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ABSTRACT

Present information on the maternal parity influences on reproductive and milk
production parameters is ambiguous and less information is available on maternal parity
effects on the calf duration disease incidence and longevity. The present study aimed to
investigate the influence of parity on the calf duration diseases incidence, milk yield and
reproductive parameters, and longevity of offspring in Holstein dairy cows. Data were
retrieved from a commercial dairy farm present at Karacabey-Bursa state in Turkey. All
the data was organized and subjected to statistical analysis, and correlations were
established between all first lactation production parameters (peak yield, days to peak
yield, 100-d yield, and 305-d yield), reproduction (age at first insemination, number of
inseminations), and longevity of the dams and their heifers. In all parity calves, the
incidence of calf duration diseases averaged 16.8%, and the rate reduced as mother
parity increased (p<0.01). Age at first insemination, number of inseminations gestation
length as a heifer, and peak milk yield, time to peak yield, 100-d milk yield, 305-d milk
yield during the first lactation of all parity heifers averaged 481-d, 1.67, 274-d, 46.06 L,
67.50-d, 3611.93 L and 9588.47 L respectively. Non-significant (p>0.05) effect of the
parity was found on all these heifer’s reproduction and first lactation milk production
parameters. A non-significant correlation established for reproduction and milk
production studied parameters of the dams and heifers. Longevity averaged 32.43,
27.93, and 26.57 months for first, second and third parity dams offspring respectively,
but results remained non-significant (p>0.05) for all parity. Non-significant (p>0.05)
correlation was found between maternal longevity and the longevity of offspring.
Among culling reasons investigated, reproductive diseases were the primary culling
reason (28.9%), followed by low production (8.4%), mastitis and udder problems
(4.8%), foot problems (6.0%), and abomasum displacement (3.6%), and we found a
significant (p<0.01) positive correlation between culling reasons of dams and heifers. It
can be concluded that maternal parity influences the calf duration health diseases,
longevity, and extra care should be paid to the first two parity calves, but for better
reproductive and production performance during the first lactation, higher emphasis on
growth and breeding decisions is suggestive.

Key Words: Maternal age, parity, longevity, health, milk yield, fertility, calf
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OZET

Anne paritenin iireme ve siit tiretimi parametreleri lizerindeki etkilerine iligskin
mevcut bilgiler belirsizdir ve anne paritenin buzag: siiresi hastalik insidansi ve omrii
tizerindeki etkileri hakkinda daha az bilgi mevcuttur. Bu c¢alisma, Holstayn siit
ineklerinde buzag: siiresi hastaliklar1 insidansi, siit verimi ve lireme parametreleri ve
yavrularin 6mrii lizerindeki anne paritenin etkisini arastirmayr amaglamistir. Veriler,
Turkiye'nin Karacabey-Bursa ilgesinde bulunan bir siit ¢iftliginden elde edilmistir. Tiim
veriler organize edildi ve istatistiksel analize tabi tutuldu ve tim ilk laktasyon suti
uretimi (pik verimi, pike kadar gecen giin sayisi, 100 giinliik verimi ve 305 gunluk
verimi), iireme (ilk tohumlama yasi, tohumlamalar say1) ve divelerinin siriide kalma
siiresi arasinda korelasyonlar kuruldu. Tim parite buzagilarda, buzagi siiresi
hastaliklarinin insidanst ortalama %16,8 idi ve anne paritesi arttikca orani azaldi
(p<0,01). Ik tohumlama yas1, tohumlama sayis1 bir diive olarak gebelik stiresi ve pik siit
verimi, pik verime kadar gecen suresi, 100 gunlik st verimi, 305 gunlik st verimi tim
parite divelerin ilk laktasyonunda ortalama sirasiyla 481-giin, 1,67; 274-d; 46,06 L;
67,50-d; 3611,93 L ve 9588,47 L idi. Tum bu divelerin Greme ve ilk laktasyon sutl
uretim parametreleri Gzerinde paritelerinin - anlamli  olmayan (p>0.05) etkisi
bulunmustur. Strtide kalma suresi ve divelerin incelenen parametreleri ile Greme ve sit
tiretimi i¢in 6nemli olmayan bir iliski kurulmustur. Uzun 6miir, birinci, ikinci ve G¢lnci
parite suride kalma suresi yavrulari igin sirasiyla ortalama 32,43; 27,93 ve 26,57 aydi,
ancak parite icindeki tim pariteler igin sonuglar anlamli degildi (p>0,05). Annenin
stiriide kalma siiresi ile yavrunin siiriide kalma siiresi arasinda anlamli olmayan (p>0,05)
bir iliski bulundu. Arastirilan siirliden ¢ikarma nedenleri arasinda iireme hastaliklar
birincil suriden ¢ikarma nedeni (%28,9) olurken, bunu diistik tiretim (%8,4), mastitis ve
meme sorunlari (%4,8), ayak sorunlar1 (%6,0) ve abomazum displasman (%3,6) izlendi.
Annenin siriden ¢ikarma nedenleri ve duvelerin suriden ¢ikarma nedenleri arasinda
anlamli (p<0,01) pozitif bir iligki bulduk. Anne paritenin buzag: siiresindeki hastaliklart
ve uzun Omdr etkiledigi sonucuna varilabilir, hemde ilk iki parite buzagiya ekstra bakim
6denmesi gerekir. Ancak ilk laktasyon sirasinda daha iyi iireme ve liretim performansi
icin buylme ve Greme kararlarina daha fazla 6nem verilmesi anlamlidir.

Anahtar Sozcukler: Anne yasi, parite, uzun 6miir, saglik, siit verimi, dol verimi, buzagi



1. INTRODUCTION

In the 1970s, Ravelli, Stein, & Susser (1976) studied the offspring of Dutch women
who suffered from food insufficiency during the pregnancy at the end of World war 1.
The researcher found differences in the body patterns in the offspring and reported that
the mother who suffered from food insufficiency during the early month and the last
trimester of pregnancy gave birth to the babies, which showed less occurrence of
obesity. On the other hand, the babies born to the mother suffered from food
insufficiency during mid of pregnancy, the occurrence of obesity increased. This study
opened new research horizons, and later scientists started to focus on the carry-over non-
genetic effects of the mother on the offspring. In livestock, nutritional supply in pigs and
sheep at the time of gestation influenced the body patterns and the physiological
response of next progeny (Braunschweig, Jagannathan, Gutzwiller, & Bee, 2012;
Osgerby, Gadd, & Wathes, 2003). Furthermore, the heat stress exposure to the dam
during the last trimester reduced the milk production of the heifers (Tao et al., 2019).
This change in the functioning of the offspring is due to intra-uterine programing of the
fetus as a result of maternal influences. Maternal influences can be stated as maternal
environmental, health, nutrition and its partitioning, maternal age, and hormonal and
metabolic changes (Gonzalez-Recio, Ugarte, & Bach, 2012).

Maternal age influences on the intra-uterine programming and postnatal health of the
calves in Holstein dairy cows is not well documented. Generally, dairy cows are first
inseminated when they attain 60% of their mature weight, and they become pregnant
when their body is still growing. Therefore, primiparous cows partition the nutrition to
meet the demand of the growing fetus and for its own body growth (Gonzalez-Recio et
al., 2012). Furthermore, after parturition, pregnancy occurs while the cow is milking,
and milk production is the primary competing factor for energy and nutrients. The
pregnant cow partitions the nutritional resources with its own growth, maintenance, and

milk production and provides care for the fetus's development. At the early stage of



lactation, there is less nutritional demand by the fetus, but high lactating cows may
influence the development of the fetus through hormonal changes (Banos, Brotherstone,
& Coffey, 2007). However, after the peak of lactation, where the cow loses its energy
reserve, there is excessive fetal growth which requires nutrients. Lee, & Kim (2006) also
reported that advanced parity is commonly linked with increased milk output while
sacrificing some body conditions and creating a higher incidence of peri-partural
disease. After calving, more than 50% of cows also show uterine problems (Balendran et
al., 2008). These inflammatory diseases, higher milk yield, and environmental,
nutritional, and metabolic stresses with the increase in maternal age and parity not just
determine the production and but also have the long term effect on uterine organs, the
hormonal and metabolic profile of the cows (Evans et al., 2012; Meikle et al., 2004;
Ribeiro, & Carvalho, 2018; Van Eetvelde, Kamal, Vandaele, & Opsomer, 2017). Thus
change in maternal uterine environment as a result of a change in hormones, metabolic
profile, nutrition, disease, and production can also change the offspring’s health status,
growth, and future production performance through intra-uterine programming.

In dairy production, birth weight is the main indicator of understanding intra-
uterine growth, subsequent development, and survival. It is well accepted that younger
(1% and 2" parity) cows give birth to lighter calves (Cushman et al., 2020). Low-quality
colostrum is also produced by younger cows (Morin, Constable, Maunsell, & McCoy,
2001; Shivley et al., 2018), and claves receiving this colostrum have a higher incidence
of respiratory and digestive problems (Svensson, Lundborg, Emanuelson, & Olsson,
2003). With increasing maternal age and parity, they encounter several diseases and
environmental stresses which change their physiological functioning and productivity,
but these changes can help the growing uterine fetus in their postnatal health (Collier,
Dahl, & VanBaale, 2006; Gao et al., 2012; Ling, Hernandez-Jover, Sordillo, & Abuelo,
2018; Evans et al., 2012). Calves' health was found to have a considerable impact on the
early growth rate, particularly within the first six months of life (Heinrichs, & Heinrichs,
2011). However, Hoseyni, Mahjoubi, Zahmatkesh, & Yazdi (2016) research
commination showed a similar average daily gain (ADG) in primiparous and

multiparous cow calves, and Van Eetvelde et al. (2017) reported compensation in the



growth of weaning calves from all parity cows and no effect in their production
performances if well managed.

To date, little literature has been published on maternal age carryover effects
over offspring milk production, fertility, and longevity. Among the published studies,
some researchers (Astiz et al., 2014; Fuerst-Waltl, Reichl, Fuerst, Baumung, & Solkner,
2004; Storli, Heringstad, & Salte, 2014) reported a decrease in milk yield (MY), 305-d
MY, and ECM (Energy Corrected Milk) with an increase in maternal parity and age
within the parity in Holstein, Norwegian and Simmental dairy cows respectively. Banos
et al. (2007) found a significant negative effect of maternal MY on the heifers 305-d
MY, but this effect was too small to be considered practically. Similarly, Hoseyni et al.
(2016) and Van Eetvelde et al. (2017) reported a non-significant effect of maternal
parity and production on the offspring's milk yield. Fuerst-Waltl et al. (2004) and da
Silva, Musgrave, Nollette Nollette, Applegarth, & Funston (2016) found the maternal
age influence on prolonging the maturity age of offspring but no impact on fertility.
Carvalho et al. (2020) reported acquiring early mature body weight, early conception,
and higher fertility and pregnancies in heifer from the primiparous compared to
multiparous Holstein cows. Banos et al. (2007) reported worse fertility in the heifers
from the cows who conceived earlier during their first parity. The published studies on
maternal age effects on the MY and reproductive parameters of the Holstein dairy cows
are unclear. Although, few studies reported the increase in culling rate with an increase
in maternal age (Beard, Musgrave, Hanford, Funston, & Mulliniks, 2019; Carvalho et
al., 2020; Fuerst-Waltl et al., 2004). However, no clear association between the maternal
age and its culling reasons effect on the offspring’s longevity and removal causes is
reported. Furthermore, in many previous studies, data were collected from the national
database or from different farms, or the effects of maternal influences were analyzed
based on the parity. It is well known that herd size, region, milk yield, the breeding
decision for culling, and environmental factors vary from farm to farm. Therefore, a
study was required to quantify maternal age effects on the calves’ health, their milk and
reproductive performance, and longevity in Holstein dairy cows at a well-managed

commercial dairy farm.



The present research was aimed to study maternal age effects on morbidity and
health of the calves, milk production and reproduction significant parameters, culling

reasons, and longevity in the offspring of Holstein dairy cows.



2. GENERAL INFORMATION
2.1. Developmental Origin of Health and Diseases

The new branch of the science, Developmental origin of health and diseases
(DOHabD), that has drained the attention of the medical community, was emerged in the
early 1990s. This area of research aggregates the information from various disciplines
and studies the conceptus intrauterine altered development and programming due to the
maternal and environmental factors and their short or long term effects on next-
generation (Silveira, Portella, Goldani, & Barbieri, 2007).

