSPC and positive genetic correlation
between TD-MY and FSC and P90 in this study result different from literatures that summarized by
Pryce et al. (2004). This result may be explained by the different of genetic base of Thai dairy crossbred
from dairy European dairy purebred, which implies that in Thai dairy crossbred population, genes that
positively affect milk production are likely to reduce number of service per conception and increase first

service conception and pregnancy within 90 d. However, the phenotypic correlation between TD-MY
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and these fertility traits were close to zero, implying that animals that produce more milk have not
associated with high NSPC or low FSC and P90. This relationship was, therefore, due to environment,
management, or non-additive genetic factors rather than genetic factors. In addition, in this study, most
of dairy farmers allowed the cows to be bred after 60 days postpartum which is in the after peak
lactation period, in accordance with extension officers’ advice. Hence, only one service to conceive was
expected. As a consequence, FSC is relatively high, leading to deceasing NSPC, especially in mid to
late lactation. However, some studies have reported no and low correlations between milk yield and

fertility (Raheja et al., 1989; Weller, 1989).

Genetic correlations between TD-FPR and fertility traits

Genetic and phenotypic correlations between TD-FPR and fertility traits are shown in Table 4-4.
The correlations between TD-FPR and fertility traits varied depending on the particular fertility trait and
the stage of lactation considered. In general, genetic correlations between TD-FPR and the most of
fertility traits (DFLS, DO, Cl, NSPC, FSC and P90) were moderate to high, ranged from -0.98 to 0.98
except for DTFS which were moderate negative values. The correlations in early lactation (5-65 DIM)
were higher than that found in mid to late lactation. These results indicate that cows with relatively
higher TD-FPR are the cows in NEB status. As a consequence, such cows tend to have longer in DFLS,
DO, and CI, higher NSPC and lower FSC and P90. This result is in accordance with many other studies
(Jorritsma et al., 2003; Buttchereit et al., 2010; Jamrozik and Schaeffer, 2012; Negussie et al., 2013)
which found that an antagonistic relationship exists between genetic for milk yield and reproduction,
causing by the increasing of NEB in early lactation.

However, the moderate negative genetic correlations between TD-FPR and DTFS (range from -
0.61 to -0.14) could indicated that cows with higher TD-FPR trend to have shorter DTFS. This result
contradicted to the theory and could be explained by the norm of practice. In Thailand most of dairy

farmers, which is smallholder allow the cows to be bred after 60 days postpartum in accordance with
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extension officer recommendation. Some farmers also believe that the cows should be bred after 90 day
postpartum to get higher pregnancy rate. So the voluntary waiting period (VWP) of Thai dairy
crossbred is around 60-90 days or more. As a result, there was confounded in measurement of the
DTFS.

The phenotypic correlations between TD-FPR and fertility traits were very low and all estimates
are in the same trend as genetic correlations.

Table 4-4. Heritability' of fertility trait, genetic and phenotypic correlations between TD-FPR and
fertility traits for selected DIM; posterior standard deviations are in parentheses

Parameter ~ Traits® DTFS DFLS DO  CI  NSPC FSC P90
Heritability 0.02 0.03 0.05 0.05 0.02 0.02 0.02
(0.01) (0.01) (0.02) (0.01) (0.02) (0.01) (0.03)
Genetic TD-FPR at DIM
correlation
5 -0.45 0.60 0.67 0.63 0.88 -0.86  -0.97
(0.16) (0.19) (0.10) (0.10) (0.07) (0.07) (0.07)
65 -0.53 0.63 0.53 0.55 0.96 -0.84  -0.93
(0.15) (0.14) (0.12) (0.10) (0.04) (0.07) (0.07)
125 -0.58 0.63 0.44 0.50 0.97 -0.81  -0.87
(0.15) (0.13) (0.12) (0.11) (0.03) (0.07) (0.07)
185 -0.61 0.61 0.39 0.47 0.98 -0.83  -0.85
(0.15) (0.12) (0.13) (0.11) (0.03) (0.07) (0.07)
245 -0.60 0.56 0.37 0.44 0.97 -0.87 -0.86
(0.15) (0.12) (0.13) (0.11) (0.03) (0.07) (0.07)
305 -0.41 0.46 0.37 0.42 0.93 -094  -0.89
(0.15) (0.12) (0.13) (0.12) (0.03) (0.06) (0.07)
365 -0.14 0.28 0.38 0.35 0.82 -0.98  -0.90

(0.15) (0.12) (0.13) (0.12) (0.03) (0.06) (0.07)
Phenotypic TD-FPR at DIM

correlation

5 0.02 0.03 0.04 0.04 0.03 -0.02 -0.04
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

65 0.01 0.02 0.03 0.03 0.02 -0.02 -0.03
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

125 0.00 0.02 0.01 0.01 0.02 -0.01 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

185 -0.00 0.01 0.01 0.01 0.02 -0.01 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

245 -0.01 0.01 0.01 0.01 0.02 -0.01 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

305 -0.01 0.02 0.01 0.01 0.02 -0.02 -0.03
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

365 -0.00 0.02 0.02 0.02 0.02 -0.03 -0.04

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
'Estimates of heritabilities are from univariate analyses.
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’DTFS = days from calving to first service; DFLS = days between first and last service DO = days from calving to
successful conception; Cl = calving interval; NSPC = number of service per conception; FSC = conception at first
service; Pregnancy within 90 after first service (P90); TD-FPR = test-day milk fat-to-protein ratio.

