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ABSTRACT 

Multiple studies were conducted to evaluate management options for cows in a 

thermal stress environment. Those options included cooling to enhance cow comfort, 

recombinant bovine somatotropin (rbST; Posilac®) to potentially increase nulk 

production, and reproductive hormone scheduling to coordinate follicular growth leading 

to ovulation. 

In the first series of trials measuring the effects of cooling and rbST on milk yield, 

reproductive performance, and health in Jersey cows during two sununers of thermal 

stress, cows were divided into one of two pens. Both Year 1 and Year 2 control cows 

(n = 143 and n = 183, respectively) were housed in a pen with no cooling other than 

shade. The cooled treatment cows each year (n = 142, n = 180) were housed in a pen 

utilizing the Universal Fog cooling system. One half of cows in each group was assigned 

to receive rbST on d 63 postpartum (pp). Cows were assigned to the trial at various days 

pp, but no cow was assigned prior to d 63, coincident with commencement of rbST 

injections. The main effect for cooling in combination with rbST increased milk yield 

compared to no cooling and no rbST for 1999 and 2000 (2S.S vs 21.8 kg/d, and 23.7 vs 

20.5, respectively; P < 0.05). Cooling and rbST effects on milk yield were additive the 

first year, but had a synergistic interaction the second year. Incidences of mastitis (8 vs 17; 

P < 0.05) for both years and laminitis (2 vs7-,P< 0.05) for Year 1 were both reduced by 

cooling. Reproductive performance was improved in cows given access to cooling (126 

pregnant and 6 abortions) vs shade only (112 pregnant vs 13 abortions) in Year 1 
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{P < 0.05). Additional income over cooling cost was 670/cow per day for Year 1 and 

52^/cow per day for Year 2. 

In the second series of experiments, Holstein and Brown Swiss cows at 56 i: 3.5 d 

pp were used to evaluate ovulation rates over three seasons, including two summers when 

half the cows were cooled. All cows received rbST beginning d 63 ± 3.5 pp regardless of 

treatment. For Exp. 1, 58 cows were assigned at calving, beginning June 1, 1999, to either 

a cooled (Korral Kool™) or non-cooled (shade only, control) pen. At d 56 ± 3.5 pp, all 

cows commenced a hormonal program coined Select Synch, comprised of an injection of 

GnRH (100 ng) agonist (Factrel®) followed 7 d later with an injection of PGFza (25 mg 

In-Synch™), at which time ultrasonography was initiated and continued until ovulation or 

follicular turnover. Experiment 2 was conducted the same as Exp. 1, with the assignment 

of cows starting Nov. 1, 1999. In Exp.3, all cows were assigned the same as Exp. 1 and 2 

beginning June 1, 2000. At d 56 ± 3.5 pp, cows were scheduled to commence Ovsynch, 

% which was identical to Select Synch, except a second Factrel injection was administered 

33 h after 35 mg Lutalyse*^. Ultrasonography was the same as described above. Ovsynch 

led to a higher frequency of ovulations for the non-cooled and cooled cows (77.3 and 

69.6%, respectively), than Select Synch for the non-cooled, cooled, and winter treatments 

(27.6, 24.1 and 29.4 %, respectively). Ovulation frequencies were related more to 

hormonal programming rather than the season. 
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CHAPTER 1 
METHODS FOR IMPROVEMENT OF PRODUCTION EFFICIENCY IN THERMAL 

STRESSED DAIRY COWS 

Introduction 

As the population of the United States moves to warmer winter climates, such as 

the southeast and southwest, at latitudes 3S° or less north of the Equator, the need for 

increased milk production in these areas has led to large commercial dairy operations with 

animal numbers in the thousands (Armstrong and Hillman, 1998). These areas are typically 

areas of high summer temperature, humidity, and solar radiation. The intense summer 

environmental conditions translate into thermal stress and, historically, have not been 

conducive to animal agriculture in general, and dairy cows in particular. The need for a 

local supply of fresh milk with its high quality of nutrition has been the driving force 

behind the continual attempts to successfully operate dairy farms in these areas. However, 

these management systems have not been without their problems as the range of 

temperature for high efiBciency of energy utilization (thermoneutral zone; NRC, 1981) for 

dairy cows (13 to 18°C) is exceeded on a regular basis, affecting economic success. 