Over a period of time, with the popularity of this research area in biomedical
sciences, there are increasing studies supporting the theory of the DOHabD in livestock
animals. There are several pieces of evidence that correlate the maternal and
environmental influences on their offspring in farm animals. Milking cows have more
fertility issues than heifers, and there is a prominent difference among the nutritional
requirement as well as the metabolic profile, biology of reproductive organs, and
pregnancy (Ahmed, Riaz, & Inal 2020; Bisinotto et al., 2018; Leroy 2008; Sartori,
Haughian, Shaver, Rosa, & Wiltbank, 2004; Wiltbank, Lopez, Sartori, Sangsritavong, &
Gumen, 2006). Furthermore, after parturition, animals suffer from many health
problems, and these inflammatory diseases not just determine the production but also
have a long-term effect on uterine organs, reproduction, and pregnancy. As a result, this
intrauterine change and change in maternal physiological functioning have long-term
influences on the offspring’s performance (Bromfield, Santos, Block, Williams, &
Sheldon, 2015; Ribeiro et al., 2016).

In-utero or maternal environment affects offspring mainly through the placenta in
many animal species and disrupts potential growth and survivability. For example, heat
exposure in the late gestation in dairy cows results in the impaired proliferation and
development of the mammary cells and results in reduced production. In addition to the

poor productivity in cows, heat exposure also results in reduced secretion of placental



hormone and impairs the development and birth weight of the in-utero developing calf.
These calves possess metabolic alteration and continue under development over the first
lactation. In-utero heat stress exposed calves’ bear impaired immunity, high disease
risk, undergoes programmed anatomy of mammary glands due to mammary cells’ DNA
methylation in postnatal life, more inseminations for the first conception, up to 20%
more chances to leave the herd till first lactation and reduced milk production (Monteiro,
Tao, Thompson, & Dahl, 2016; Skibiel et al.,2018; Tao et al., 2019). Predictive
physiological changes lead to long-term alterations, most probably via epigenetic
processes, which are often transmitted from adults to offspring. Nutrition, development,
fertility, and stress responses are all important for an individual's survival, and then it is
only natural that they'd be the most receptive to programming and transmittable through
epigenetics (Silveiria et al., 2007).

Epigenetics is the inherent modification in the gene expression and phenotype of
the next generation without any modification in the DNA sequence, which results in
different cellular gene expressions and is a predictive physiological response to the
environment (Bird, 2007). Some researchers think these epigenetic effects should be
erased in the new individuals during the fetal developmental phase (Kelly, & Trasler,
2004). However, recent studies have evidence that many epigenetic modifications are
inheritable (Chong, & Whitelaw, 2004). There are different processes through which
non-mendelian inheritances occur, like DNA methylation, non-coding RNA, associated
protein modification, or through chromatin structure (Gapp et al., 2014; Lees-Murdock,
& Walsh, 2008). These modification processes mainly occur through the environmental
influences at the vital growth period of offspring (Jirtle, & Skinner, 2007).

Therefore, many studies have been done focusing on the environmental exposure
of toxic substances or nutrients on the exposed one or their offspring's performance.
Offspring who are prone to obese mothers and a high-fat intake during pregnancy are
more likely to experience mental health and behavioral problems including agitation,
depression, attention-deficit hyperactivity disorder, and autism disorders (Sullivan,
Nousen, & Chamlou, 2014), and cardio-metabolic health (Chantel et al., 2019). Mothers

smoking through epigenetic effect has an adverse effect on the child’s growth, behavior,



food selection, and hyperactivity which results in several deadly heart diseases and low
life duration (Ayres et al., 2011; Bernstein, Plociennik, Stahle, Badger, & Secker-
Walker, 2011; Melchior et al., 2015). Mass starvation exposure in utero, on the other
hand, through epigenetics was linked to higher neonatal and adult period health issues
(Painter et al., 2018). Similarly, the study on the boar offered an increased amount of
methylation micronutrients and a standard diet in the group to investigate the epigenetic
effect of nutrition on muscles and DNA methylation. The second generation of boars
offered with experimental diets showed lean and well-developed shoulder muscles
compared to the control group. Furthermore, a noticeable change was seen in DNA
methylation, especially in the liver, which has been shown to epigenetically affect fat
metabolic processes. (Braunschweig et al., 2012). In sheep, over nutrition during peri-
conception and late gestation resulted in an increase in whole-body fat mass and
subcutaneous fat, respectively. In contrarily, the under-nutrition to the over-nutrition
sheep during the peri-conception period triggers a rise in the weight of the lamb adrenals
and the response to cortisol stress (Zhang, Rattanatray, McMillen, Suter, & Morrison,
2010). These results indicate nutritional programming during the peri-conception period
cannot remove all the adverse effects in the over-nutrient sheep in the long term.
Epigenetic influence on the development of diseases is not well addressed in dairy cattle.
Large-Offspring Syndrome (LOS) is considered the epigenetically developed syndrome
which results in higher fetal deaths (Kruip, & Den Daas, 1997; Young, Sinclair, &
Wilmut, 1998). Dean et al. (2001) reported methylation differences among the embryos
developed through advanced reproductive technologies and proposed the reason for
LOS. Fang et al. (2019) study revealed that the gestation length could also be impacted
through genomic and epigenetic programing effects through regulation of embryonic
development.

Based on the above-mentioned evidence, at conception, a new individual acquires
both genetic and extra-genetic inputs and also an epigenetic program dependent upon the
environment that the developing fetus encounters during gestation. Many natural
developmental conditions are affected by epigenetic changes, which can sometimes

contribute to disease progression. With increasing age and parity, the cows experience



critical management, vital environment, different feeding strategies, and diseases
conditions which alter the reproductive system biology and intrauterine environment; as
a result, the programs the developing calf during the gestation. However, little is known
about maternal age experiences, and this intrauterine programming affects future
production, disease development, and survivability of the offspring’s in the dairy cattle

and needs to address.

2.2.  Calf Health Index and Maternal Influences
2.2.1. Morbidity, Mortality and Maternal Influences

Production of the more weaning calves with minimum morbidity, less mortality,
and lower medical costs are the priority for the commercial dairy production systems.
Several managements, nutritional, calf, and maternal factors are responsible for raising
healthy dairy calves. However, after a constant advancement in technologies, progress in
the management, and expansion in the prevention of diseases and medicinal treatments,
still, morbidity and mortality of the calves are more than acceptable level even in the
advanced dairy farming countries. Furthermore, calves’ morbidity is directly linked to
their survival. The calves which do not suffer from any disease and are not treated have
2.3 times more chances to survive than the calves which are treated once. In addition,
the chances of survival also decrease to an extent as the treatment numbers rise
(McCorquodale et al., 2013).

Asmare, & Kiro (2016) collected the 30 calves’ data from 8 different small farms
and reported 67% and 20 % calf morbidity and mortality, respectively. The higher
mortality was reasoned due to less care and management of the newborn, more
susceptibility to infection and treatments. Windeyer, Leslie, Godden, Hodgins,
Lissemore, & LeBlanc (2014) studied the NCD (Neonatal Calf Diarrhea) and BRD
(Bovine Respiratory Disease) in 3 month old calves and found NCD and BRD morbidity
23% and 22% respectively and mortality 3.5%. The researchers stated season, housing,
dipping of naval, FPT (Failure in Passive Transfer) of immunity, and occurrence of other
diseases before two weeks as key risk factors for NCD and BRD. Demir, Aydin, &
Ayvazoglu (2019) reported 25% morbidity and up to 6% mortality of dairy calves in



Turkey. Furman-Fratczak, Rzasa, & Stefaniak (2011) observed the incidence of
gastrointestinal and respiratory illness in 37% and 14% of the calves, respectively.
Erdogan et al., (2009) reported morbidity in the dairy calves ranging from 36% to 51%
in a two-year analysis and found diarrhea (24%), omphalitis (13%), and pneumonia
(3%) as the major illness in the newborns. Walker et al. (2012) reported the overall calf
mortality, diarrhea morbidity and mortality, and respiratory morbidity and mortality
3.6%, 20%, 1.2%, 5.3%, 0.7%, respectively. Furthermore, they also studied male and
female calf morbidity and death rates and reported 3%, 22%, 1%, 5.7%, 0.3% and 4.5%,
19%, 1.4%, 5%, .84% overall mortality, diarrhea morbidity, diarrhea mortality,
respiratory morbidity and respiratory mortality for female and male calves respectively.
Thus, higher morbidity and mortality affect the farm’s economics, the welfare of the
calves, reduced weaning calf numbers mean less replacement heifer supply and
ultimately a hindrance to the progressiveness of dairy farms.

After birth, the calves do not have a developed immune system to fight against
environmental pathogens and resist the early day’s illness. Therefore, a passive
immunoglobulin transfer from the dam to the calves through colostrum is essential to
protect the newborns from diseases and mortality (Weaver, Tyler, Van Metre, Hostetler,
& Barrington, 2000). In addition to this passive transfer of immunity, several non-

immunological stressors also impact the calves’ health status.

2.2.2. Immunological Factors

Colostrum is a mammary secretion right after birth that contains an extra amount
of nutrients, antibodies, hormones, maternal cells as immunological factors and growth
promoters (Godden et al., 2019). Immunoglobulins, especially 1gG1, are the dominant
immunoglobin in the colostrum, which is produced from the dam serum IgGl and
protects the calves in the early days (Lin et al.,, 2020). In addition to the
immunoglobulins, colostrum also possesses lactoferrin as a soluble media and
immunologically active cells, which enhance the competencies of the calves for the
production of immunity (Lakritz et al., 2000). In the early hours after birth, for the

calves to protect against the diseases, there must be a sufficient amount of



immunoglobulins transfer to the calves. In order to develop sufficient immunity in the
calves and to resist infections again, colostrum volume and quality are two important
indicators that never be taken lightly. There are several risk factors such as breed, age,
calving season, dry period (Godden et al., 2019), which affect the colostrum quality and
may cause FPT and cause increased susceptibility of calves for diseases and less vitality
(Todd et al., 2018).

Langel et al. (2015) fed newborns with the whole and cell-free colostrum and
examined that either immunological state of dairy newborns can be influenced by the
adoptive shift of entire immune cells through colostrum at birth and disease resistance.
Furthermore, the whole colostrum feeding not just enhances the immunity at the early
days after birth but also enhances the long-term immune response and resistance to
diseases. Novo et al. (2017) compared the incidence of the diseases in the two groups,
one fed with colostrum from their own dams and other group calves fed with preserved
colostrum of foster dams, and observed that the calves fed with their own dam colostrum
had the higher immunity and disease resistance compared to the foster dams’ preserved
colostrum fed calves.

It is also long been accepted that cows in their first lactation produce low-quality
colostrum than the cows in their higher lactations. Shivley et al. (2018) reported the 25%
colostrum samples had the lower (<50 g/L) IgG content, and colostrum quality was high
in third and higher lactations compared to the first and second. Morin et al. (2001) also
reported breed, season, and lactation impacting the colostrum quality and founded the
higher quality of the colostrum in third and higher parities compared to the first and
second parity. On the contrary, Kehoe, Heinrichs, Moody, Jones, & Long (2011) studied
parity effects on 1gG colostrum concentration and examined that IgG concentration in
the colostrum rises with the increase in lactation number, and for all parity, the IgG
concentration was double compared to the previous reports and higher than the accepted
level of IgG 50 mg/ml. Heifer calves consuming colostrum from primiparous cows, on
the other hand, had a greater incidence of diarrhea and respiratory illnesses, according to
a research by Svensson et al. (2003). According to Gulliksen, Lie, Lgken, & @steras

(2009) 58% of Norwegian dairy cows produce colostrum with fewer than the required
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immunoglobulins (50g 1gG/L), and the lowest amount of the colostrum was found in the
first and second parity as compared to the higher parities. The authors also reported the
higher SCC (Somatic Cell Count) also results in the inferior quality colostrum.
Similarly, Ferdowsi Nia et al. (2010) also found that calves offered colostrum with
higher SCC possess low serum IgG levels, higher chances of getting infected with
diarrhea and other health problems. Calves produced from the dams vaccinated against
diarrhea gain a sufficient passive immunity and less suffer from infections than the
unvaccinated cows (Alkan, Burgu, Sahna, & Cokgaliskan 2004).

The health status of the calves is also affected by the birth score of the calves.
Asmare, & Kiro (2016) found that dystocia-stressed calves were unable to adjust to life
in the outside conditions. The calves' immunoglobulin absorption efficiency was likely
lowered as a result of the stress, as was colostrum intake, which was likely delayed or
lowered. As a result, the longer calves go without enough colostrum immunity, the more
opportunities microorganisms causing diarrhea have to infiltrate the intestine. Lower
serum Ig level is linked to calf morbidity and death, according to Arthington, Cattell, &
Quigley (2000). Thus, dystocia-stressed calves have the increased chances to get and
higher. Furman-Fratczak et al. (2011) also found that the FPT and higher morbidity were
associated with less colostrum ingestion and dystocia. Primiparous cows' calves were
more susceptible due to a higher incidence of dystocia than multiparous cows' calves.
Calves with serum Ig concentrations surpassing 10 g/L had the lowest incidence and
severity of illness course (Furman-Fratczak et al., 2011). Moreover, they observed that
the serum level of Ig over 15g/L protects the calves from respiratory and digestive

diseases illnesses and allows the body weight gain to gain the first insemination earlier.