CONCLUSION

Based on the moderate to high antagonistic correlations between TD-FPR and fertility traits and
between TD-MY and fertility traits, as well as, the positive correlation in early lactation between TD-
MY and TD-FPR indicated that selection for lower fat-to-protein ratio would decrease NSPC, and
increase FSC and P90. In addition, cow selection based only on high milk production has strong effects
to prolong DTFS, DO and CI. On the other hand, a very low TD-FPR is known to be an indicator for the
subclinical rumen acidosis. Therefore, TD-FPR may be a useful trait for selection to improve fertility
and yields traits of Thai dairy crossbred by including optimum value of TD-FPR in breeding program
with an appropriate economic weights. However, inclusion of TD-FPR in breeding programs in Thai
dairy cattle at the current state of knowledge might be premature. Further studies should be conducted

to get the suitable range of TD-FPR in Thai dairy crossbred population.
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INTRODUCTION

The incidence of health and fertility problems in tropical area including Thailand has an important
impact on the overall profitability of dairy cattle industry. Low fertility results in higher insemination,
labor and veterinary costs, decrease of milk production (fewer progeny born), slippage in dairy pattern,
less intensive selection and increase replacement rate due to involuntary culling (Hodel et al., 1995;
Roche, 2006).

The dairy cattle in Thailand have been developed through the national sire selection and Al mating
program since 1956, focusing on milk production (Buaban et al., 2015). Upgrading Thai native cattle by
purebred HF frozen semen as the predominant breed according to the size and milk production that
considered being suited to local marketing system and socio-economic conditions of Thailand was
practiced. Currently, the majority of the dairy population are >75% HF blood (Department of Livestock
Development, 2015). The gene fraction of HF varies widely even within farms. The continued selection
for increased milk yield has induced a decrease in fertility performance (Pryce and Veerkamp, 2001)
because of the antagonistic genetic relationship between milk yield and fertility traits (Roxstrom et al.,
2001; Liu et al., 2008). Therefore, an inclusion of the fertility traits in the breeding goal is considered to
be necessary to optimize the genetic improvement of dairy cattle in Thailand.

The traits used in measuring fertility range from binary (discrete) responses, to continuous traits;
such as days (from calving) to first service, days between first and last service, number of services per
conception, non-return rate within 56 days after first service, success at first insemination, calving
interval, and days open (Jorjani, 2007; Abe et al., 2009; Sun et al., 2009b). Although several traits are
being used for genetic evaluation of fertility, binary responses such as the outcome of an insemination
event seems to be the trait of choice; as it is conveniently measured, and taken in early to mid-stages of
lactation. Recently, the outcome of first insemination (first conception rate), has been commonly

evaluated. However, only a single record per cow within lactation is used. Thus, additional breeding
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records of cows having more than one insemination are not considered, and have led to information
loss. The use of the random regression model (RRM) allows us to analyze the outcome of an
insemination event (CR) along the stage of lactation. Averill et al. (2004) proposed RP-THM in first
lactation, where all insemination events of a cow in a breeding season were considered as repeated
observation. Averill et al. (2006) extended their initial study via a random coefficient-based model.
Tsuruta et al. (2009) used bivariate analysis of conception rates and test-day milk yields in Holsteins
using a RR-THM. Their model showed the probability of conception rate as a function of the shape of
the lactation curve and the relationships among various days in milk production. An additional
advantage of RRM is the joint accountability of service sire and female fertility for all insemination
events along the breeding period, which provided greater accuracy in predicting breeding values at any
point along lactation.

Nevertheless, knowledge of these performances in dairy cattle within a tropical zone had not been
reported. The objectives of this study, therefore, were 1) to estimate genetic parameters and breeding
values for CR using RP-THM and RR-THM, and 2) to implement and compare different random
coefficient functions for modeling the additive genetic and permanent environmental effects in a RR-
THM. As a case study, longitudinal binary fertility traits of Thai dairy cows were analyzed using Al

data from the national recording database.

MATERIALS AND METHODS

Data and trait definitions

First parity service records of both pregnant and non-pregnant Thai dairy cows, calving between
1996 and 2011, were obtained from the dairy cattle database of the Bureau of Biotechnology for
Livestock Production (BBLP), DLD, Thailand. The fertility data, defined as the outcome of all

insemination events, characterized a successful service conception event with ‘1’ and an unsuccessful
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service conception event with ‘0. Pregnant status was confirmed either by pregnancy check or by
identifying the next calving date. Non pregnant cows that had insemination events within an opportunity
period between 20 and 365 days after calving were used. Cows with inconsistent identification, having
more than one successful insemination per lactation, or an unrealistic interval between consecutive
inseminations were removed. In addition, they were from a herd-year of insemination subclass, with at
least one complete fertility contemporary record. The days to first service were between 20 and 250
days; and age at first calving, between 18 and 48 months. All cows had mated sire identification.

The final data set consisted of a total of 55,789 cows with 130,592 service records, averaging 2.34
inseminations per cow, 997 Al service sires, and 28,360 herd-year contemporary groups. The average
for the number of inseminations per service sire was 131.

A pedigree file was constructed by tracing back three generations of ancestors, included 108,982
individuals. Breed groups of cows were classified into 4 classes considering percentage of Holstein
blood: <81.25%, 81.25 to 87.49%, 87.50 to 93.74%, and > 93.75%. Age at first calving was classified
into seven classes with three month intervals, with <25 months as the first class, and >39 months as the
last class. The day in milk to insemination (DIM) class had 16 classes with 21 day intervals (estrus
cycle). The first class was 20-50 and the last was 345-365. A more detailed description of the data is

presented in Table 5-1.

Statistical analysis

In this study, the outcome of an insemination event (referred to as the conception rate, or CR) is
defined as a binary trait when estimating parameters using the following model: 1) RP-THM, and 2)
RR-THM. In RP-THM, the outcomes of inseminations after calving during the breeding period were
considered as repeated observations, therefore the animal's additive genetic effects (AG), the permanent
environmental effects (PE), and residual effects were modeled constant. For RR-THM, the basic

underlying idea consists of modeling the AG (or other random effects in the model) as a function of an
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observed dependent variable (i.e., DIM) through a set of random coefficients. The equation for

analyzing all models was written as such:

l=Xp+Zyh+Z,a+Z,p+Zss+e

where I is a vector of unobserved liabilities for service records from a binary outcome of
insemination events (1 = success or 0 = failure); B is a vector of fixed effects (year-month of
insemination, breed x DIM class and age at calving); h is a vector of the contemporary groups (CG)
random effects, defined as the effects of the herd-year of insemination; a is a vector of random AG for
all animals in the pedigree [for RR-THM, a random regression curve was modeled by the second-order
(RR-L2-THM), the third-order (RR-L3-THM), and the fourth-order (RR-L4-THM) of Legendre
polynomials]; p is a vector of random PE for all animals with records (for RR-THM, a random
regression curve was modeled in the same way as AG); s is a vector of random service sire effects; e is
a vector of random residual effects; X is the incidence matrix for fixed effects; and Zy, , Z,, Z,,, and Z;

are the incidence matrices for random effects. The covariance structures were assumed as:

p [ 0 0 0 0]
[a] 0 462 0 o0 0|
Var|p|=| 0 0 I O 0 I, for the RP-THM
H 0 0 0 Is? o]
e o o o o0 Io2l
[I07 0 0 0 0]
h
lal 1o 6,402 0 0 o
Var 159 =10 0 P0®I 0 ol for the RR-THM
l.] |0 0 0 Is2 0
0 0 0 0 IoZl
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where A is the additive relationship matrix among animals, | is the identity matrix, ® js a
Kronecker product, G, and P, are covariance matrices of random regression coefficients for AG and
PE effects, respectively; and o,0Z,05, o and oZ are herd-year, additive genetic, permanent
environment, service sire, and residual variances, respectively. The reason for using herd-year as the
random effect, instead of herd-year-month as CG was due to the small number of records in the CG and,
consequently, the large number of classes containing all successes or failures.

The jth normalized Legendre polynomial, P; is calculated as Kirkpatrick et al. (1990) with the

— L/ o
o= L S o (O e
m=0

where j is the order of the polynomial, m is an index number needed to determine the j*

following formula:

polynomial, and ¢t is the standardized day in milk to insemination, with values ranging from -1 to 1. The

standardized day in milk to insemination were computed as

ti — tmin >

tmax — tmin

t=—1+2(

where t,,;, and t,,q, are the earliest and latest day in milk to insemination represented in data

(tmin = 20, tyax = 365).

Computation of (co) variance components
Estimates of (co) variance components were calculated by a Bayesian implementation via Gibbs
sampling. Computations were carried out using the program THRGIBBS1F90 (Tsuruta and Misztal,

2006). Uniform prior distribution was assumed for each location parameter and variance component.
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The number of iterations was set to 300,000. The first 30,000 samples were discarded as burn-in, and
every 10" sample was kept thereafter. Post-Gibbs analysis by the POSTGIBBSF90 (Tsuruta and
Misztal, 2006) program was conducted to obtain posterior distribution statistics for verification of the
parameter estimates. All parameter estimates for CR were on a liability scale.

For model that used random regression curve with Legendre polynomials, the genetic
(co)variance, on the liability scale, between success and failure of inseminations at times ¢; and ¢; is

given by

9(tit;) = 2(t)Goz(t;) ,

where G, is matrix of genetic variance between random regression coefficients, z(¢;) and z(¢;) are
the vectors of covariates evaluated at times ¢; and ¢; from the sub-model fitted to the AG effect (the
second-, third-, and fourth-order of Legendre polynomials).The same procedure was applied to the PE
effect.

Heritability (h?) and repeatability (R,) on the liability scale at time t were defined as

&

2 = 22,24 -
ht - O'ﬁ+o‘§+o'§+g-sz+1 ! for RP THM
2 Z(t)’Goz(t) i
ht - 0'}2[+é(t)GOZ(t)+i(t)POZ(t)+o§+1 ’ for RR-THM
___ gitop )
Rt - O'ﬁ+o’§+o';+o-sz+1 ! for RP THM
R, = D GuxOHOPO for RR-THM

05 +2(£)Goz(D)+2(t)Poz(t)+o2+1

Correlations on the liability scale between times i and j for RP-THM and RR-THM were
computed as the ratio of the covariance to the square root of the products of the variances of time i and

time j.
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7 (tity) = <2l for RP-THM

Oa,.0a, .

7 (tit)) = #e6o(1) , for RR-THM
\/i(ti)Go 2(t)*2(t;)Goz(t )

where cov(t; t;) are the genetic covariance between success and failure of inseminations at times

t;and t;, and 67, , 64, are the genetic variance of the success and failure of inseminations at times ¢; and
3 J

times ¢;, respectively.

Breeding value estimation

For the estimation of best linear unbiased prediction (BLUP) breeding values (EBV) were solved
by BLUPF90 (Misztal et al., 2014) with the posterior means of (co) variance components at their
estimated values. Solutions for AG effects can be used to form EBV corresponding to service day after
calving (DIM). Thus, the EBV for animal i was calculated as follow:

Under RP-THM, it provides a single estimate of the additive genetic effect of an animal (&;) that is
constant for a whole lactation. Consequently, the breeding value in any service day after calving

(Urp—tm) is equal to the AG effect obtained on a daily basis:
EBVgp_tum = @,

Under RR-THM, function of solutions is the EBV for the random regression coefficients (G ),
which are not very useful for ranking or selecting animals. Therefore it should be calculate EBV for
each animal by method of Jamrozik and Schaeffer (1997). An EBV in service day after calving
(D¢,), EBVgr_ruuy, IS Obtained by summing the EBV for each DIM. That is

EBVrr-tum = Dti )

Dy, = G (t,).
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Model comparison

The models were compared by using 3 criteria: 1) measure goodness of fit (GOF), 2) test of
predictive ability (PA) for random set of observations, and 3) test of the predicted results of animal
(PRA). The GOF and PA were tested as Matos et al. (1997a).

The GOF for different models were compared in terms of the mean squared error statistic (MSE)
and the empirical correlation (p) between the observed and predicted value. The model with the lowest
MSE and high correlation were assumed to give the best fit.