Profitability is the key to success in all business operations. Dairy farm operations 

are no exception to this principle, yet the method most often used to evaluate a successful 

operation is the amount of milk produced per cow or per day (Van de Haar, 1995). 

However, few dairy producers actually know their cost of production. Researchers have 

identified eight steps to profitable dairying; adequate herd size, high milk per output per 

cow, controlled feed costs, prudent investments, high milk output per worker, good 

record keeping, sound replacement program, and striving for a high milk price (Speicher, 
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1968). Fluctuating feed and milk prices in the dairy industry lead to unstable economic 

conditions on most dairy farms. This mandates that in the U.S. the efficiency of the 

operation is the key to survival. 

Milk produced per cow is of primary importance as researchers have found a 

positive correlation (r^ = 0.58) between profit and milk yield (Stott, 1988). This high 

correlation between milk per cow and economic stability will always keep milk produaion 

as a primary factor driving profitability. This puts upward pressures on the level of milk 

produced per cow every time there is a price drop as total milk produced per day is used 

as a threshold for operation success. It must be emphasized that high milk production does 

not always translate into a profitable operation. Operations must produce high levels of 

milk at the lowest possible cost. 

Since milk production is the final phase of reproduction, the dairy industry must 

continually strive for improving reproduction to remain in an economically favorable 

position. Reproduction in dairy cattle has reached new levels of concern over the past 5 yr 

as milk production per cow has increased substantially fi'om implementation of new 

managerial techniques. Through the acceptance of nutrition consultants, total mixed 

rations, cooling during high thermal stress periods, new parlor designs for rapid milk 

harvesting, providing adequate cow comfort in housing, and, lastly, industry acceptance of 

using rbST, average milk production per cow per yr has increased approximately 1000 kg 

in the last 5 yr in Arizona alone (Halladay, 1998). Increased milk production coupled with 

increasing occupation of areas with high summer environmental thermal stress is a major 

concern in the dairy industry today. Dairy cows are more at risk of becoming hyperthermic 
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than most mammals because genetic selection for milk yield has produced an animal with 

high internal heat production (Hansen, 1997). A cow's heat of production is increased 750 

Kcal for every kg of milk produced; thus, the increase of 1000 kg in milk yield over the 

last 5 yr has increased heat output by 750,000 Kcal. 

The added stress on reproduction from high milk production through increased 

genetic capacity and improved management practices has led to research evaluating 

factors affecting fertility (Thatcher et al., 1999). This research problem has multiple 

components that will not easily be solved. In addition to the higher milk production is the 

increased metabolic heat load from increased dry matter intakes (DMI), which increases 

blood flow to the skin for evaporative and convecdve heat loss (Beede and Collier, 1986; 

Wilson et al., 1998). This adaptation to thermal stress, either from external or internal 

sources, brings about vasodilation of blood vessels near the skin, reducing blood flow to 

the internal organs like the intestines and reproductive organs, further complicating 

reproductive attempts (Beede and Collier, 1986; Wilson et al., 1998). 

Review of the Literature 

Thermal Stress and Dairy Cows 

A brief description of some of the biological mechanisms utilized by the high 

producing dairy cow to compensate for high thermal heat load will enhance understanding 

the managerial complexity of the problem. 

Cows maintained within a thermal neutral zone (TNZ; Figure 1) experience no 

stress and are able to maintain normal rectal temperatures with minimal physiological costs 

while achieving maximum productivity (Hansen, 1997; Johnson, 1987). As environmental 
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temperatures rise above TNZ the detrimental effects to productivity also increase 

(Armstrong and Hillman, 1998; Hansen, 1997; Johnson, 1987). Homeotherms such as 

cattle are able to dissipate heat to maintain body temperature through four basic methods; 

evaporation, convection, conduction, and radiation (Armstrong and Hillman, 1998; 