2.2.3. Non-Immunological Factors

The basics to protect the calves against the diseases is to increase immunity,
prevent the FPT, and early detect and prevent infections. In addition to immunological
protection, the farmers should also give a concentrate on other environmental and
management stressors, which enhance the probability of the calves being prone to
infections (Uetake, 2013).
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Many housing, management, nutritional, calf, and dam-associated factors, which
are key risk factors for infections and death in calves, have been reported (Lombard et
al., 2007; Svensson et al., 2003; Wilde, 2009). Megersa et al. (2009) also found the
newborn’s morbidity and mortality up to 30% and 10%, respectively, and reported the
calve’s bedding condition, animal numbers, housing, and calf gender as critical risk
factors impacting the calf morbidity and mortality. Gulliksen et al. (2009) reported
calves in large herds are more prone to infections and mortality. At small herds, the
owners give extra care to the calve, and management is easy compared to the large herd.

When calf livability is estimated as a direct or maternal trait, male calves die
more frequently than female calves (Martinez, Freeman, & Berge, 1983). This is
because calving ease is affected by calf gender and dam parity. When compared to
calves delivered to multiparous dams, more than half of primiparous dams' calves
require help during calving. When compared to heifer calves, a higher percentage of bull
calves require help. Calves born to the primiparous dams suffering from severe dystocia
had a higher risk of respiratory and digestive illness and total calf mortality (Lombard et
al., 2007). Similarly, Johanson, & Berger (2003) observed that cows in their first parity
are 4.7 times more liker to have dystocia compared with cows in later parities.
Azizzadeh (2011) also reported that in comparison to calves delivered from a healthy
calving, dystocia-affected calves had a two-fold risk of infections and mortality.
However, Asmare, & Kiro (2016) in their study reported that multiparous and poor body
conditions in dairy cows result in higher morbidity and increased mortality in calves
compared to the impact caused by the prim-parity cows. This is due fact that the highly
producing cows with poor BCS (Body Condition Score) give birth to low BW (Birth
Weight) calves which are less resistant to diseases.

Carvalho et al. (2020) studied the dam’s health status influence on their calves
and reported that the female calves from multiparous cows which suffered from clinical
diseases compared to the multiparous cows with no previous clinical illness, have been
less prone to digestive illness and other clinical problem during their first lactation.

However, Maternal genetic effects for the BRD are high but negative means the dam’s

12



resistant to BRD give birth to the calves which are more susceptible to BRD (Snowder,
Van Vleck, Cundiff, & Bennett, 2005).

Karshoglu Kara (2020) studied the non-infectious causes of calf viability and
observed the digestive and respiratory problems as primary reasons of mortality in dairy
calves. The author reported calving season, birth weight, dam BCS, and dam parity as
vital factors which influence the viability of the calves. Later the author also explained
that the calves born to multiparous cows have the highest health status. Furthermore,
calves born in autumn or spring have a higher heath status compared to the calves born
in summer and winter. Thermal stress lowers the Average Daily Gain (ADG) and
impairs the immunity of calves resulting in an increased risk of infections and mortality.
Similarly, calves given birth in the winter season have low BW and fat reserves and less
ability to compete with environmental conditions. Thus, they have increased risks of
morbidity and mortality (Azizzadeh, 2011). The significant variations in the
environment across seasons contribute to variations in feeding regimen, and indoor
environment, all of which may alter disease incidence (Gulliksen et al., 2009).

Another critical factor that may affect the calves’ health status is the feeding plan
(Lombard et al., 2007). Calves born to the dams which suffered from peri-parturient
metabolic stress possess higher basal inflammatory response but compromised immune
response to the lipopolysaccharides compared to the calves from fewer stress
biomarkers, indicating that the peri-parturient nutrition and metabolic stress can alter the
metabolic and inflammatory response of the calves and may results in increased
susceptibility to infections (Ling et al., 2018). Wilde (2009) also studies that the peri-
parturient feed regime of the cow is important for neonate's early production of
immunity. Furthermore, highly producing animals also modulate the immunological
response of the calves because the immunological components of the colostrum from
highly producing cows rapidly fall after subsequent milking (Wasowska, & Puppel,
2018). Dairy calf morbidity is also substantially linked to milk feeding management.
Diseases are more prevalent in calves that get less than four liters of milk each day
(Asmare, & Kiro, 2016). In addition, the Calves group fed through a single teat

controlled system are more susceptible to diarrhea and respiratory problems compared to
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the single pen bucket fed calves (Curtis, Argo, Jones, & Grove-White, 2016). Godden,
Fetrow, Feirtag, Green, & Wells (2005) examined that the weaning periods calved given
pasteurized milk are less susceptible to diseases and death and show more weight gain
than the calves nourished with milk replacer.

In conclusion, the dam’s parity, production, previous health condition, and
vaccination affect the colostrum quality. Low-quality colostrum and FPT of immunity
result in increased disease incidence in calves. Therefore, dairy farmers should test the
quality of colostrum before discarding it or giving it to newborns. In addition to
colostrum quality, several other housing, management nutrition, maternal, and calf
associated risk factors also influence the diseases incidence and mortality of the calves.
Therefore, more attention should also be paid to these key factors to reduce the post-
parturient calf stress and infection rate. Controlling morbidity and mortality in dairy

calves can enhance the dairy industry's bottom line, as well as its health and welfare.

2.3. Raising Dairy Replacement Heifers for Sustainable Production

Producers of cow-calf operations have one of the costly choices to make
management for replacing heifers, and it is a major concern for developing commercial
dairy operations (Tahir, Riaz, Bilal, & Nouman, 2019). Several research has looked into
ways to cut heifer development expenses without compromising reproductive
performance. Because of the number of calf harvests necessary to cover development
expenditures, it's essential for profitability to reduce heifer investment costs while
preserving reproductive performance. (Clark et al., 2005). Replacement heifer raising
operation starts right after the birth of the calf, its weight, and dam factors. Further,
calves and heifers should grow weight at a rate that allows for the first insemination at
about 15 months. Weight increase that is appropriate leads to earlier calving and lowers
the expense of raising heifers (Furman-Fratczak et al., 2011). Selecting the replacement
heifer and its development have an impact on the production and profitability of dairy
farms over time (Beard et al., 2019).
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2.3.1. Birth Weight, Growth Performance and Puberty

Accurate birth weight estimation and ADG are important for several farm

operations (Riaz, Tahir, Waseem, Asif, & Khan, 2018). The fetus's intrauterine growth is
shown by birth weight, and this intra-uterine growth of the fetus depends upon the
uterine environment and nutritional supply to the calf. The calves’ nutritional supply
bases on maternal age, parity, it’s nutrition, and body condition (Osgerby et al., 2003).
In utero, less nutritional supply results in a structural and physiological modification
which results in effects on the later stage production. Wathes, Pollott, Johnson,
Richardson, & Cooke (2014) described that major periods of nutritious deficit, as well as
severe calf hood illness, jeopardize growth, resulting in prolonged negative implications.
BW is also an essential characteristic since it is a potential cause both for calf surviving
and dystocia. The heavier or lower BW reduces the calve ability to compete for
environmental conditions, infection, and mortality. The dams giving birth to the heavier
calves also have a higher incidence of dystocia (Johanson, & Berger, 2003).
Many studies demonstrated that diet, management, and housing influence calves' BW
and development and have long-term consequences. Hoseyni et al. (2016) evaluated
parity impact in Holstein's calves and reported higher weight at birth and ADG in
multiparous cow calves. Cushman et al. (2020) study also showed the lighter birth and
weaning weight of primiparous calves compared to the multiparous cow calves.
Carvalho et al. (2020) also found a lighter BW of the calve born to primiparous cows
compared to the multiparous cows. On the contrary, lower BW calves are also produced
from older mothers. Later the authors described that after the first calving, highly
producing cows lose their condition, and during pregnancy, calves compete for nutrients
supply from the dam’s growth and lactation nutrient needs, resulting in decreased insulin
and IGF-1 levels and birth weight (Swali, & Wathes, 2006).

Swali, & Wathes, (2007) found the BW of claves born to multiparous cows
higher compared to the primiparous cows. However, no difference in body weight was
found later than three months. Van Eetvelde et al. (2017) described that poor growth rate
at before six months of age can be compensated through extensive management and

nutrition. Handock et al. (2019) study revealed that the lighter weight calves show
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higher weight gain and highlighting the positive aspects of nourishing lightweight
heifers to achieve a higher BW. Da Silva et al. (2016) studied beef cattle, and results
revealed higher BW and weaning weight in multiparous cows' heifer calves compared to
primiparous cows' heifer calves. The authors also reported the early gain in puberty
weight in multiparous cow calves. However, the pregnancy rate remains the same
among all cow heifer calves. Similarly, Beard et al. (2019) study shows that female
calves from younger dams showed a low birth weight than those delivered to medium or
older cows. Further, maternal age has a significant positive effect on the weaning weight
and calves’ growth to reach puberty. However, the author did not observe any difference
in all groups for breeding and pregnancy. In a study, with an increase in maternal age,
the weaning percentage of the calves also decreased (Freetly, Cushman, & Bennett,
2021). Cooke, Cheng, Bourne, & Wathes (2013) reported heifers with ADG of 0.75 kg
show good fertility, conceive at 15 months and show optimal AFC (Age at First
Calving).

Heinrichs, & Heinrichs (2010) reported low birth weight negative effect on AFC
(Age at First Calving), first lactation MY, and longevity in Holsteins. Cooke et al.
(2013) found that at age of 8 to 15 months, the lighter calves show less growth and reach
an AFC of more than 30 months. On the contrary, healthy calves show better growth at
this time give birth to calves less than 26 months. Early insemination without altering
management to guarantee adequate growth results in less first lactation milk yield.
Because there is a financial balance among raising expenses, AFC, and first lactation
yield, therefore young stock management decisions should be carefully considered (Nor,
Steeneveld, Van Werven, Mourits, & Hogeveen, 2013). Khaton (2020), reported that
dairy cow age significantly influences the breeding age and AFC; however, parity
influences services per conception and fertility.

In conclusion, birth weight and pre-weaning weight increase with the increase in
maternal age and parity. Calves from the multiparous cows also reach puberty earlier
compared to primiparous cow calves, but their lightweight at birth can be compensated
through extensive management and nutrition. BW and growth in heifer calves is the key

parameter to attain the early breeding age and AFC of replacement dairy heifers.
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2.3.2. Breeding Age and AFC

Replacement dairy heifers are the farm's future cash generators. They are,
nonetheless, a considerable cost component and the 2" biggest contributor to yearly
dairy operations costs during their pre-productive time (Heinrichs et al., 2013). Actual
AFC is based on the breeding age and the fertility of the cows. Gaining breeding weight
at an earlier age but poor fertility results in delayed calving age and increases the cost of
raising. Breeding age and AFC are the key factors for the subsequent production of the
heifers. Before breeding, the heifers have to attain a puberty weight. The heifers with
slow growth show delay in attaining the breeding weight, delayed insemination, and
extended AFC, as reported by Costa, Boselli, & De Marchi (2021). On the opposite,
heavier weight gain after the weaning age can result in poor development and higher fat
in the mammary gland. A less developed mammary gland gives poor milk in first and
higher lactation. In addition, heavyweight gains at an earlier age also result in poor
fertility and higher insemination numbers, which further delays the AFC and also adds
to the financial cost.