The mean squared error statistic was defined as:

N

MSE = ii()’zj —}7ij)2/§: . nij

i=1j=1 i=1j=1

where y;; is a observed value and ¥;; is a predicted value of animal i at service day j after calving
(DIM) , n;;are the number of observations, m is number of animals, s is number of service day, written

as:

. :{1 if 1-0(l;;)>05

0 otherwise

where @(.) is the cumulative standard normal distribution of Zij and Zij is obtained from:
l=XB+Zyh+Z,a+Z,p+Zs8

where 1 are predicted liability values of 1 described in above section. In RP-THM, a;; and p;; of
animal i were constant across DIM until service day j after calving. In RR-THM, the covariate functions

of Legendre polynomials were included in the liability prediction equation, therefore, @;; and p;; of
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animal i were calculated as BV and PE along DIM function until service day j after calving. The

cumulative normal distribution was defined as:

@(f):%jexp{—%(t—y)z}dt

To assess PA in this study, the whole data set was reduced randomly into a half. This procedure
would be repeated ten times. Then, fixed and random effects from any reduced data set were estimated
base on the variance estimates of the whole data set with different model. The predictive distributions
were conditional on the variance estimates, and the whole data set was used because estimates obtained
from any reduced data set would have been unreliable. To compare the agreement between the predicted
value from reduced data set and the observed value from whole data set, the MSE and the correlation
statistics were used to measure in a similar fashion as goodness of fit. Average for MSE and correlations
were calculated from the ten partitioned data sets for each model.

To assess PRA in this study, the reliability (R?) of predicted result conception of animal at
different DIM (60, 90, 120, 150 and 180) in different models (RP-THM and RR-THM) from the whole
data set were compared the agreement by considering in term of each animal.

The reliability was defined as

R?=1- MSE
RESULTS AND DISCUSSION

Data description
The means of CR at first, second, third and subsequent services, and total services are shown in

Table 5-1. The overall CR is 33.45%, and the average numbers of services per cow was 2.34 (130,592
records/5, 5789 cows). The intervals from first to second, and from second to third insemination were

47.32+37.94 and 41.77+31.37 days; similar to the Holstein population in New York State (Tsuruta et
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al., 2009). The long estrous cycle found in this study may be explained through breeding management,
such as timed Al programs for convenience, low or erroneous heat detection, or expression.

Table 5-1. A descriptive summary of the edited data

Number of records

Item Total 1% service 2" service > 3% service
Cows 55,789

Service Sires 997

Records 130,592 54,083 33105 43404
Successful 43,679 17,916 11,867 13,896
Failed 86,913 36,167 21,238 29,508
Conception rate* (%) 33.4 33.1 35.8 32.0

‘the proportion of successful services to the total number of services
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Figure 5-1. Distribution of phenotypic cow conception rates (broken line) defined as the percentage of
success insemination by DIM classes in Thai dairy cattle. The column indicate the number of
observations in each DIM class.

Distribution of records by DIM-classes and phenotypic CR over DIM are shown in Figure 5-1.

The number of observations was extremely low where DIM were below 51 and above 260. The CR
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showed an obvious increase from DIM class 177-197 to the last class, DIM 345-365. This may be due
to the fact that most small Thai dairy farmers were instructed by the Al officers that, in order to achieve
successful breeding within a single insemination, their cows should be bred after 60 days postpartum;

which is after the peak lactation period. Hence, only one service to conceive was expected.

Variance components and parameters

The posterior mean and standard deviation of (co)variance components, heritability, and
repeatability for CR from 20 to 365 DIM using different models, are shown in Table 5-2.
Table 5-2. Averages of posterior means and SD (in parenthesis) of variance components and heritability

and repeatability for conception rate (CR) along 20 to 365 days to insemination after calving for Thai
dairy cattle

Model*
Parameters® RP-THM RR-L2-THM RR-L3-THM RR-L4-THM
o2 0.066 (0.010) _ 0.058 (0.016) 0.079 (0.042) 0.098 (0.079)
o2 0.012 (0.007)  0.110 (0.068) 0.128 (0.107) 0.172 (0.194)
o2 0.092 (0.005)  0.094 (0.005) 0.096 (0.006) 0.097 (0.006)
o2 0.012 (0.002)  0.012 (0.002) 0.012 (0.002) 0.013 (0.002)
o2 1.002 (0.006)  1.002 (0.006) 1.002 (0.006) 1.002 (0.006)
h? 0.056 (0.010) 0.045 (0.012) 0.058 (0.024) 0.065 (0.032)
R 0.070 (0.009)  0.129 (0.047) 0.150 (0.073) 0.175 (0.110)

62 = the additive genetic variance; o= permanent environmental variance; o7 = herd x year of service variance;
a2 = service variance; 2 = residual variance; h? = heritability; and R = repeatability.

’RP-THM = repeatability model; and RR-L2-THM, RR-L3-THM and RR-L4-THM = random regression with the
second-, third-, and fourth-order of Legendre polynomials, respectively.

AG variances were in a range of 0.066-0.098 (0.066, 0.058, 0.079, and 0.098 for RP-THM, RR-
L2-THM, RR-L3-THM, and RR-L4-THM; respectively). PE variances of RR-THM with the second-to
fourth-order Legendre polynomials were in a range of 0.110 to 0.172, which is almost twice that of the
AG variance. Notice that in this study, the RR-THM gave a higher estimate of PE variance than RP-
THM. Therefore, repeatability in all RR-THM for CR was higher than that in RP-THM. Herd-year
variance of RR-THM are also higher than RP-THM. Although AG variances estimated from all models

were not much different, the RRM was more precise in PE variance estimates, due to the adjustment of
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the environmental effects, given the expected change over time on the day of service. This led to
improved accuracy of the genetic evaluation of the reproductive performance of cows (Averill et al.,
2004). Service sire and residual variances were not different among all models.

The average heritability estimates for CR in RR-L3-THM (0.058) and RR-L4-THM (0.065) were
slightly higher than that in RP-THM (0.056).These heritability estimates were close to 0.058, reported
by Averill et al. (2006) using RRM with the Ali and Schaeffer function (Ali and Schaeffer, 1987).
However, they proved higher than the 0.024 calculated by Weller and Ron (1992), the 0.028 reported by
Averill et al. (2004) using RP-THM, the 0.032 presented by Averill et al. (2006) using RRM with a
quadratic linear function, and the 0.032 estimated by Kawahara et al. (2010) using RP-THM. However,
it should be kept in mind that a comparison of heritability across literary reports is difficult to gauge,
due to the different trait definitions and different models applied; as well as to the genetic origin of the
dairy cattle used in the studies.