Hansen, 1997). Ruminants such as dairy cattle also generate heat through metabolism and 

heat of fermentation, increasing the overall thermal load. When total thermal heat load 

exceeds the heat loss capacity, body temperature rises and, if unchecked, the animal dies 

from hyperthermia (Hansen, 1997). As ambient temperature increases, the potential for 

non-evaporative heat loss is reduced from a decrease in the temperature gradient and the 

animal must rely on evaporative heat losses to dissipate excess heat generated by 

metabolism (Driancourt, 1991; Hansen, 1997). Fortunately, as air heats up it expands, 

which decreases relative humidity. This permits greater evaporation during the periods of 

high temperature. The maximal rate of water evaporation for heat loss in lactating cows is 

about 1.5 kg/h, which translates into about 4.3 kg/d (Berman et al., 1985). This rate of 

heat loss from evaporation is close to the heat production of a dry (non-lactating) 600 kg 

cow; however, only about half that produced by a cow yielding 30 kg of milk per day 

(Collier et al., 1981). In cattle under heat stress, about 15% of the endogenous heat is lost 

directly from the body core via the respiratory tract with the remainder of the metabolic 

heat being transferred by the circulatory system to the skin for dissipation (McDowell et 

al., 1976). This is accomplished by the above-mentioned methods where conduction, 

convection, and radiation depend on a temperature gradient to effectively transfer heat 

away from the body. 
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Evaporation operates on a vapor/pressure gradient and is affected by the humidity 

of the environment or surrounding air. Factors affecting the efficiency of the various 

means of adaptation include: changes in blood flow, vasodilation, heart rate, respiration 

rate, hair coat color, density, length and thickness of hair follicles, metabolic heat 

production, basal body weight, quality and quantity of nutrient intake, water consumption 

and retention, mineral balance and metabolism, thyroid hormone secretions, and gut 

motility (Armstrong and Hillman, 1998; Christopherson and Kennedy, 1983; Hansen, 

1997; King et al., 1988; Wilson et al., 1998). Improvement in each of these factors can be 

made through selection; however, progress will be slower than environmental 

modifications (Armstrong and Hillman, 1998). 

The environmental temperature and humidity states can be characterized by an 

index of these two variables termed temperature-humidity index (THI). This THI value 

can be obtained through formulas that take into account both the wet bulb and dry bulb 

temperatures and can be expressed as: 

THI = 0.72(W®C + D»C) + 40.6 

Where W®C = wet bulb and D°C = dry bulb (Collier et al., 1981). 

Another formula takes into account the dew point temperature and is expressed as: 

BGTHI = BGT + 0.36 T^p + 41.5 

Where BGT = Black bulb temperature 

And T^ = dew point temperature. (Collier et al., 1981). 
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These THI values are expressed in a table with corresponding teniperature and 

humidity values for easy use in determining stress levels (Appendix Table 25). A THI 

value of less than 70 is considered comfortable, above 72 affects productivity, with 75 to 

78 being considered stressful. Values greater than 78 cause extreme stress, and cows are 

unable to maintain thermoregulatory mechanisms and normal body temperature (Collier et 

al., 1981). High THI's impact the animal through increased respiration rates, rectal 

temperatures, and reduced DMI, which ultimately lead to reduced milk production and 

reproductive successes. 

Utilitv of Recombinant Bovine Somatotropin frbST) 

With approval of rbST in February, 1994, milk production per cow in the U.S. has 

increased substantially, leading to another option to improve profitability. Coupled with 

this increase in milk production is the increase in metabolic heat fi-om increased DMI. To 

understand how acceptance to this technology has changed feeding and managing high 

producing dairy cows, a brief explanation of the mechanisms of action are warranted. 

Bovine somatotropin (growth hormone) is a naturally occurring single chain 

polypeptide comprised of 191 amino acids, produced by the anterior pituitary and 

regulated through basically two hormones. Growth hormone releasing factor (GRF) and 

somatotropin release inhibiting factor (SRIF) are secreted by the hypothalamus under the 

influence of the GRF and SRIF balance (Middleton et al., 1988). Somatotropin is not 

stored in the body and is rapidly cleared from the blood through degradation of the protein 

to amino acids. Since the development of recombinant DNA technology in the 1970's, 
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sufficient quantities of bovine somatotropin have been available for the testing of this 

species-limited protein, recombinant bovine somatotropin (rbST). 