Eastham et al. (2018) studied the AFC in Holsteins and reported that only 12% of
the studied heifers give birth at 24 months, and up to 40% of heifers are calved at the age
of 30 months or higher. For milking and customized heifer businesses, the average cost
of raising a replacement heifer was 1124.06 $ and 1019.20 $, respectively. For milking
and customized heifer, businesses feed expenditures accounted for 60.3 and 64% percent
of the overall cost for raising a heifer (Gabler, Tozer, & Heinrichs, 2000). The overall
average replacement heifer raising expenses was 1,808 +338 $, according to Heinrichs et
al. (2013), with greater raising expenses before the weaning period. Feed accounts for
approximately 73% of the total cost of rearing heifers from birth through calving. This
cost can be decreased by lowering AFC, and with a one-month reduction in the AFC
lowers replacement heifers raising expenses up to 4.3% (Tozer, & Heinrichs, 2001).
These cost analyses lead us to think about when to breed and maximize fertility to

achieve the optimum AFC.
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Increased delivery score, treatment of illness, increased liquid feeding prior to
weaning, low-quality roughages feeding to weaned calves, poor housing conditions in
calf housing areas were all linked to increased AFC (Heinrichs, A., Heinrichs, B., Harel,
Rogers, & Place, 2005). Reproduction, course of parturition, milk production and
production lifespan, genetic advancement, and farm economics are all also affected by
the AFC (Cooke et al., 2013). The optimal age to breed the cow is a critical decision
because it depends upon the health condition of the heifer at the time of conception.
Underfeeding and illness during the raising phase have been linked to delayed breeding
age and AFC. Heifer calves from multiparous and older cows reach puberty earlier than
the calves from the younger cows. However, dam age did not influence the progeny
reproductive performance. Mean the post-weaning growth performance influence
puberty and reproductive performance. However, breeding age and AFC affect future
production and longevity (Beard et al., 2019)

The primiparous calves conceive earlier compared to the multiparous cow.
Reproductive performance among the primiparous and multiparous cows remains
similar. However, after calving, the BCS loss in the calves from the primiparous cows
was higher compared to the multiparous cow (Swali, & Wathes, 2007). Primiparous dam
calves reach puberty and calve earlier (Carvalho et al., 2019). On the contrary, Swali, &
Wathes (2006) hypothesized that the calves from multiparous higher lactating dairy
cows suffered from nutrient competition and reported that the highest producing older
dams give birth to 10 kg lighter calves compared to the healthy heavier calves, and this
difference in the weight continues up to the nine-month. The calves born with heavier
weight showed poor fertility after their first calving. However, they did not found a
significant negative effect of the lower birth weight over fertility and reproduction. Milk
production remained similar among all weight groups. In addition, they found that not
the dam but sir affect the gestation length, metabolism after birth, and fertility. Meier et
al. (2020) reported that the heifers having higher genetic merit for fertility traits attain
their puberty prior and show higher fertility compared to the negative genetic merit
heifer for fertility. Henrichs, & Henrichs (2011) reported that the treatments and

sickness prior to 4 months and rising AFC would have a deleterious impact on Holstein
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cows' first-lactation yield. Further, they reported that the Holstein cows' first-lactation
productivity is influenced by their body weight at calving.

Sawa., Siatka, & Krezel-Czopek (2019) suggested that Holstein-Fresian should
give birth between 22 to 26 months of their age. They observed that the cows giving
birth at this AFC in this range show higher first lactation MY, life span MY, and less
probably leave the herd. On the other hand, cows giving birth at AFC more than 26
months produce less first and lifespan lactation yield and left the herd earlier to culling
as a result of less production and other udder health problems.

Kucevi¢ et al. (2019) said that when the AFC was art 23 months, then the overall
milk yield and overall production life were observed higher. When the AFC was raised,
especially more than 29 m, the overall production length decreased. Cooke et al. (2013)
also found, heifers having 23-25 months AFC have higher fertility compared to the
heifers calving at AFC at older ages. Milk production in the first two lactations remained
similar among all the groups, but the heifers which gave birth before 26 months of age
calved higher. Thus, heifer calving at the age of 23-25 months has a higher lifespan of
production and fertility, more calves, and good profit. Higher BW and IGF-I
concentrations at early six months of age promote skeletal development and are linked to
lower first breeding age and AFC. Although, better management of replacement heifers
during the raising phase might relieve suboptimal growth linked with an increased AFC
(Brickel et al., 2009).

In order to maintain a low AFC, effective heifer care and proper development are
required to provide an optimal body weight and frame size during calving. In animals, in
order to go through estrous cycles before mating, at least six weeks before the optimum
breeding age, puberty should occur. If calves attain an acceptable size by calving at
various ages, there is some flexibility in ADG. After acquiring breeding weight and age,
the most important factor in fertility and AFC success can be harmed by infertility or
substantial deviations in calves' development patterns (Wathes et al., 2014). However,
Heinrichs et al. (2005) stated that AFC did not show any influence from dam parity.

Optimal AFC in Holsteins is indicated to be around 24 months with BW higher than

560 kg at calving to enhance lactation performance and decrease raising expenditures

19



(Tozer, & Heinrichs, 2001). Similarly, Handock et al. (2018) also described heifer at 21
month AFC with body weight ranging 450-475 yield more first lactation and an average
of three lactation milk. In the form of hidden costs and missed productivity, daily
management decisions linked to heifer’s operation can impact present and future farm
profitability (Heinrichs et al., 2005). Curran et al., (2013) described that reducing AFC
lower to 23 months reduces the milk production, overall MY, and total milk protein and
fat. In addition, they also found that in higher milking cows and three-time milking
farms, AFC can be reduced less than 23 months but at average two-time milking average
yielding cow farms AFC reduction results in poor milk yield at first lactation and overall
milk production. This study results indicate that AFC and breeding decisions should be
made depending upon the farm production condition and management. Many studies
have been conducted by collecting nation data or from multiple farms. Although,
management and animal production across farms remains different, which can influence
the results. However, it can generally be accepted that at commercial well-managed
farms the AFC can be maintained around 23 to 26 month without affecting the overall
production and longevity and it should not accede 30 months which result in poor
overall milk yield, fertility and days in production. Therefore, it is a critical, decisive

matter and should be taken carefully.

2.4.  Fertility and Maternal Influences

Proper reproduction requires the coordination of many physiological functions
and Al techniques, many of which are artificially controlled. Improved fertility and
reduction in the calving period are two ways to enhance the genetics of dairy animals.
However, poor fertility is the significant determinant of the genetic improvement in
dairy herds. As a result of lower calf crop, the supply of prospective replacement heifers
becomes limited, while the reduction in fertility increases the need for many more
(Wathes, Brickell, Bourne, Swali, & Cheng, 2008). Therefore, according to scientists,
genetic enhancement of the dairy production system can be done by decreasing
pregnancy losses and improving fertility (Bamber, Shook, Wiltbank, Santo, & Fricke,
2009).
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Boujenane, & Draga (2021) reported that parity influences the first insemination
age, gestation period, calving to insemination duration, open days, first insemination to
fruitful conception duration, and calving interval. The reproduction performance of the
heifers was higher than the cows. Generally, heifers having more follicles have a
relatively higher pregnancy percentage than those with few numbers. Later, the authors
explained that the cows with more antral follicles on the ovaries also have higher
pregnancy rates, a short interval for conception, and improved reproductive
performance. Therefore, they found a dramatic decrease of 67.9% to 11.9% in the
pregnancy rates from heifers to 4" parity cow, respectively. However, the authors did
not found the difference in progesterone hormone among all the parity cows (Sartori et
al., 2004). Although, under the influence of the parity, the different follicular growth and
hormonal concentration premature meiosis occurs in dominant follicles, and other
abnormalities as well as an increase in mitochondria numbers and lipid droplets (Mihm
et al., 1999). Iwata et al. (2011) research found that during oocyte development, both
mitochondrial DNA number and ATP (Adenosine Triphosphate) amount increased.
With increasing dam age beyond 90 months, the mitochondrial DNA number of mature
oocytes dropped, and no apparent connection between the mitochondrial number and
ATP content was seen. The nature of fertilization among the above and below 90-month
age group was significantly different. According to the researchers, mitochondrial
number, ATP concentration, and fertilization result of bovine oocytes are all influenced
by maternal age. Furthermore, estradiol concentration at the time of estrus and
luteinizing hormones surge are higher in heifers compared to cows (Sartori et al., 2004).

Lactating cows have a greater likelihood of reproductive issues than heifers
(Sartori et al., 2004). After parturition due to higher production and increased demand
for energy for growth and maintenance, primiparous cows undergo poor energy balance,
BCS loss, and delayed fertility. Meikle et al. (2004) found that after parturition,
primiparous cows exhibited a more unbalanced hormonal and metabolic profile
suggesting a difficulty in returning from the post-parturient poor energy balance phase,
and the duration from calving to conception and insemination remains more in these

animals. This delay in the conception was directly linked to the more BCS loss in first
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parity cows and existed for a long duration. During the last trimesters of pregnancy, it is
vital to prevent losing the dam BCS as possible. The calf's future performance is affected
by the dam's BCS change (Banos et al., 2007). According to the authors, after
parturition, first parity cows have significantly more postpartum follicular waves, which
leads resulting in a postponement of first ovulation and, as a result, a postponement of
the start of the initial period of estrus (Wiltbank et al., 2016). However, due to high
metabolic performance and endocrine signaling, multiparous cows start reproductive
cyclic periodicity earlier than the primiparous cows (Meikle et al., 2004).
Lucy (2001) studied the effect of MY on fertility and reported that cows with higher
production in milk have the greatest incidence of infertility. These higher incidences of
infertility are due to poor energy balance after parturition and hormonal changes.
Dominguez-Castafio, Ospina, El Faro, & de Vasconcelos Silva (2021) observed that the
cows with higher MY require a prolonged duration from parturition to conception. The
observed fertility differential between heifers and milking cows is caused variably linked
to the uterine environment. After the first calving, the uterine environment seems to alter
because more than 50% of cows experience uterine illness (Balendran et al., 2008). This
alteration in hormones, metabolic profile, and uterine environment can have a
programming effect on the fetus during gestation and may alter the future performance.
In a review, Moussa, Shu, Zhang, & Zeng (2015) described that increase in
maternal age influence the follicular size, circulating hormones and impairs the
functioning of mitochondrial RNA. Fuerst-Waltl et al. (2004) results showed no
difference in the antral follicle of the offspring from heifers and cows, and dam age has
no effect on the fertility of the offspring. Although heifer’s claves show lightweight and
poor growth performance until weaning, they show catchup growth after the weaning
period and conceive earlier during service as a nulliparous. However, they undergo a
major BCS loss and show lower metabolic performance after parturition (Swali, &
Wathes, 2007). Although, in Simmental dairy cows, dam age did not impact the
differences in pubertal growth in heifer and breeding animals. The age of the dam, on
the other hand, has an effect on the proportion of heifers that enter puberty prior to

commencement of breeding, with no change in the number of pregnancies (Beard,
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Musgrave, Hanford, Funston, & Mulliniks, 2020). When compared to heifers born from
multiparous dams, a smaller proportion of heifers born from primiparous mothers were
pubertal prior to the breeding season. Heifers from the multiparous cows show higher
cyclic activity than the heifers from the heifers, but pregnancy rates during the first
reproductive season were similar among both age groups. In addition, the heifers from
the multi-parity cows showed better BCS and body weight during parturition as well as
at the time of weaning of their calves (da Silva et al., 2016).

Carvalho et al. (2020) divide the offspring into three groups; claves from the
primiparous cow with no lactation, claves from multiparous cow calves with no previous
clinical disease history, and calves from multiparous cows suffered from clinical disease.
They reported that breeding age, AFC, and gestation period were similar among all three
groups. However, primiparous cow calves were conceived and calved earlier compared
to multiparous cow caves. The pregnancy loss percentage was higher in the primiparous
calves than the multiparous cow calves. But, at the breeding time, the breeding per
conception and embryonic loss at 45 days of age were higher in multiparous cow claves
with a history of clinical disease compared to primiparous ones. Similarly, successful
pregnancies were lower in multiparous cow calves with a history of clinical disease
compared to primiparous cow calves. Nonetheless, reproductive performance parameters
remain the same among multiparous diseased and non-diseased cow calves. The AFC of
the dam also influences the reproductive performance of the offspring. The heifers from
the primiparous cows having AFC around 23 months acquire more inseminations and
present a high return percentage compared to the cows breed and calved later, but

compared to the cows having late AFC show improved fertility (Banos et al., 2007).

2.5.  Milk Production and Maternal Influences

Similar to reproduction, milk production is an important trait for optimal profitability
and farm sustainability. Given these conditions, it's really no surprise that the primary
goal of dairy cow breeders for the previous decades has been focusing on milk output
through genetic improvement. Therefore, the milk production of the European countries

dairy cow has been raised two times in the last four decades, and Swedish dairy cows
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average milk production has risen from 4200 kg in 1957 to 9000 kg by 2003 (Oltenacu,
& Algers, 2005).

At that time, understanding the genetic and environmental variables effect on milk
production and components was needed, and many potential variables were discovered
by the researchers which impact the production and the component of the milk. Several
studies showed that herd, calving season, calving year, lactation number and stage,
environmental conditions, nutrition, and many other potential variables all influence MY
and composition (Bertocchi et al. 2014; Cardak, 2016; Yoon, Lee, Kim, Chung, & Kim,
2004). When the data are analyzed in relation to lactation number, it is observed that
lactation number has an impact on 305-d MY (Milk Yield) and LMY (Lactation Milk
Yield) and that the aforementioned values rose as the lactations progressed (Kara, &
Koyuncu, 2018). Van Eetvelde et al. (2017) found the birth season as the main factor,
not the calving season, which enhances the peripheral sensitivity to the insulin and
increases the milk production during the first lactation. Later the author also reported
that age at birth also significantly alters the 305-d milk production of the cows.
Boujenane (2021) reported that except for milk urea nitrogen concentration, all milk
production characteristics were shown to be statistically significant when parity was
considered. Further, parity results in higher milk production, fat content, and protein
level but a lowers amount of lactose. Similarly, Rajib, Patel, Rao, & Tissopi (2020)
study results showed that parity increases the milk production and fat percentage but not
the SNF (Solid Not Fat). According to Lee, & Kim (2006), increasing parity rises
average 305-d MY. This increase in milk production also put the high producing animal
at a higher loss in BCS and delayed recovery. During the first month of lactation, cows
with parities higher than 3 lost greater BCS than cows with parity of first. Higher parity
cows (4 or higher) recovered their BCS more slowly than 1-3 parity cows until 3-mo of
lactation, and BCS recoveries of more than five parity cows were consistently delayed.