The course of AG and PE variance for insemination outcome (CR) as a function of time (DIM)
using RR-THM with random coefficient of the second-, third- and fourth-order of Legendre
polynomials and RP-THM, are shown in Figure 5-2 (a) and (b). The variations of heritability and
repeatability are shown in Figures 5-2 (c) and (d). For RR-L3-THM and RR-L4-THM, the courses of
posterior means of additive genetic variances were similar in pattern, which quite high in the beginning
and later phases, and slightly stable in the middle intervals; whereas the results were found to be flat in
RR-L2-THM. However, the courses of posterior means of PE variances of all models were also similar
in pattern except RP-THM, which decreased continuously from day 20 to approximately day80 after
calving and increased continuously to the end of lactation. The change over time in heritability of the
CR indicated a trend similar to the AG variance, whereas the repeatability trends were similar to the
pattern of PE variance. Heritability ranged from 0.032 to 0.067, from 0.037 to 0.165, and from 0.045 to
0.218; whereas repeatability ranged from 0.060 to 0.259, from 0.073 to 0.407, and from 0.078 to 0.579;

for RR-L2-THM, RR-L3-THM, and RR-L4-THM, respectively. The heritability and repeatability
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estimates of CR for RP-THM were constant thorough the trajectory of curve, at 0.056 and 0.070,

respectively.
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Figure 5-2. Additive variance (a), permanent environmental variance (b), heritability (c), and
repeatability (d) of conception rate using RP-THM (- — -) and RR-THM as a function of time with the
second- (------ ), third- (.......) and fourth- (——) order of Legendre polynomials.

The heritability found in this study was in the range of estimates reported by Tsuruta et al. (2009)
using the second-order of Legendre polynomials, by Averill et al. (2006) using quadratic linear function
(0.03-0.04), and the Ali and Schaeffer function (0.03-0.07), and Briigemann et al. (2013) using the
third-order of Legendre polynomials as a function of thermal humidity index (THI) (<0.05); though
slightly higher. This difference may be explained by the difference of structure and order of covariance

function models.
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The higher heritability for CR at the extreme ends of the DIM scale may be attributed to several
reasons. First, random regression models are sensitive when a complex covariance function is estimated
from a limited number of observations (Jamrozik and Schaeffer, 1997; Yin et al., 2012; Gernand et al.,
2013). In this study, the higher heritability at DIM<50 and DIM>320 might be affected by a low
number of observations (Figure. 5-1). Second, is the nature of the Legendre function, which is likely to
affect both the beginning and end of the curve. Third, changes are based on the genetic background and
mechanism of gene expression. Generally, for production traits, phenotypic expression of the genetic
potential was hampered in harsh environments. Briigemann et al. (2012) applied RR-THM, and found
the tendency for decreasing AG variances and heritability for protein yield with increasing heat stress
levels.

In CR evaluation, the consequence of higher heritability and AG variance at the end of lactation is
somehow less significant because we generally considered evaluating the CR genetics of cows during
early to mid-stages of lactation after calving. Opposite to milk yield or milk composition evaluation, the

EBV was usually estimated from the whole area under the curve for genetic comparisons.

Correlations

The genetic and phenotypic correlations for CR at different time points are shown in Table 5-3 and
Figure 5-3. The correlations between points of time after calving changed with the different order of
Legendre polynomials. A decrease in correlations was found when the order increased. The high genetic
correlations among time points were found until 170 days after calving for all RR-THM. These results
were different from research of Tsuruta et al. (2009) which the correlation among CR at different DIM
were close to zero or even negative when the distance was 100 days or larger. The genetic correlation of
conception after calving seemed to decrease after 170 days. This may indicate that various gene control

CR in different stage of lactation. However, the strong correlation among earlier days of service after

99



calving suggests that the genetic ability of conception should be evaluated within that time frame. Based

on EBV, therefore, animals could be differentiated for selecting or culling with greater accuracy.

Table 5-3. Posterior means of genetic correlations (above the diagonal) and phenotypic correlations
(below the diagonal) between specific time points using RR-THM with the second-, third-, and fourth-
order of Legendre polynomials

Time points, d 50 110 170 230 290 350
RR-L2-THM™ e
50 - 0.98 0.96 0.91 0.80 0.60
110 0.05 - 0.99 0.95 0.81 0.57
170 -0.01 0.06 - 0.98 0.85 0.61
230 -0.04 0.05 0.11 - 0.94 0.76
290 -0.03 0.04 0.09 0.13 - 0.93
350 0.01 0.02 0.04 0.08 0.14 -
=Y B T o] ] ———
50 - 0.76 0.73 0.81 0.77 0.49
110 0.02 - 0.98 0.83 0.70 0.68
170 -0.04 0.07 - 0.91 0.75 0.64
230 -0.04 0.05 0.10 - 0.91 0.60
290 0.00 0.04 0.08 0.12 - 0.79
350 0.03 0.07 0.08 0.09 0.15 -
RR-LA-THM®-memmmmmeeeeee
50 - 0.65 0.69 0.77 0.46 0.09
110 0.01 - 0.88 0.82 0.72 0.44
170 -0.02 0.06 - 0.91 0.56 0.54
230 -0.02 0.04 0.11 - 0.77 0.36
290 -0.04 0.05 0.07 0.12 - 0.35
350 -0.08 0.03 0.09 0.07 0.09 -

'SD of genetic correlations ranged from 0.002 to 0.070; SD of phenotypic correlations ranged from 0.009 to 0.026.
’SD of genetic correlations ranged from 0.003 to 0.172; SD of phenotypic correlations ranged from 0.010 to 0.033.
3SD of genetic correlations ranged from 0.006 to 0.164; SD of phenotypic correlations ranged from 0.009 to 0.030.
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Figure 5-3. The genetic correlation among day 50 to 350 after calving using the second- (a), third-

and fourth- (c) order of Legendre polynomials.
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Model selection criteria

GOF statistics and the PA results of the different models are presented in Table 5-4. In general,
GOF of RP-THM was poorer, in terms of both MSE and correlations between predicted and observed
values, than that of RR-THM. Within the RR-THM, a slightly increasing value of GOF was found as
the order polynomial for the AG and PE effect increase. This confirmed that high order of Legendre
polynomials were more efficient in fitting model. These results were in agreement with the results
presented by Brotherstone et al. (2000), Lopez-Romero and Carabano (2003) and Albuquerque and
Meyer (2005), studied in milk production traits.