The effects of rbST administration are primarily on the utilization of absorbed 

nutrients. A few days after rbST treatment a series of changes in priorities of the 

physiological actions in the animal occur. These processes involve homeorhetic control of 

cenain metabolic ftinctions (Bauman and Currie, 1980). 

The effect or adaptations from the administration of rbST are from either a direct 

effect on the target tissues or indirect effects, which are mediated by the insulin-like 

growth factor (IGF) system (Bauman and Vernon, 1993). Insulin-like growth factor-1 

(IGF-1) belongs to a family of proteins which are needed to support mammary cell 

growth, survival, and milk production and is produced by the liver in response to 

circulating somatotropin. 

More than 1000 rbST studies have been done on over 20,000 cows (Bauman, 

1992). Generally, there has been an immediate increase in milk production after an 

injection of rbST and a greater lactational persistency. Lactation persistency refers to the 

slope of the lactation curve or rate of decline, which is normally 8 to 9% after peak milk 

production. If persistency and peak milk production are increased, then total lactational 

milk will be increased. 

The administration of rbST to high producing cows has shown increases of milk 

production up to 30% with absolute values ranging from 0 to 11 kg/d (McGuffey and 

Wilkinson, 1991). Response to a rbST injection is dependent on nutrition, environment, 

management, dose, parity, and health of cows. 
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Cows under heat stress have greater nutritional requirement for maintenance, but 

at the same time, DMI is greatly reduced. Therefore, under heat stress conditions the 

response to rbST may be limited by reduced intakes. The response to rbST under thermal 

stress is affected more by energy status of the animal than actual heat stress (Collier, 

1985). Tarazon et al.(1997) reported a response to 500 mg rbST of 3.6 kg/d of milk for 

cows receiving shade and evaporative cooling, whereas cows receiving the same treatment 

with shade only had a response of 2.7 kg/d when compared to control cows (not receiving 

rbST treatment), in thermal stressed conditions of Arizona summers. Although not 

significant, there seemed to be an interaction between rbST and cooling in high thermal 

conditions. 

Somatotropin increased milk yield by 21, 32 and 35% during summer on a farm, in 

laboratory thermoneutral conditions, and in heat conditions, respectively, with THI 

approaching 80 under summer heat conditions (Johnson et al., 1991). The response to 

utilization of rbST was similar in both thermoneutral conditions and heat stressed cows 

(Johnson et al., 1991). Cows administered rbST under heat stress have higher energy 

intakes, heat production, heat loss, and milk energy than controls (Manalu et al., 1991). 

This would increase their cooling requirements. 

The use of rbST in heat stressed dairy cows provides an alternative in well 

managed herds to increase profitability through increased milk production and lactation 

persistency. 

Hormonal Management of Dairy Cows 
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Increases in milk production per cow and utilization of rbST have been linked to 

decreased reproductive performance. The main effect seems to be from the increase in 

energy demands causing a compromise in various reproductive processes. 

To understand the complexity of the reproductive situation, a brief explanation of 

the bovine estrous cycle is necessary. The cow has been classified as polyestrous because 

it has more than one estrous cycle per yr and is also a spontaneous ovulator, because it 

does not require a mating stimulus to ovulate (Bazer et al., 1998). 

One definition of the estrous cycle is associated with alterations in the genital tract 

characteristic of estrus (a time or period of sexual receptivity), metestrus, diestrus, and 

proestrus produced by changes in ovarian hormones (Dickson, 1993). The metestrus, 

diestrus stages are referred to as the luteal phase, whereas the estrus and proestrus stages 

as the follicular phase (Bazer et al., 1998). The cycle consists of the period fi'om the 

beginning of one estrus period to the beginning of the next estrus period. During the luteal 

and follicular phase a cascade of events take place under the regulation and interaction of 

several key hormones. 

During the follicular phase, the hypothalamus, which is a tiny organ that lies at the 

base of the diencephalon immediately beneath the thalamus, secretes gonadotropin-

releasing hormone (GnRH) into blood vessels, known as the hypothalamic-hypophyseal 

portal system, connecting to the adenohypophysis (AP), which through specific cells 

secretes follicle stimulating hormone (FSH) and luteinizing hormone (LH; Benson, 1998). 