Astiz et al. (2014) findings indicate that maternal age is a significant predictor of
progeny life performance under ideal nutrition, health, and environmental conditions.
Later the author also described that younger cows give birth to high milk-producing

offspring compared to the older multiparous dams, which gave birth to the low milk-
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producing offspring. Similarly, Lubritz, Forrest, & Robison (1989) also observed the
highly producing offspring from younger dams in comparison to the offspring from
higher parity cows. They also report that with low production, older dam calves also
give birth to lighter-weight offspring. Fuerst-Waltl et al. (2004) also observed a reverse
association of dam age on the milk production of the offspring in Simmental dairy cows.
Lactation yield lowered as the parity increased, and results were significant for all the
parties. However, researchers described that the higher milk production of the heifers
could be biased because the younger cows have, the higher genetic merit compared to
the older multiparous cows. Storli et al. (2014) research on the Norwegian dairy cows
revealed that increasing dam’s parity results in lower 305-d MY of the offspring. Calves
from the seventh parity cows produced 149 kg less milk compared to the first parity
cow. Researchers also studied the effect of the maternal age within the parity and
reported that dams giving birth at an older age have offspring which produce less milk,
while the claves from younger dams within the same parity giving birth at early age
produce more milk. In the same, daughters of dams who calved early, around 23 months,
gave 4.5 percent more daily milk in the first lactation, had a 7% higher BCS. However,
second-lactation dam (36 to 41 months) heifers give about 6% more milk per day for the
first lactation, as well as having 2% BCS (Banos et al., 2007). Carvalho et al. (2019) also
demonstrated that primiparous dam calves have higher genetic value and milk output
compared to multiparous cow calves. However, Milk, ECM, and protein yield remained
the same among primiparous and multiparous cows except for the fat yield, which is
lower in primiparous than in multiparous cows. In addition, researchers did not found
any difference in the milk production or composition for the calves from non-diseased
and at least once diseased multiparous cows.

However, Hoseyni et al. (2016) reported the non-significant influence of dam’s
parity, BW pre-weaning ADG on first lactation yield. Later the authors described that
although the non-significant and low correlation was observed for ADG and 305-d milk
production, milk yield tended to increase with high weight gain. Cow BCS at calving is
significantly impacted by pre-weaning diet and delivery score in a favorable way that

can be the reason for the increase in milk production (Heinrichs et al., 2005). Alike,
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Banos et al. (2007) result reported that the dam’'s milk production expressed as a
significant environmental factor on the heifers and had a negative impact on the 305-d
MY and composition. Despite the fact that the impact was significant, it was too (0.3%)
small to consider. But, dam milk production affects the overall three lactation milk yield
of the offspring, and the AFC of the dam also influences the first three lactation milk
production of the offspring. In a nutshell, older cows give birth to daughters who have
lower BCS, produce low milk per day and require additional days for the first service,
and have less first three lactations MY (Banos et al., 2007). Contrary, no relation was
observed between the dam's milk supply during gestation and her daughter's first-
lactation yield (Van Eetvelde et al., 2017). Further, the researchers found that neither
dam’s milk production and parity nor first-year heifer growth were related to the first
lactation MY of the heifer.

2.6. Herd Life of Dairy Animals and Maternal Influences

Dairy producers' primary focus is to achieve healthier, fertile animals at the right
age, with maximal genetic expression and a long productive lifespan. Therefore,
longevity is also an important functional trait in dairy animals (Cavusoglu, Riaz, Omar,
Demir, & Orman, 2021). Dairy cows with more herd life are more advantageous because
they require fewer replacement heifers, and the raising expenses will be cut off; more
superior genetic offspring from superior cows become available as a replacement, and
higher selection pressure can be applied, as well as more milk yield can be obtained
from available superior genetic cows (Pritchard, Coffey, Mrode, & Wall, 2013).
Olechnowicz, Kneblewski, Jaskowski, & Wtodarek (2016) also reported longer lifespans
lead to reduced production costs for replacing animals, reproducing, and medicinal
costs, with higher milk output. On the contrary, early mortality and culling result in
increased replacement heifer raising the cost and less selection of heifers for
replacement (Compton et al., 2017). Tozer, & Heinrichs (2001) described that reduction
in culling from 25 to 20% dairy cows decreases the replacement heifers raising cost up
to 25%.
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Generally, culling dairy animals is a critical management decision-taking balancing
consideration for milk production, cow’s parity, genetic advancement, availability of the
replacements, and the economy of the farm. The average reported herd life and
production span for Holstein dairy cows is 33.8 = 1.08 and 36.8 + 2.60 months,
respectively (Kara, & Koyuncu, 2018; Kara, Koyuncu, & Tuncel, 2010), and the average
culling rate is between 20 to 35% each year, which is further divided into voluntary and
involuntary culling (Smith, Ely, & Chapa, 2000). There may be varying culling rates
based on the calculating technique. Not all research accounted for the mortality losses
when calculating the culling rate (Smith et al., 2000). Pritchard et al. (2013) described
that heifer survival is affected by many management and environmental conditions, and
genetic heritability for this trait is very low (~ 0.01).

Dairy animals only start generating revenue when they are more fertile and start
producing milk. Genetic enhancement and betterment in nutrition, health, and
management conditions improved the lactation milk yield of the dairy cows (Collier et
al., 2006). However, this increased MY also raised the culling incidence of the dairy
cows. Sewalem, Kistemaker, Ducrocg, & Van Doormaal (2005) reported the higher milk
production as a major risk factor for the herd life of the dairy cows. This risk also
increases as the fat amount of the milk increases comparatively to the normal milk-
producing dairy cows. However, a large percentage of replacement heifers don't
successfully cross the first lactation, as many are born dead, die during the raising
process, or fail to conceive (Wathes et al., 2008). Later the authors also reported higher
MY and excessive utilization of energy for MY during the first lactation results in lower
herd life. However, depending on a herd production level, it is possible to get a greater
lifespan of a herd from the perspective of herd milk production. There is a risk that the
productive life of the first calving heifers will be reduced if the living conditions are
insufficient to cope with the high milk production. However, as herd production
increased, culling decisions decreases with increased herd production levels, from 16%
at low herd production levels to around 6% at high herd production levels. The major
reason for removing the cows from the herd was fertility problems (40%). But this

culling due to fertility problems was associated with the production level of the cows
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and was high in first calvers with milk yield up to 11000 kg (Sawa, & Bogucki, 2017).
Bach (2012) analysis also indicated that 8.4% of cows left the herd before completion of
their lactation, and more than 31% left within two-month completion of days in milk.

While studying the genetic association between MY and the health condition,
researchers observed the reverse relation among milk yield and mastitis, ketosis, ovarian
cyst, and lameness, suggesting that the higher milk production opens the door to other
health problems and reduces the longevity of the animals (Oltenacu, & Algers, 2005).
Furthermore, with an increase in lactation stage, milk yield, age, and parity, the
incidence of mastitis also increases (Assefa, 2021). Mirzaei, Ararooti, Ghavami, &
Tamadon (2021) also observed a rise in sub-clinical mastitis in first to fourth-party dairy
cows ranging from 18.8 to 35.4%, respectively. Furthermore, the conception rate was
lower in the cows presenting sub-clinical mastitis compared to the healthy cows. With
the increase in duration from birth to conception, the removal chances from the herd also
raise. Abortion, increase in the number of inseminations, and delayed AFC is negatively
linked to the survival of the first lactation cows, and the major reason for culling during
the first lactation was the fertility problems (Bach, 2012).

Workie, Gibson, & van der Werf (2021) study over the past 21 years also showed
fertility (17.0%) as the most often cited cause, followed by mastitis (12.9%), poor
productivity (9.3%), and then being sold for dairy purposes (6.4%). About 37.4% of the
other causes were not recorded. As cow age increased, the chance of culling due to
infertility and poor production decreased, but the likelihood of culling due to mastitis
increased. During the determination of the long-term trend of main culling reasons, it
was discovered that the likelihood of Holstein being culled due to infertility has risen
over time. Since the culling of cows for declined milk output drastically reduced over
the course of 21 years (Workie et al., 2021). Atakan (2017) also described reproduction
problems (38.4%) as the major reason for culling in the production life of the dairy
cows, followed by selling (14.5%) and metabolic problems (7.5%). Boujenane (2017)
also identified reproductive issues as the major reason for the culling (36%) in dairy
cows. Chiumia, Chagunda, Macrae, & Roberts (2013) reported a per-year culling of

33.7%. Fertility problems (27.4%) were the premier reason for involuntary culling,
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followed by udder health (26.9%). Higher BCS during service increased milk
production, and higher milk protein around two months of lactation period increased the
involuntary culling risk. Yaylak (2003) reported estimated culling of 40.2% for sale for
dairy purposes, 17.9% for infertility, 16.2% for udder issues, 3.5% for poor milk
production, 3.5% for milk fever, 2.2% for calving difficulties, and 10.9% for foot and
leg abnormalities, respectively.

Tutka (2019) reported a 16.04% culling rate in the Holstein cows raised in Turkish
conditions. He found reproductive issues, mastitis, and foot problems as three major
reasons for culling. In addition, in the cows producing milk more than 30 L and less than
30 L, the main culling reason was mastitis (19%) and reproductive problem (24%),
respectively. For small herds, the proportion of cows reported as having left rose to
33.1%, while for big herds, the rate jumped to 37.9%. Production is 17.9%, injury is
17.9%, mortality is 14.8%, mastitis is 13.5%, and poor production is 12.7% as a reason
for removal among the higher producing animals (Smith et al., 2000). Similarly,
Azizzadeh (2011) also reported reproductive problems as the major (23.6%) in-
voluntary reason for the removal from the herd, followed by udder problems (15.5%)
and digestive tract problems (15.9%), respectively. Overall removal of the animals was
20.9%, the voluntary reason for the culling was very low (4%) in this study.

According to research by Karslioglu (2007), dairy cow's voluntary culling reasons
such as sale and less milk yield of the animals was 37% and 4%, respectively. In-
voluntary causes for culling was reproductive failure (21%), mastitis (20%), foot
problem (5%), old-age (2%) and death (1%). Overall, culling for voluntary and
involuntary reasons was 41% and 59%, respectively. In another study, (Tatar, Deniz, &
Tutkun, 2017) stated 56% and 44% involuntary and voluntary removal reason of dairy
cows from the herd. Reduced milk production (29-36 percent), reproductive issues (15-
27 percent), mastitis (18-23 percent), and other factors (25%) were reported as grounds
for culling.

Culling risk also increases with parity number. There were three times as many
hazards to the third parity cows as there were to the first parity cows. In parity 1 to 6, the

average productive life for cows after they calved decreased from 907 days to 399 days.
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For pregnant cows, the risk of culling was 3—7 times less than that of cows that were not
pregnant. It was more challenging for cows who had difficulty giving birth, who gave
birth to heavier male calves or twins, or who had days for artificial insemination more
compared to the rest herd (De Vries, Olson, & Pinedo, 2010). With each successive
pregnancy, the chance of retained placenta, metabolic disease, and endo-metritis also
rose. Reproductive failure was more common among older mothers, who suffered an
elevated culling rate as a result (Lee, & Kim, 2006). However, little is known about
maternal influences on the offspring’s longevity and culling reasons in the Holstein
COWS.

Beard et al. (2019) research reported that production and longevity are adversely
affected by the increase in maternal age. Furthermore, the calf crop of the calves also
influences by maternal age. Heifers from the older dams give birth to fewer calves
compared to the young dams, which give birth to more claves. Additionally, the calf
crop is not just influenced by maternal age, but the heifers born to the older age dams
also give less calf crop (Cushman et al., 2020). Fuerst-Waltl et al. (2004) study on the
Simmental cows showed a higher risk of culling in the older dam calves, and this risk
rises as the maternal age increase. Nevertheless, the culling hazard of calves started to
decrease at the oldest age of the dams. The author described that this could be due to the
acquired defensive mechanism of the oldest cows to the stressors causing mitochondrial
damage. In addition, only breeding value determining traits was studied in the analysis.
Furthermore, daughters of the primiparous dams are more prone to being culled and
have reproductive problems compared to the multiparous cows. However, the authors
also reported that the heifers from the multiparous cows with a history of any clinical
disease experience fewer digestive problems, fewer clinical diseases during their first
lactation, and a higher chance of being culled compared to the multiparous cow calves

with no previous clinical disease (Carvalho et al., 2020).
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3. MATERIAL AND METHOD
This study was conducted at a commercial dairy farm located in Karacabey-Bursa
state in Turkey, and data of 280 calves and their dams (83 cows) was collected from the
single farm to minimize the environmental influences such as management, nutrition,

production, and breeding and culling decisions, etc.