PA results, in terms of MSE and correlations between observed and predicted values from full and
reduced data set of the models showed the same trend as GOF analysis.

Table 5-4. Statistics for goodness of fit (GOF) and the predictive ability (PA) results of the different
models (RR_THM with the second-, third- and fourth-order of Legendre polynomials and RP_THM

Covariance GOF PA
Model® structure MSE Pys MSE Pys
RR-L2-THM 3x3 0.23 0.57 0.25 0.49
RR-L3-THM 4x4 0.22 0.59 0.24 0.51
RR-L4-THM 5x5 0.21 0.61 0.23 0.52
RP-THM 1x1 0.27 0.48 0.27 0.45

'RP-THM = repeatability model; and RR-L2-THM, RR-L3-THM and RR-L4-THM = random regression with the
second-, third-, and fourth-order of Legendre polynomials, respectively.

“correlation between the observed and the predicted value.

Scorrelation between the observed from the whole data set and predicted value from the reduced data set.

The PRA from the different models at day 60, 90, 120, 150 and 180 after calving (DIM) in term of
reliability are shown in Table 5-5. Reliabilities were calculated from the observed and predicted values
of animals in the whole data set. The PRA from the predicted service result at day 60 to day 180 using
RR-THM were higher than that of RP-THM. However, the PRA tentatively decreased when DIM
increased from day 60 to day 180; due to the more numerous environmental effects involved in the

services. Within the RR-THM at all DIM, a decreasing trend of PRA was also found when the order
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decrease except the second- and third-order of day 60 and the third- and fourth-order of day180 with

values were similar. This pattern is in agreement with the pattern of GOF and PA analysis.

Table 5-5. Reliability of the predicted service results of animals (PRA) from RR-THM and RP-THM at
day 60, 90, 120, 150 and 180 after calving

Covariance

Model* structure D60 D90 D120 D150 D180
RR-L2-THM 3x3 0.98 0.90 0.85 0.83 0.82
RR-L3-THM 4x4 0.98 0.91 0.86 0.84 0.84
RR-L4-THM 5x5 0.99 0.92 0.87 0.85 0.84
RP-THM Ix1 0.96 0.87 0.83 0.81 0.80

'RP-THM = repeatability model; and RR-L2-THM, RR-L3-THM and RR-L4-THM = Random regression with the
second-, third-, and fourth-order of Legendre polynomials, respectively.

Based on GOF, PA and PRA criteria showed that the MSE, correlations and R? accordingly, RR-
THM was better than RP-THM. The best model was RR-L4-THM. However, when consider only RR-
THM together with the heritability of different DIM (Figure 5-2 (c)) and correlations among day 50 to
day 350 (Figure 5-3), the RR-L2-THM was recommended according to the smoothing plot and non-

oscillation of heritability and genetic correlation with slightly different of GOF, PA, PRA to RR-L4-

THM.
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CONCLUSION

A longitudinal analysis in this study allows for the inclusion of breeding information over a
specific period with threshold model. The repeatability model and random regression models having
different parameter functions were compared. The application of an RRM for binary longitudinal data
using a time dependent covariate accounts for the variation in genetic variance for outcome of
insemination events over time, as well as the order in which they were used, potentially leading to more
precise estimates and more realistic modeling compared with the repeatability model. This comparison
was also proved based on goodness of fit, predictive ability and the predicted results of animal.
However, a higher order of Legendre polynomials of the random regression model with a limited
amount of data maybe the main reason of upward bias of AG, PE variance, and heritability in the
extreme ends of the DIM-scale. Estimates of heritability using the third- and fourth-order of Legendre
polynomials were upwardly biased in comparison to those expected for fertility traits; especially at the
end of the lactation. Moreover, higher orders of polynomials require higher capacity and take time in
analysis. Estimates of genetic parameters from all models studied here indicated the possibility that
reproductive performance can be genetically improved through selection using the second-order of

Legendre polynomials.
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Chapter VI

General conclusion and recommendation

The overall objective of this dissertation was to study the genetic evaluation of female fertility
traits of Thai dairy cattle by applying appropriate methodology and introducing it into Thailand national
genetic evaluation. The dissertation carried out different studies on the various aspects of fertility in
dairy cattle under tropical conditions. The studied population was Thai dairy cattle, which were
crossbred of Bos indicus, such as Sahiwal, Brahman, and Thai Native cattle upgraded by Holstein
Frisian (HF), raised in a smallholder system all over Thailand. Different aspects and concerns were
focused in the female fertility analysis.

The first step, the investigated fertility traits were defined as ordered categorical, binary traits and
continuous traits (time interval traits). These traits included the following: age at first service (AFS),
age at first calving (AFC), days from calving to first service (DTFS), days between first and last service
(DFLS), days open (DO), calving interval (CI), number of services per conception (NSPC) and
conception at first service (FSC). In addition, fertility measures were considered as different traits if
they were taken over the different parities. We defined heifer fertility traits, primiparous cow fertility
traits, and multiparous cow fertility traits. Genetic parameters were estimated for these traits providing
an indication of the expected response to selection in dairy herds. Gibbs sampling was employed to
obtain (co)variance components using both univariate and bivariate analyses with linear and threshold
animal models. Results showed that, virgin heifers had better fertility performance than primiparous and
multiparous cows. The reproductive performance in primiparous cows was inferior compared with
multiparous cows. Cows with higher HF blood showed lower reproductive efficiency. Heritability
estimates for most of the fertility traits were 0.04 or less except for AFS (0.26) and AFC (0.25). The
estimated genetic correlations among fertility traits within parity indicated that selection for cows with

high conception rate could lead to shortened DO and Cl, as well as DTFS. The FSC and NSPC could be



used as the best indicators for heifer and cow fertility and could be complemented by other traits such as
DTFS and DFLS in terms of a fertility index. This would enable efficient selection programs for better
fertility. Genetic correlations for fertility traits in primiparous and multiparous cows were very high
(>0.90), but those between heifers and cows were lower (0.03 to 0.83). The latter results indicated that
fertility traits of heifers and cows should be considered as different traits.