The FSH and LH are secreted into the circulatory system where they are transported to 

the ovary and stimulate follicular development (Spencer et al., 1996). 
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The LH stimulates secretion of androgens by the vascularized theca interna cells, 

which diffuse into the granulosa cells where FSH stimulates conversion of these androgens 

to estradiol-]73 (E^) by the granulosa cells; therefore, LH and FSH act synergistically to 

stimulate secretion ofE2 by granulosa cells of the developing follicle (Spencer et al., 

1996). 

Luteinizing hormone is secreted in a pulsatile fashion with increasing pulse 

frequencies associated with continued growth of the dominant follicle and decreased or 

low frequency pulse being indicative of degeneration of the dominant follicle (Inskeep, 

2000). Each time a large dominant follicle stops growing, a precipitous drop in Ej brings 

about an increase in FSH, which recruits another cohort of follicles (Inskeep, 2000). 

Estrogen has a positive and negative feedback on the hypothalamus and AP to control 

release of FSH and LH (Benson, 1998). Peak concentrations of FSH and LH secreted at 

estrus are responsible for rupture of the follicle and release of the ovum. This event is 

termed ovulation. 

Increasing E^ concentration act on the hypothalamus to stimulate estrus behavior 

(Benson, 1998). After ovulation, during the luteal phase, LH transforms the granulosa and 

theca interna cells into a corpus luteum (CL), which begins secreting progesterone (P4) 

and is fully functional by 6 to 7 d, to approximately 14 d post-ovulation (Bazer et al., 

19998; Spencer et al., 1996). Low concentrations of LH also stimulate secretion ofP4 by 

the CL (Bazer et al., 1998). 

Progesterone has a negative feedback on the hypothalamus and AP to decrease 

FSH and LH secretion. Progesterone is responsible for maintenance of the endometrium 
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and reduced contractility of the uterus (Bazer et al., 1998). Progesterone also suppresses 

behavioral estrus, GnRH pulse frequency, and the circulating concentrations of LH and 

FSH (Spencer et al., 1996). 

Follicular development in ruminants occurs in "waves" as a cohort of follicles 

begin development during diestnis when P4 concentrations are high. They do not ovulate, 

but become atretic or turn over which starts recruitment of another cohort of follicles 

(Sirois and Fortune, 1988). Follicular waves start at approximately d 2 and 9 in a two-

wave cycle and again on d 16.1 of the estrous cycle in three wave cycles, accounting for 

variability of cycle length during the luteal phase (Driancourt, 1991; Savio et al., 1990; 

Sirois and Fortune, 1988). 

Oxytocin (OT), of ovarian or posterior pituitary origin, acts on uterine endometrial 

cells of the uterus by binding to receptors, which in turn brings about the increased 

secretions of a hormone called prostaglandin F2 Alpha (PGFja). This localized source of 

PGFjOf transferred via the utero-ovarian vein to the ovarian artery leads to demise or 

regression of the CL, the source of secreted P4 (Inskeep, 2000; McCracken et al., 1972; 

Spencer et al., 1996). This cascade of hormonal events leads to an understanding of the 

ruminarn estrous cycle being uterine dependent (Spencer et al., 1996). Once this 

"progesterone block" is removed due to decreasing concentrations of P4 there is a 

concomitant increase in concentrations of Ej. This causes another release of GnRH from 

the hypothalamus ultimately culminating in another ovulation (Bazer et al., 1998; 

McCracken et al., 1984). 
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Of primary importance is the expression of estrus in determining the correct time 

to inseminate when using artificial insemination as a means of fertilizing the released 

ovum. Expression of estrus gives a landmark or benchmark of events occurring in the 

reproductive organs of the animal (AUrich, 1993; Foote, 197S). All stages and phases of 

the bovine reproductive cycles can be compromised during thermal stress due to reduced 

blood flow, increased internal organ temperature, decrease energy status, and the 

expression of estrus (Beede and Collier, 1986; Wilson et al., 1998). Once normal 

functioning of the reproductive systems is compromised, the chance of a successful 

breeding is diminished dramatically, reducing reproductive performance in the dairy herd. 