3.1.  Animals Care and Management
3.1.1. Calves Care and Management

The cows and the heifers at the farm gave birth to the calves in the maternity pen.
After drying and naval treatment, the calves were removed from the cows and were
paced in the calf pens and fed with good quality colostrum containing 1gG more than 50
g/L within 2 hours of birth. Later the calves were transferred to the individual calf pens,
where they were fed individually with the milk and had full access to the fresh water and
concentrate. Milk supply was gradually reduced before the weaning age and fully cut off
during the weaning. After weaning, the growing heifers were placed in the groups in the
separate growing sheds. The calves were monitored daily for the illness by the trained
supervisors and veterinarians. The clave’s dam, sire, birth, and health records were listed

in the system.

3.1.2. Reproduction of Heifers

After attaining the breeding weight according to the breeding management
protocols of the farm, the heifers were sent to the breeding heifer sheds. The estrus was
detected through a pedometer which shows hyperactivity in estrus heifers. Then heifers
showing hyperactivity were made confirm for estrus, and Al was performed in the estrus
heifers. The heifers were monitored for their next expected estrus. The heifers again
returning to estrus were re-inseminated through Al, and heifers not showing any sign of

estrus were checked for pregnancy at 45 days after insemination. The non-pregnant
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heifers were subjected to synchronization protocols and again were inseminated and
were followed till their pregnancy. The pregnant heifers were followed till their calving.
First insemination date, number of inseminations, calving date, sire, illness, and

treatments for heifers were recorded in the system on a daily basis.

3.1.3. Milk Production During the First Lactation

The pregnant heifers near to the parturition were shifted to the maternity sheds. At the
start of the lactation, the cows were shifted to the lactating cow sheds. The lactating
animals were divided into highly producing, average producing, and low producing
animals. The milking was performed three times for the high producing and two times
for the average and low producing cows, and data were directly stored in the software
program. The cows were fed and managed according to their production and

requirement. All the animals had full access to fresh and clean water.

3.1.4. Reproduction in Cows

After the involution period, the cow’s estrus was detected through pedometer
hyperactivity and then visual confirmation. When the cows were ready, the Al was
performed by the trained technician and followed for their next estrus. The cows which
did not conceive and came to estrus were inseminated again. The cows showing
pregnancy were checked after 45 days of insemination. The non-pregnant cows were
subjected to a synchronization program. The cows showing pregnancy were followed till

their calving. Cow's reproductive and production details were saved in the system.

3.1.5. Culling of the Heifers and Cows and Longevity

Heifers and cows were always under surveillance, and any occurrence of the
problem was monitored and recorded by the technicians. The main reason to left the
herd for heifers was selling or death, and heifers were culled due to respiratory and
digestive problems, fertility issues, injuries, or some other problems. The cows left the
herd for sale, death, and low production. The involuntary culling was done for

reproductive issues, metritis, infertility, digestive problems, abomasum displacement,
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ketosis, mastitis, foot problem, mastitis, and udder problems. The heifer and cows

leaving the herd with culling reasons were enrolled in the system.

3.2.  Collection of the Data

In this retro-prospective analysis, the data of the dams and their calves for the traits
of interests was retrieved from the farm software (OSCR Data Flow™ II). The calves
suffering from any illness (Diarrhea, respiratory problem, naval illness, etc.) were
subjected to the treatment by the veterinarian and calf diseases with their medication,
and days in treatments were registered daily and feed in the software on a daily basis.
The data of calves’ dam, dam’s birth date, calf birth date, and dam’s parity were
recorded. The digestive problem, respiratory problem, and naval illness were considered
as main issues, and eye problems and other illnesses were considered as “others.” Males
and calves born dead or died on the day of birth were not included in the analysis.

Reproductive parameters for the heifers and their dams were recorded. The data of
age at first insemination, number of inseminations, gestation period, and AFC of the
heifers and dams and dam’s parity were retrieved for analysis. Heifers from first to third
parity dams were only were studied, and the heifers from higher parity cows were
removed from the analysis. For milk production, starting date, peak yield, days to reach
the peak yield, 100-d MY, and 305-d MY of the first lactation of the heifers and their
dams were analyzed in the study. The heifer-dam pairs which did not complete the 100
DIM were removed from the analysis. For the cows whose lactation length was less than
305-d, then their lactation milk yield for 305-d was calculated by the adjusted milk
production table (McDaniel, Miller, & Corley, 1965).

The culling cows leaving the herd, the reason to leave the herd, and age at culling
were recorded from the system. The cows left the herd for selling purposes, death, low
production, and other involuntary reasons. Major culling reasons were grouped as low
production, reproduction (metritis, anestrous, infertility, abortion), foot problem,
abomasum displacement, mastitis, and udder problems, and others (Selling,

slaughtering, injuries, death, acidosis, paralysis, etc.)
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3.3.  Statistical Analysis

Reproductive and milk production traits and culling reasons data were tested to
determine normal distribution by F-test, and One-way ANOVA was used to compare
data according to groups. Group was included to model as a factor and the other
variables as the dependent variable. Variances were tested by the homogeneity of
variances test, and variances were homogeny; therefore, the Tukey HSD test was chosen
as post hoc multiple comparisons. Proportional data were analyzed by Chi-square Test.
Pearson Chi-Square or Fisher's Exact Test were used for the significant level of the
results. Correlation analysis was done by Pearson correlation.

Differences were considered significant at a probability level of p<0.05, and the
confidence level was 95% in all analyses. All statistical analysis was performed with
SPSS software (version 20.0, SPSS Inc, USA).
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4. RESULTS
4.1.  Calf Period Disease Incidence and Maternal Influences
The morbidity averaged 16.8% in all parity dam calves, and significant differences
(p<0.05) were observed between parities. The lowest disease incidence was in the third
parity dam’s calves (p<0.05). Although diseases incidence was similar in first and
second parity dam’s calves (p>0.05), the disease case percentage was low in second

parity than first parity dam’s calves (Table 1).

Table 1. Effect of the maternal parity on the health status of the calves

Health Status

Total Significance Letter
Healthy Disease
Count 99 30 129
! % within Parity 76.7% 23.3% 100% @
. Count 78 14 92
Parlty 2 % within Parity 84.8% 15.2% 100% :
Count 56 3 59
3 % within Parity 94.9% 5.1% 100% b
Total Count 233 47 280
% within Parity 83.2% 16.8% 100%
p 0.002

p: 1-3, p=0.002; 2-3, p=0.05
The occurrence of respiratory diseases was higher (55.3%) than all the other

diseases. As expected, first parity dam’s calves were more affected by respiratory
infection compared to third parity calves. It is important to note here that the incidence
of respiratory diseases was highest in the second parity (Table 2).

The digestive diseases percentage in all parity calves was 27.7%. Digestive
diseases were the second major disease problem in the calves of the herd. The lowest
incidence of digestive diseases was in the second parity dam’s calves, and morbidity of

digestive diseases remained the same (33.3%) in the first and third parity dam’s calves
(Table 3).
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Table 2. Effect of the maternal parity on the incidence of respiratory diseases in the calves

Diseases
Total
Other Diseases Respiratory Diseases
Count 14 16 30
! % within Parity 46.7% 53.3% 100%
Count 5 9 14
Parit - .
y 2 % within Parity 35.7% 64.3% 100%
Count 2 1 3
3 % within Parity 66.7% 33.3% 100%
Count 21 26 47
Total % within Parity 44.7% 55.3% 100%
Table 3. Effect of the maternal parity on the incidence of digestive diseases in the calves
Disease
I inal Total
Other Diseases Ggstromtestlna
Diseases
Count 20 10 30
! % within Parity 66.7% 33.3% 100%
Count 12 2 14
Parity 2 L .
% within Parity 85.7% 14.3% 100%
Count 2 1 3
3 % within Parity 66.7% 33.3% 100%
| Count 34 13 47
Tora % within Parity 72.3% 27.7% 100%
Table 4. Effect of the maternal parity on the incidence of umbilical and other diseases in the calves
Disease
; Total
(F;esplr.atory. Umbilical and Other
astrointestinal Diseases
Diseases
Count 26 4 30
! % within Parity 86.7% 13.3% 100%
Count 11 3 14
Parity 2 - .
% within Parity 78.6% 21.4% 100%
Count 2 1 3
3 % within Parity 66.7% 33.3% 100%
Count 39 8 47
Total s .
% within Parity 83.0% 17.0% 100%

36



The umbilical and other diseases were grouped together and averaged 17.0%. It
is important to note here that the incidence of umbilical and other diseases increased
with the increase in parity and the highest percentage (33.3%) was in the third parity
dam’s calves (Table 4).

4.2.  Reproduction of Heifers

The descriptive statistics for reproductive traits of interest for heifers reached
puberty and inseminated are presented in table 5. First insemination age in the heifers
from all parity groups (days, month) were evaluated and averaged 481-d and 16-mo,
respectively. The first insemination age in the heifers remained similar among the
parities (p>0.05). Similarly, the number of inseminations also remained similar among
the parity. The heifers which successfully calved were analyzed for the gestation period,
and results showed a non-significant (p>0.05) effect of maternal age and parity (Table
6). We also studied the correlation of maternal age at first insemination (AFI), the
number of inseminations (NI), milk yield parameters, and longevity on the offspring AFI
and NI, and non-significant results were found (p>0.05) (Table 14).

4.3.  First Lactation Milk Production

Regarding milk production, 100-d yield. 305-d yield, peak milk yield, and days to
reach the peak were studied are shown in table 5. 100-d and 305-d milk yield averaged
3612 kg and 9688 kg respectively, and non-significant effect (p>0.05) of dam’s parity
were observed between the group. Similarly, peak milk yield and days to reach the peak
also remained similar (p>0.05) among heifers from primiparous and multiparous dams.
Except for NI in dams which showed a significant positive correlation (p<0.05) with
305-d first lactation yield of offspring, AFI, milk yield traits in the first lactation, and
longevity of the dams showed non-significant correlations (p>0.05) with the milk yield

studied parameters in the offspring (Table 14).
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Table 5.

Descriptive statistics for the reproductive traits, milk production, and culling reasons of the offspring

Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum ~ Maximum
Lower Bound  Upper Bound
Age at First 1 111 479.01 57.479 5.456 468,20 489,82 392 721
Insemination 2 74 486.66 43.312 5.035 476,63 496,70 416 630
(day) 3 41 476.46 39.478 6.165 464,00 488,92 417 577
Total 226 481.05 50.171 3.337 474,48 487,63 392 721
Age at First 1 111 15.9674 1.91577 .18184 15,6070 16,3277 13,07 24,03
Insemination 2 74 16.2223 1.44366 16782 15,8878 16,5568 13,87 21,00
(Month) 3 41 15.8827 1.31590 .20551 15,4673 16,2980 13,90 19,23
Total 226 16.0355 1.67223 11124 15,8163 16,2547 13,07 24,03
1 110 1.75 1.200 114 1,52 1,97 1 9
Number of 2 73 1.47 .899 .105 1,26 1,68 1 5
Insemination 3 41 1.83 1.160 181 1,46 2,20 1 6
Total 224 1.67 1.108 .074 1,52 1,82 1 9
1 102 274.06 8.669 .858 272,36 275,76 210 294
Gestation 2 58 275.36 4771 .626 274,11 276,62 267 289
Period 3 24 273.04 4.102 .837 271,31 274,77 267 286
Total 184 274.34 7.161 .528 273,30 275,38 210 294
1 91 9608.1868 1936.46348 202.99653 9204,8988 10011,4749 4102,00 18234,00
Milk Yield 2 49 9481.7551 1830.84508 261.54930 8955,8750 10007,6352 3349,00 12738,00
305-d 3 20 9760.2000 1338.72094 299.34710 9133,6593 10386,7407 7808,00 11896,00
Total 160 9588.4688 1831.96699 144.82971 9302,4306 9874,5069 3349,00 18234,00
1 91 3448.4615 2810.54475 294.62514 2863,1373 4033,7858 1094,00 27555,00
Milk Yield 2 49 4075.4286 3477.19459 496.74208 3076,6617 5074,1955 2066,00 25050,00
100-d 3 20 3220.1000 364.35334 81.47188 3049,5774 3390,6226 2678,00 3947,00
Total 160 3611.9250 2870.18752 226.90825 3163,7821 4060,0679 1094,00 27555,00
1 84 46.2048 7.97680 .87034 44,4737 47,9358 32,30 68,70
Peak 2 47 46.4617 6.58703 .96082 44,5277 48,3957 32,10 64,10
Milk Yield 3 20 445700 5.13298 1.14777 42,1677 46,9723 35,90 51,90
Total 151 46.0682 7.22563 .58801 44,9064 47,2301 32,10 68,70
Days to 1 84 69.2143 24.36325 2.65825 63,9271 74,5014 29,00 133,00
Peak Milk 2 47 64.4681 25.43949 3.71073 56,9988 71,9374 24,00 142,00
Yield 3 20 67.5000 26.28087 5.87658 55,2002 79,7998 30,00 143,00
Total 151 67.5099 24.87807 2.02455 63,5096 71,5102 24,00 143,00
1 40 972.83 497.247 78.622 813,80 1131,85 125 1929
Culling 2 27 838.04 392.368 75.511 682,82 993,25 141 1591
Age (Days) 3 5 797.00 338.189 151.243 377,08 1216,92 280 1212
Total 72 910.07 451.363 53.194 804,00 1016,13 125 1929
1 40 32.43 16.575 2.621 27,13 37,73 4 64
Culling Age 2 27 27.93 13.079 2.517 22,76 3311 5 53
(Month) 3 5 26.57 11.275 5.042 12,57 40,57 9 40
Total 72 30.34 15.046 1.773 26,80 33,87 4 64
4.4.  Culling Reasons and Herd Life of the Offspring