The second step, the test-day milk fat-to-protein ratio (TD-FPR) could serve as a measure of the
energy balance status and might be used as a criterion to improve metabolic stability and fertility
through genetic selection. Therefore, genetic parameters for fertility traits, test-day milk yield (TD-MY)
and TD-FPR, as well as, their relationships during different stages of lactation were estimated. Gibbs
sampling algorithms were implemented to obtain (co)variance components using both univariate linear
and threshold animal models and bivariate linear-linear and linear-threshold animal models with random
regression. Average TD-MY and TD-FPR were 12.60 and 1.15. Heritability estimates for TD-MY, TD-
FPR and selected fertility traits ranged from 0.31 to 0.58, 0.17 to 0.19 and 0.02 to 0.05 respectively. The
moderate to high antagonistic correlations between TD-FPR and fertility traits and between TD-MY and
fertility traits, as well as, the positive correlation in early lactation between TD-MY and TD-FPR
indicated that selection for lower fat-to-protein ratio would decrease NSPC, and increase FSC and
pregnancy within 90 days after the first service (P90). In addition, cow selection based only on high
milk production has strong effects to prolong DTFS, DO and CI. On the other hand, a very low TD-FPR
is known to be an indicator for the subclinical rumen acidosis. Therefore, TD-FPR may be a useful trait
for selection to improve fertility and yields traits of Thai dairy crossbred by including optimum value of
TD-FPR in breeding program with an appropriate economic weights.

The third step, the investigated fertility traits were defined as the longitudinal binary responses
such as the outcome of an insemination (call conception rate, CR). A longitudinal analysis in this study
allows for the inclusion of breeding information over a specific period with threshold model. The

repeatability model and random regression models (RRM) having different parameter functions were
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compared. The application of an RRM for binary longitudinal data using a time dependent covariate
accounts for the variation in genetic variance for outcome of insemination events over time, as well as
the order in which they were used, potentially leading to more precise estimates and more realistic
modeling compared with the repeatability model. Heritability estimates of CR ranged from 0.032 to
0.067, 0.037 to 0.165, and 0.045 to 0.218 for RR-THM with the second, third, and fourth-order of
Legendre polynomials, respectively. The heritability estimated from RP-THM was 0.056. Model
comparisons based on goodness of fit, predictive abilities, predicted service results of animal, and
pattern of genetic parameter estimates, indicated that the model which fit the desired outcome of
insemination was the RR-THM with two regression coefficients.

In these studies, there were also some major different results which has never been identified of
heifers and cows in tropical conditions from those in temperate climate such as the mean of AFS was
higher than those in temperate condition. Also the reproductive performance in primiparous cows was
inferior compared with multiparous cows. The longer AFS in Thai dairy cattle could be due to the
environmental condition, particularly feeding level. The latter might be due to the norm of practice of
small dairy farmers in Thailand who traditionally raise their female calves, heifers, and pregnant heifers
less intensively than cows providing income at the moment. Consequently, these animals are always
neglected under improper nutrition management. In addition, the mean of FPR in this study was a little
bit lower than the range showed in the literatures which infer that Thai dairy crossbred cows may be
subjected to subclinical rumen acidosis due to daily feed ration is based heavily on concentrates,
especially in winter and summer. The time that roughage shortage happened every year and most of the
farmers tried to solve the problem by using higher proportion of commercial mixed ration instead.

In conclusion, female fertility is a complex set of traits, confounded with each other, strongly
influenced by data quality and affected by both genetic and environmental factors. Although heritability
estimates are low, ranging from 1% for FSC and DFLS in heifers to 26% for age at first service,

additive genetic variation still exists. It seems to be difficult for selection of this trait but it is possible.
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Genetic correlations between different fertility traits indicate that there is not likely a single
characteristic that would serve well for selection purposes. Selection for cows with high conception rate
could lead to shortened DO and Cl, as well as DTFS. The FSC and NSPC could be used as the best
indicators for heifer and cow fertility and could be complemented by other traits such as DTFS and
DFLS in terms of a fertility index. This would enable efficient selection for better fertility. Fertility
traits of heifers and cows should be considered as different traits. The moderate to high antagonistic
correlations between TD-FPR and fertility traits and between TD-MY and fertility traits, as well as, the
positive correlation in early lactation between TD-MY and TD-FPR indicated that selection for lower
fat-to-protein ratio would decrease NSPC, and increase FSC and pregnancy within 90 d after first
service (P90). In addition, cow selection based only on high milk production has strong effects to
prolong DTFS, DO and CI. Therefore, TD-FPR may be a useful trait for selection to improve fertility
and yield traits by including TD-FPR with optimum weighting in a multi-trait selection index for the
overall breeding objective of dairy cattle. The binary response such as the outcome of an insemination
event seems to be the trait of choice in genetic evaluation of female fertility traits of Thai dairy cattle
with considering the suitable model. As it is conveniently measured, taken in early to mid-stages of
lactation and included of breeding information over a specific period.

Nevertheless, creating a fertility data set as production level (high & low) or the farm size (large &
small) are necessary for future research.