Several indices can and should be monitored on a continual basis to enhance reproductive 

opportunities. These include calving interval, services per conception, average days open 

of all cows, days in milk (DIM), days to first service, and days to first estrus to name a 

few, but most importamly, we can look at indices that measure reproductive efforts such 

as heat detection rate (HDR) and conception rate (CR; Stevenson., 2000; Pursley et al., 

1996). 

In 1994, HDR was reported by the Raleigh North Carolina DHIA testing center on 

6000 herds to be 37% (Quaife, 1995). In 1999, 2561 Minnesota DHIA herds reported a 

HDR of 39.7%, showing a slight improvement (Olson, 2000). The alarming index is the 

CR, which was reported to be 41% in 1994, but was reduced to 34.3% in Minnesota herds 

(Olson, 2000). Has the HDR improved or are more cows being bred that are not actually 

in estrus? The reproductive costs of poor fertility to an average dairy operation can be 

staggering. If every cow has one missed estrus period on a 2000 cow herd at Arizona state 
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average milk production, the cost to the producer will be approximately SI 10,000/yr 

(Senger, 1994). A missed estrus does not translate into one missed event but a loss of an 

18- to 21 -d opportunity to achieve a successfiil pregnancy. 

Recent research into extended lactation while using rbST has suggested the 

lactation length limit to profitable milk production to be about 16 mo; therefore, if cows 

are to be milked additional lactations, a successful breeding program will continue to be a 

major management concern (Gallon et al., 1997). 

New protocols have been successful in synchronizing estrus and ovulation to 

program time of insemination. Through the use of hormones to modulate the ovarian 

events in protocols such as Ovsynch, Pre-synch, and Select-Synch, success in achieving a 

viable pregnancy has increased (Manalu et al., 1991). These protocols use a series of 

exogenous hormones (GnRH and PGFja) starting at some day postpartum as determined 

by the dairy manager. Ovsynch is initiated by the administration of 100 ug of GnRH 

followed 7 d later Avith an injection of 25 mg PGFja; then 28 to 32 h later a second 100 

ug GnRH injection is given. Successful pregnancies can be achieved by incorporating 

insemination 16 to 20 h after the last GnRH injection. Pre Synch is similar to Ovsynch but 

is initiated with a PGFja 7 d before the first GnRH injection of Ovsynch. Select Synch is a 

program with the objective of reducing the number of times an animal is handled; 

therefore, it eliminates the last GnRH injection in the Ovsynch protocol. However, under 

high thermal temperatures the results as reported by dairy managers have not been 

conclusive. Attempts to improve the timing or mold the protocols into existing 

management routines has led to numerous derivations with mixed results. These protocols 
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must be fine tuned to work under the varying conditions in such a geographically diverse 

industry. Therefore, one objective was to answer the question of follicular development 

rate in dairy cattle after a programmed gonadotropin releasing hormone (GnRH) injection 

then seven days later an injection of prostaglandin (PGF) at concentrations normally used 

in the industry during periods of elevated environmental temperatures. 

Since the Holstein breed has experienced dramatic growth as a percentage of total 

dairy cattle in the U.S. over the last 30 to 40 yr, most research measures the response of 

Holstein cattle. However, imerest in other breeds with better breeding efficiencies is an 

opportunity to improve the economic situation of dairy farms. Milk production fi'om 

Jersey cattle in well-managed herds has improved in the last 10 yr to be a definite option 

to dairy producers. Applying management principles that have been successful in the 

Holstein breed leads to areas of concern that need to be investigated to assure the best 

economic outcome. Our second objective was to measure responses in Jersey cattle to 

cooling and rbST under high thermal environments. 

Three experimems were conducted to determine thermal effects on ovarian 

follicular development and ovulation of those follicles in Holstein and Brown Swiss cattle. 