Generally, from studied offspring, 83 were removed from the herd based on different

culling reasons. The culling reasons were grouped into reproduction problems, low

production, foot problems, mastitis and udder problems, abomasum displacement, and

all the other reasons such as the death of animals, sales for breeding purposes and

slaughtering, injuries, metabolic problems, etc. were added to other reasons. Overall, up

to 48% of the animals left the herd because of other reasons, and the prevalence of

offspring for leaving the herd due to the other reasons were similar among the parities

(50%) except second parity in which culling due to other reasons was 43% (Table 12).
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Among the other groups except “other reasons” in all parities major reason for the
culling was the reproductive problem (29%) and individually, the highest reason for
culling in the second parity dam’s offspring; however, it was the same among first and
third parity dam’s calves (Table 10). The second major culling reason was the low
production (Table 8), and the remaining 15% from all the parties were culled due to foot
problems, mastitis, and udder problem, and abomasum displacement (Table 7,9,11).
Between the parity, culling prevalence was high in the primiparous dam’s offspring,
followed by second and third parity dam’s offspring. We also found a significant
(p<0.05) positive correlation between maternal and offspring culling reasons (Table 13).
However, the herd lives (both days and months) were not different (p>0.05) among
primiparous and multiparous dam calves (Table 5 and 6). Maternal AFI, NI, milk
production parameters, and longevity did not show any correlation with the longevity of
the offspring (p>0.05).

Table 6. Effect of the maternal age and parity on the reproductive and milk production traits and culling reasons on the offspring in
Holstein dairy cows

Sum of Squares df Mean Square F Sig.
Age at First Between Groups 3655.623 2 1827.811 124 .486
Insemination Within Groups 562699.740 223 2523.317
(day) Total 566355.363 225
Age at First Between Groups 4.055 2 2.027 723 .486
Insemination Within Groups 625.128 223 2.803
(Month) Total 629.183 225
Between Groups 4712 2 2.356 1.937 147
Number of Within Groups 268.842 221 1.216
Inseminations Total 273.554 223
Between Groups 109.107 2 54.553 1.065 .347
Gestation period Within Groups 9274.002 181 51.238
Total 9383.109 183
Milk Yield Between Groups 1183215.758 2 591607.879 74 .840
305-d Within Groups 532437170.085 157 3391319.555
Total 533620385.844 159
Milk Yield Between Groups 16029026.685 2 8014513.342 .973 .380
100-d Within Groups 1293809222.415 157 8240823.073
Total 1309838249.100 159
Between Groups 53.736 2 26.868 511 .601
Peak Milk Yield Within Groups 7777.731 148 52.552
Total 7831.467 150
Days to Peak Between Groups 678.890 2 339.445 .545 .581
Milk Yield Within Groups 92158.845 148 622.695
Total 92837.735 150
Culling age Between Groups 361547.915 2 180773.957 .884 418
(Days) Within Groups 14103166.738 69 204393.721
Total 14464714.653 71
Culling age Between Groups 401.629 2 200,815 ,884 ,418
(Month) Within Groups 15670.462 69 227,108
Total 16072.092 71
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Table 7. Offspring culling rates due to foot problems according to dam parity

Culling Reason

Total
Total Culling Animal Foot Problem
Count 43 4 47
Parity ! % within Parity 91.5% 8.5% 100%
Count 27 1 28
2 % within Parity 96.4% 3.6% 100%
Count 8 0 8
3 % within Parity 100.0% 0.0% 100%
Count 78 5 83
Total % within Parity 94.0% 6.0% 100%
Table 8. Offspring culling rates due to low production based on dam parity
Culling Reason
Total
Total Culling Animal Low Production
Count 43 4 47
! % within Parity 91.5% 8.5% 100%
) Count 25 3 28
Parity 2 % within Parity 89.3% 10.7% 100%
Count 8 0 8
8 % within Parity 100% 0.0% 100%
Count 76 7 83
Total % within Parity 91.6% 8.4% 100%
Table 9. Offspring culling rates based on mastitis and udder problems in accordance with dam parity
Culling Reason
Total Culling Animal Mastitis and Udder Total
Problem
Count 45 2 47
! % within Parity 95.7% 43% 100%
] Count 27 1 28
Parity 2 % within Parity 96.4% 3.6% 100%
Count 7 1 8
3 % within Parity 87.5% 12.5% 100%
Count 79 4 83
Total % within Parity 95.2% 4.8% 100%

Table 10. Offspring culling rates based on reproductive problems in accordance with dam parity
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Culling Reason

Total
Total Culling Animal Reproduction
Count 35 12 47
! % within Parity 74.5% 25.5% 100%
) Count 18 10 28
Parity 2 % within Parity 64.3% 35.7% 100%
Count 6 2 8
3 % within Parity 75.0% 25.0% 100%
Count 59 24 83
Total % within Parity 71.1% 28.9% 100%
Table 11. Offspring culling rates based on abomasum displacement in accordance with dam parity
Culling Reason
Displacement of Total
Total Culling Animal Abomasum
Count 46 1 47
! % within Parity 97.9% 2.1% 100%
) Count 27 1 28
Parlty 2 % within Parity 96.4% 3.6% 100%
Count 7 1 8
3 % within Parity 87.5% 12.5% 100%
Count 80 3 83
Total % within Parity 96.4% 3.6% 100%
Table 12. Offspring culling rates based on other reasons in accordance with dam parity
Culling Reason
Total
Total Culling Animal Other Reasons
Count 23 24 47
! % within Parity 48.9% 51.1% 100%
) Count 16 12 28
Parity 2 % within Parity 57.1% 42.9% 100%
Count 4 4 8
8 % within Parity 50.0% 50.0% 100%
Count 43 40 83
Total % within Parity 51.8% 48.2% 100%
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5. DISCUSSION and CONCLUSION
5.1.  Calf Period Disease Incidence and Maternal Influences
Morbidity and mortality are the major constrain in the development and economy of
the dairy industry (Acha et al., 2004). In the present study, the calf period diseases
incidence averaged 16.8%, lower than in the other studies (Erdogan et al., 2009; Tokgdz
et al., 2013). Further, the most common problem in the calves were respiratory diseases
(55.3%), followed by gastrointestinal diseases (27.7 %), and umbilical and other issues
such as arthritis, eye problems, etc. (17%). Demir et al. (2019) also reported respiratory
diseases as a significant disease problem in the calves. However, the incidence of
respiratory diseases was two times higher than reported by Demir, & Bozulkhan (2012).
On the contrary, gastrointestinal diseases were the most common problem in calves,
followed by respiratory diseases in some studies (Walker et al., 2012; Windeyer et al.,
2014). Nevertheless, the gastrointestinal diseases were in the range of reported by these
studies except Furman-Fratczak et al. (2011), who wrote a higher incidence rate of
digestive diseases. Windeyer et al. (2014) reported several risk factors affecting the
incidence of calf diseases, which can be the reasons for this difference in the results of
our study and other studies noted.

In this study, calf period diseases incidence decreased with the increase in
maternal parity. The highest incidence of diseases was in the first parity dam's calves
and lowest in the third parity dam's calves. There are two possible reasons for the
decreases in diseases incidence in calves with increases in maternal parity. First, after
parturition, many cows suffer from inflammatory diseases (Ribeiro et al., 2013),
nutritional change (Santos et al., 2011), and environmental stresses (Monteiro et al.,
2016), which alter the reproductive organs biological functioning (Bromfield et al.,
2015; Ribeiro et al., 2016). These changes in the uterine environment with increases in
maternal parity, diseases, and other environmental stresses not just reduce the fertility in
cows but also affect the developing fetus and can influence its survival and calf duration

health and performance. Thus, uterine programming of the fetus improves the health and
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survival in the calves due to predictive adaptive response. However, half of the
parturition cows suffer from inflammatory diseases after the first partition, but the
disease incidence results in calves from first and second parity cows were non-
significant. Therefore, maternal intrauterine immunological programming, uterine
growth, and post-parturition passive transfer of the immunity can be the most probable
second reason for the health and survival in the calves from the higher parities. The
maternal harsh environmental, and disease experiences program the fetus for developing
a strong immunological response to fight against the infections (Williams, Teeling,
Perry, & Fleming, 2011). Furthermore, the birth weight indicates intra-uterine growth,
and the first parity cows give birth to lighter calves than multiparous cows (Hoseyni et
al.,, 2016). Additionally, higher parity cows also produce high-quality colostrum
compared to younger cows (first and second parity), and the calves receiving colostrum
from younger dams have less developed immune response and are more susceptible to
diarrhea and respiratory diseases (Gulliksen et al., 2009; Svensson et al., 2003).
Collectively, intrauterine programming and growth and passive transfer of the immunity
through colostrum protect the higher parity dam's calves from diseases. Therefore,
umbilical and other problems were higher in the higher parities than respiratory and
gastrointestinal diseases.

Among all parity dam's calves, respiratory and gastrointestinal problems were
highest in the first parity calves. It is also important to note here that in all three parities,
the respiratory problem was highest in the second parity dam calves, but the digestive
diseases were lower in multiparous dam's calves. This is because younger cows have a
higher incidence of dystocia, and claves exposed to dystocia have two times more
susceptibility to infections (Azizzadeh, 2011). Further, dystocia exposed calves are less
able to absorb the immunoglobulins from the colostrum (Asmare, & Kiro, 2016). In
addition, low-quality colostrum is also reported in second parity cows (Morin et al.,
2001). Therefore, exposure to dystocia, FPT of immunoglobulins, and low-quality

colostrum collectively increase respiratory diseases in second parity cows.
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5.2. Reproduction of Heifers

As discussed above, the increase in maternal age and parity results in a change in
reproductive organs biology, uterine environment, ovum quality, and such effect carries
over to the next generation. An increase in the parity of cows results in a reduction of
fertility (Balendran et al., 2008). This decrease in fertility with parity does not affect the
reproductive performance of heifers from primiparous and multiparous dams. The
reproductive performances of all heifer groups were similar. All parity heifers were first
inseminated at an average age of 481.05-d and 16.05-mo, and the number of
insemination per conception was averaged 1.67. These results are in the rage of Swali, &
Wathes (2007), who reported services per conception 1.4-1.7 and first insemination age
444 — 448-d. The gestation length presented here is also in range with the results
reported by (Swali, & Wathes, 2006) and gestation length similar as observed by
Carvalho et al. (2020) but five days short, and inseminations were less than reported by
(Eaglen, Coffey, Woolliams, & Wall, 2013).

Similar to our results, other studies also reported comparable pregnancy rates and
fertility in heifer from primiparous and multiparous dams during the first reproductive
season (da Silva et al., 2016s Fuerst-Waltl et al., 2004). Carvalho et al. (2020) reported
better reproduction in heifers which showed early reach to puberty and early calving
from primiparous dams compared to multiparous dam's calves. However, fertility
remained similar among all parity heifers. Similarly, Swali, & Wathes (2007) reported
better reproduction in the primiparous dam's calves based on reaching the breeding age
earlier, conceiving faster. Although researchers also reported similar fertility among the
offspring from all the groups, and inseminations per conception were in the range of our
study. In the line, Beard et al. (2020) study showed the early entry to puberty by the
primiparous dam's heifers in Simmental dairy cows. However, no effect of maternal age
was observed on pubertal growth and pregnancies. These slight differences in results can
be due to birth weight and daily weight gain of the offspring, which, similar to our
research, were not studied by Carvalho et al. (2020).