This study has high potential for applying in genetic evaluation for selection of fertility traits in
Thai dairy cattle which will be highly beneficial for Thai dairy industry as well as other dairy industries
in tropical areas. Since the fertility is low heritable trait and reliable data is difficult to achieve, further

study on genomic wide association in dairy crossbred for genomic evaluation would be recommended.
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ABTRACT

Fertility is of great economic importance in the dairy industry. It has overwhelm impact on herd
productivity and overall profitability in dairy farming. Including the fertility in breeding objective is
considered to be an appropriate strategy to optimize the result of genetic improvement of dairy cattle. In
Thailand, a national genetic evaluation system for female fertility is not yet available. Hence, the overall
objective of this dissertation is to study the genetic evaluation of female fertility traits of Thai dairy
cattle by applying appropriate methodology and introducing it into Thai dairy cattle national genetic
evaluation. There were specific objectives conducted in following three studies.

The objective of the first study was to estimate genetic parameters for various fertility traits on
Thai dairy heifers and cows in a smallholder system under tropical conditions using data sets from the
Thailand Al national recording scheme. The data consisted of 68,555, 34,401, and 54,004 records on
heifers, primiparous, and multiparous cows, respectively, calving between 1996 and 2011. The analysis
provided insight (co)variance components and genetic parameters of the investigated traits [age at first
service (AFS); age at first calving (AFC); days from calving to first service (DTFS); days between first
and last service (DFLS); days open (DO); calving interval (Cl); number of services per conception
(NSPC); and conception at first service (FSC)]. Gibbs sampling was employed using both univariate
and bivariate analyses with linear and threshold animal models. Virgin heifers had better fertility
performance than primiparous and multiparous cows. The reproductive performance in primiparous
cows was inferior compared with multiparous cows. Cows with higher Holstein-Friesian blood showed
lower reproductive efficiency. Heritability estimates for most of the fertility traits were 0.04 or less
except for AFS (0.26) and AFC (0.25). The estimated genetic correlations among fertility traits within
parity indicated that selection for cows with high conception rate could lead to shortened DO and Cl, as
well as DTFS. The FSC and NSPC could be used as the best indicators for heifer and cow fertility and

could be complemented by other traits, which were genetically considered as different traits such as
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DTFS and DFLS in terms of a fertility index. This would enable efficient selection for better fertility.
Genetic correlations for fertility traits in primiparous and multiparous cows were very high (>0.90), but
those between heifers and cows were lower (0.03 to 0.83). The latter result indicated that fertility traits
of heifers and cows should be considered as different traits.

The objective of the second study was to estimate genetic parameters for fertility traits, test-day
milk yield (TD-MY) and test-day fat-to-protein ratio (TD-FPR) as well as their relationship during
different stages of lactation using random regression models (RRM) on Thai dairy cows in a
smallholder system under tropical condition. Data on fertility traits and monthly test-day record of milk
production and milk compositions consisted of 25,968 primiparous cows, calving between 1996 and
2011. Gibbs sampling algorithms were implemented to obtain (co)variance components using both
univariate linear and threshold animal models and bivariate linear-linear and linear-threshold animal
models with random regression. Average TD-MY and TD-FPR were 12.60 kg and 1.15. Heritability
estimates for TD-MY, TD-FPR and selected fertility traits ranged from 0.31 to 0.58, 0.17 to 0.19 and
0.02 to 0.05 respectively. Genetic correlations among TD-FPR and TD-MY, TD-FPR and fertility traits,
and TD-MY and fertility traits ranged from 0.05 to -0.44, -0.98 to 0.98 and -0.22 to 0.79, respectively.
Selection for lower TD-FPR would decrease NSPC, and increase FSC and pregnancy within 90 days
after the first service (P90). In addition, cow selection based only on high milk production had strong
effects to prolong DTFS, DO and CI. Therefore, TD-FPR might be a useful trait for selection to
improve fertility and yield traits of Thai dairy crossbred by including optimum value of TD-FPR in
breeding program with an appropriate economic weights.

The objectives of the third study were 1) to estimate genetic parameters and breeding values for
conception rates (CR) of Thai dairy cows using the repeatability threshold model (RP-THM) and
random regression threshold models (RR-THM) and 2) to compare covariance functions for modeling
the additive genetic (AG) and permanent environmental (PE) effects in the RR-THM. A data set of

130,592 first-lactation insemination records of 55,789 primiparous cows, calving between 1996 and
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2011, was used in the analyses. The CR was defined as the outcome of an insemination. A longitudinal
analysis in this study allowed inclusion of breeding information over a specific period with threshold
model. The RP-THM and RR-THM with different parameter functions were compared. Variance
components were estimated using a Bayesian method via Gibbs sampling. Heritability estimates of CR
ranged from 0.03 to 0.07, 0.04 to 0.17, and 0.05 to 0.22 for RR-THM with the second, third, and fourth-
order of Legendre polynomials, respectively. The heritability estimated from RP-THM was 0.06. Model
comparisons based on goodness of fit (GOF), predictive abilities (PA), predicted service results of
animal (PRA), and pattern of genetic parameter estimates indicated that the model which fit the desired
outcome of insemination was the RR-THM with two regression coefficients.

In conclusion, female fertility is a complex set of traits affected by both genetic and environmental
factors. Although heritability estimates is low, additive genetic variation still exists. Therefore, genetic
improvement for cows’ fertility through selection seems to be possible. Genetic correlations between
different fertility traits indicate that there is not likely a single characteristic that would serve well for
selection purposes. The FSC and NSPC could be used as the best indicators for heifer and cow fertility
and could be complemented by other traits such as DTFS and DFLS in terms of a fertility index. This
would enable efficient selection for better fertility. Fertility traits of heifers and cows should be
considered as different traits. Since the TD-FPR was found highly correlated with all fertility traits in
this study, the TD-FPR might be a useful trait for selection to improve fertility by including TD-FPR
with optimum weighting in a multi-trait selection index for the overall breeding objective of dairy cattle.
The binary response such as the outcome of an insemination event seems to be the trait of choice in
genetic evaluation of female fertility traits of Thai dairy cattle with considering the suitable model. As it
is conveniently measured, taken in early to mid-stages of lactation and included of breeding information
over a specific period. In the studied model which fits the desired the outcome of an insemination is the

RR-THM with two regression coefficients.
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