Nevertheless, other studies showing better reproduction based on prior entry to

puberty studied and reported lighter birth weight and body size from primiparous cow
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calves. Swali, & Wathes (2007) also summarized that although primiparous dam's
offspring were more lightweight and smaller, they showed a catchup growth after three
months. No differences were observed among the all parity dam's calves. Hoseyni et al.
(2016) also reported no effect of the maternal parity on the average daily gain of the
offspring after weaning. Wathes et al. (2008) also reported better reproductive
performance in the calves showing decent growth at the growing period.

Generally, heifers are bred at the age of 15 months when they attain up to 60% of
mature body weight and give birth around 24 months (Coffey, Hickey, & Brotherstone,
2006). However, at the dairy farms raising and breeding heifers is a critical management
task. Many studies reported several financial benefits of early breeding and calving but
deciding the optimal age from breeding is crucial. Heifers from the dams giving birth
around 23 months of age require 7% more insemination than heifers born from the dams
around 26 months of age (Banos et al., 2007). Furthermore, early calving animals lose
their BCS if they are high producing and give birth to lighter and smaller calves which
have reproductive problems during the first reproductive season (Swali, & Wathes,
2006). Therefore, in the studied farm, the animals were deliberately bred at the age of 16
months so that they can give birth at the age of 25 months so that that uniformity can be
obtained in the calves at the time of weaning and less management and nutrition should
be employed for the catch-up growth of the calves and the recovery of the BCS in dams.
Similarly, Banos et al. (2007) also concluded that the breeding decisions should be taken
wisely and carefully and reported AFC between 24-29 months for optimal production
and fertility. Likewise, Cooke et al. (2013) also reported better performance when the

animals are bred and first give birth before 26 months but more than 23 months.

5.3.  First Lactation Milk Production

For the nourishment of the growing fetus, milk production is the main adversary.
Early lactation can affect the fetus indirectly via hormonal changes when the fetus
requires fewer nutrients and directly when the fetus grows rapidly at the ending of the
lactation (Schoonmaker, & Eastridge, 2013). It is also well accepted that milk

production rises with the advancement of lactation and parity (Boujenane, 2021; Yoon et
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al., 2004). Thus, in higher parities, the higher milk production during gestation and
changes in the reproductive biology of the reproductive organ can influence the first
lactation milk yield of the offspring. In the present study, we did not observe any effect
of maternal parity on the offspring's first lactation milk production studied parameters.
These results are similar to the results reported by Van Eetvelde et al. (2017), with just a
higher milk production in the heifers of the present study. Hoseyni et al. (2016) also
reported no difference in heifers 305-d milk production produced from primiparous and
multiparous Holstein cows.

Contrary to presented results, in Simmental dairy cows, Fuerst-Waltl et al. (2004)
discovered a negative relationship between maternal age and offspring 305-d ECM
yield. Banos et al. (2007) also reported less milk production in offspring from dams
giving late birth in first and second parity. Carvalho et al. (2020) reported no difference
in observed milk production from primiparous and multiparous dam calves. However,
when the estimated breeding value was considered, offspring from primiparous dams
had higher genetic merit for milk production. Storli et al. (2014) also reported the
significant influence of the maternal age and parity on first and second lactation milk
yield of the offspring, but they did not found any significant difference in progenies
from second and higher parity dams.

In the present study, the average 305-d milk yield peak yield was higher than
reported by Dominguez-Castario et al. (2021), and days to reach the peak were higher
than reported by the study of Boujenane (2021). 305-d MY was in the range reported by
Hoseyni et al. (2016) but reported less than the present study by Kara, & Koyuncu
(2018). These differences in production can be due to differences in feeding,
management, and breeding practices. Similar to our study results, no relationship was
found for the maternal milk yield parameters on the offspring's first lactational milk
yield (Astiz et al., 2014). Though maternal milk negatively affects the 305-d milk
production in offspring, this change was negligible for consideration practically (Banos
et al., 2007). In the first and second lactation of offsprings Berry et al. (2008) reported
adverse effects of the high maternal milk yield. However, except for NI in dams which

showed a significant positive correlation with 305-d first lactation yield of offspring,
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AFI, milk yield traits, and longevity of dam in first lactation and longevity of the dams
showed non-significant correlations all these studied parameters in the progenies. No
association of maternal milk yield to the offsprings milk yield in the present and similar
result reporting studies can be described on the fact of different energy states of the
dams with high milk yield (Bach, 2012) but not the higher milk yield which affects the
offsprings first lactation performance energy states of the dams at birth but not the milk
yield management and nutrition of the dams because, heifers milk supply during the first
lactation was not related with any of the maternal variables such as milk production, or
with the growth of the heifer during the first year of life (Van Eetvelde et al., 2017). In
the line, although the birth weight was significantly different in the calves from
primiparous and multiparous cows, authors reported non-significant difference in ADG
in all to calve groups, and AFC were observed similar in the offsprings, indicating parity
did not influence the growth and first calving age and production during the first
lactation in primiparous and multiparous dam's progeny (Hoseyni et al., 2016).
Researchers also reported a loss in BCS at first calving and the metabolic profile of the
dams and the offsprings after first calving (Meikle et al., 2004; Swali, & Wathes, 2006).
Better maternal BCS during gestation positively affects the BCS in calves at the time of
calving and fertility. Additionally, change in BCS at the time of pregnancy did not affect
the offspring's performance (Banos et al., 2007). Thus it is a matter of critical
management and nutrition to meet the requirements of the dairy calves to show better
growth, attain the pubertal weight earlier, bred and calve at optimal age offer high
production and to prevent negative energy balance and to lose their condition during the
first lactation for getting higher fertility and production in higher lactations and the
future performance of the offspring. Inline to present study results, other researchers
highlighted the importance of the weight at calving, optimal breeding, and calving age
importance for the first lactation production (Coffey et al., 2006; Van Eetvelde et al.,
2017).
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5.4.  Culling Reasons and Herd Life of the Offspring

Culling risk increases with an increase in the parity of the animals, and the animals
having difficulty in parturition, fertility problem, and higher lactation are at the higher
risk of culling. In the present study, the average longevity was found higher in the first
parity dam's offspring, and the observed longevity of offspring decreased with the
increase in maternal parity. However, differences were non-significant, and the
longevity of the offspring was not maternal parity. Similar to our results, Carvalho et al.
(2020) found less culling and higher longevity in primiparous offspring than multiparous
dams, but the results were significantly different. Contrary to the preset result, Beard et
al. (2019) reported a significant difference in the longevity of offspring from
primiparous young dams compared to multiparous dams. They found higher longevity
and calf crop from offspring of younger dams. Similar results were also reported by
Cushman et al. (2020). The risk of the culling also increased in offspring with maternal
age in Simmental dual-purpose cows (Fuerst-Waltl et al., 2004).

The longevity of the Holstein cows in the present study averaged 30.34-mo and
was slightly higher than Atakan (2007) and less than reported by other studies in Turkey
(Yaylak, 2003; Kara et al., 2010; Kara, & Koyuncu, 2018). Usually, 50% of animals are
culled on voluntary basis (Kara et al., 2010) by the breeder's preferences, which results
in differences in the average longevity of the cows across different farms. Although no
maternal age and parity effects were found in the offspring longevity, we found a
significant positive correlation across the maternal and offspring culling reasons,
indicating that it is not the maternal age or parity that influences the longevity in
offspring but the maternal culling reasons. No such correlation has been reported in
published literature. Calvalho et al. (2020) reported less clinical diseases incidence in
primiparous dam's offspring compared to multiparous dam's offspring, and primiparous
dam's offspring were less likely to leave the herd. Similarly, Gonzalez-Recio et al.
(2012) reported incidence of subclinical mastitis in the dams during offspring gestation
reduces the longevity but does not influence the milk yield of the offspring. This can be
the possible reason for the difference in the present and other studies' results because

they did not evaluate the association between maternal and offspring culling reasons.

48



In the present study, we also tried to figure out and categorize the primary
culling reasons in the mature cows across different parity dams. For a better
understanding and evaluation, some culling factors such as selling for breeding purposes
and slaughtering, injuries, death other minor culling factors were categorized as "other
factors™ and remained similar across the parities. Among the remaining culling reasons,
reproductive problems were the primary issue across all the parity (28.9%) and were
highest in second parity cows. Similar to previous researches, where the causes for
culling were investigated, the findings indicate concordance (Workie et al., 2021,
Chiumia et al., 2013). However, Udder health issues were higher in both studies, 12.9%
and 26.9%, respectively. These differences can be due to the origin of the animals, the
number of studied animals, and their milk yield and parity. Increasing age, parity,
lactation stage, and milk production all contribute to increasing the incidence of mastitis
(Assefa, 2021). An increase in sub-clinical mastitis was also seen in first to fourth-parity
dairy cows by Mirzaei et al. (2021).

In the present study, reproductive issues, low production, foot problems, mastitis,
and udder problems, and displacement of abomasum ate culling reason averages 28.9,
8.4, 6.0, 4.8, and 3.6%, respectively. Atakan (2017) reported fertility problems,
metabolic problems, udder problems, and low production rate culling reasons of 26.97,
7.69, 7.69, and 0.00%, respectively in Holstein dairy cows. Yaylak (2003) reported
fertility problems, low production, udder problems, and foot problems 40.2, 16.2, 17.9,
and 2.2 %, respectively. Kara et al. (2010) reported a 24, 20, 5% rate of culling reason
for udder problems, reproductive problems, and low production respectively in the
Holstein cows. The rate of the culling reasons cows was 23, 15, 7, and 6% for metabolic
diseases, mastitis, foot diseases, and reproduction diseases, respectively in Holstein
dairy cows (Kara et al., 2010). Karslioglu (2007) reported a rate of culling reasons such
as low milk output (4%), reproductive issues (21%), udder problems (20%), and foot
problems (5%). Differences in the culling reasons of present and other studies can be
due to herd size, region, milk yield, and preferences of the breeders for culling decisions
(Kara et al., 2010; Smith et al., 2000).
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In conclusion of the present study, maternal age influenced disease incidence
during calf duration, and the highest incidence of calf duration diseases was observed in
younger dams (first and second parity) compared to third parity cows. First insemination
age, number of inseminations, peak milk yield, time to peak milk yield, 305-d milk yield
found unaffected by the maternal parity. Longevity, although decreased with the
increase in parity, however, results differences remained non-significant. No correlation
was found in maternal first insemination age, the number of insemination, peak milk
yield, time to peak milk yield, and 305-d milk yield parameters on all these parameters
of their offspring except 305-d milk yield of the offspring's, which showed that their
offspring's positive correlation with the number of inseminations in the dam. We also
investigated the primary culling reasons of the progeny, and reproductive diseases were
the major culling reason followed by low production, mastitis and udder problems, foot
problems, and abomasum displacement. Interestingly we found a significant positive
correlation between dam'’s culling reasons and the culling reasons of their heifers.

Maternal influences on the calf duration diseases incidence are less investigated,
and it can be suggested from the present results that extra care should be paid to younger
dam’s calves. Birth weight, ADG, the health of the calves should form the younger dams
should monitor consistently, and the colostrum quality of the dams also be analyzed
before feeding to the calves. For better reproductive and milk production performance,
lighter weight calves have to be managed separately for better catchup growth, and for
replacement heifers, a significant emphasis should give on development and breeding
age and inseminations and according to the study results breeding at 14-16 months with
minimum possible inseminations and first calving at the age of 23-26 months is
suggested. Longevity is a complex functional trait, and the breeder makes culling
decisions based on several factors. However, for dams culling reasons should be
evaluated critically because they not only affect the culling, replacement, and economics
but also the rate of culling diseases in the offspring.

Maternal age and parity influences reproduction, first lactation milk yield
parameters were unclear, and information effects over the calf duration diseases

incidences and culling reasons and correlation among maternal and offspring's culling
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reason were not investigated in Holstein cows. Therefore, the present study results can
be the guideway for the management and breeding decisions at the farms. In addition,
this research serves as a beacon for future research in this field. Further studies are
recommended to investigate the effect of maternal age and production on the intrauterine
programming, growth, and molecular mechanisms behind these changes and their

influence on the health and future performance of the calves.
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7. SYMBOLS and ABBREVIATIONS

ADG: Average Daily Gain
DNA: Deoxyribonucleic Acid
RNA: Ribonucleic Acid

LOS: Large-Offspring Syndrome
NCD: Neonatal Calf Diarrhea
BRD: Bovine Respiratory Disease
FPT: Failure in Passive Transfer
Ig: Immunoglobulin

IgG: Immunoglobulin G

IgG1: Immunoglobulin G1
SCC: Somatic Cell Count
BCS: Body Condition Score
BW: Birth Weight

ADG: Average Daily Gain
AFC: Age at First Calving
MY: Milk Yield

ATP: Adenosine Triphosphate
LMY: Lactation Milk Yield
SNF: Solid Not Fat

AFI: Age at First Insemination
NI: number of inseminations
-d: Days

-mo: Months

g: Gram

L: Liter

mg: Milligram

ml: Milliliter

$: Dollar

Kg: Kilogram

%: Percentage

~: Approximately
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