Two experiments were conducted to measure milk production, reproduction, and related 

health parameters between cooled vs non-cooled Jersey cattle as well as the effects of 

rbST in high thermal environmental conditions. 
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CHAPTER 2 
PHYSIOLOGICAL RESPONSE IN THERMAL STRESSED JERSEY COWS 

SUBJECTED TO DIFFERENT ENVIRONMENTAL MODIFICATIONS 

Abstract 

The objective of this trial was to measure effects of cooling and recombinant 

bovine somatotropin (rbST) on milk yield, reproductive performance, and health of Jersey 

cattle during summer thermal stress for two consecutive years. Cows were randomly 

assigned to one of two groups each year based upon days in milk (DIM), parity, and 

genetic index. Both Year 1 and Year 2 control cows (n = 143, n = 183, respectively) were 

housed in a pen with no cooling other than shade. The cooled treatment cows each year 

(n = 142, n = 180) were housed in a pen with a spray and fan system, utilizinglO fans, 

each set to deliver approximately 425 mVm air and 3.81/min water for evaporative 

cooling. Cows were assigned to the trial at various days postpartum (pp), but no cow was 

assigned prior to d 63, coincident with commencement of rbST injections. One half of 

cows in each group were assigned to receive rbST on d 63 pp. Cows were assigned to the 

shade trial at various days pp, ranging from d 63 to d 190. Cooled vs non-cooled DIM 

were similar (d 114.3 vs d 113.2 for Year 1, and d 164 vs d 167 for Year 2) at the start of 

the trial. Both groups had the benefit of a holding-pen cooling system for approximately 

30 min each milking, 2 x/d, and daily mOk weights were recorded. The trials began on July 

1, 1999, and July 1, 2000, and concluded on Sept. 30, 1999, and Sept. 25, 2000. The 

ANOVA of daily milk weight data was conducted utilizing a 2 2 factorial design with 

cooling and rbST treatments as main effects. Cooling in combination with rbST increased 

milk yield compared to no cooling and no rbST for 1999 and 2000 (25.5 vs 21.8 kg/d, and 
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23.7 vs 20.5, respectively; P < 0.05). Cooling and rbST effects on milk yield were additive 

the first year, but had a synergistic interaction the second year, furthermore, in the pooled 

date, cooling was associated with reduced incidences of health problems in the cooled 

rbST cows when compared to cows with shade only, without rbST. Incidences of mastitis 

(8 vs 17; P < 0.05) for both years and laminitis (2 vs7,P< 0.05) for Year 1 were both 

reduced. Reproductive performance was improved in cows given access to cooling (126 

pregnant and 6 abortions) vs shade only (112 pregnant vs 13 abortions) in Year 1 

(P < 0.05). Additional income over cooling cost for milk yield alone was 670/cow per day 

for Year 1 and 520/cow per day for Year 2. Results indicated that cooling and rbST 

should maximize profit opportunity through increased milk yield, improved reproductive 

efficiency, and reduced health costs. 

Introduction 

Intense summer heat is common in many parts of the U.S. which are becoming 

major milk production areas. In the southern group of states Jersey cattle are becoming 

popular because during times of high environmental thermal stress their milk production 

and reproductive efficiencies are not as depressed as Holstein cattle. Jersey cow numbers 

increased in Arizona fi-om 2.5% of the cows in 1975 to 6.2% in 1992 (Armstrong, 1975; 

1992). 

Financial reports from a certified public accounting firm indicate well-managed 

Jersey dairy operations are comparable to similarly-managed Hostein herds in the 

southwestern part of the U.S., when looking at net return for the operations (Frazer and 

Torbet, 1990). However, the Jersey operations show a more positive cash flow during 
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times of thermal heat stress, leading to speculation that commercial Jersey operations may 

be an acceptable alternative in areas of high thermal stress and reduced performance. 

A considerable number of research projects have shown that the housing system in 

hot climates can be modified with the use of evaporative cooling to improve both milk 

production and reproductive e£5ciency of Holstein dairy cattle (Armstrong et al., 1993a; 

Armstrong et al., 1993b; Armstrong et al., 1988; Flamenbaum et al., 1986; Ryan et al., 

1992; Smith et al., 1993). Another study used information fi'om those trials in an 

investment analysis of dairy cattle cooling systems to show that the rate of return on 

investment in cooling equipment was profitable under several levels of milk production 

and ambient temperature ranges (Daugherty, 1993). Research data tend to support that 

when Holstein cattle are compared to Jersey cattle, the Jersey cattle are more adaptable to 

high temperatures for both lactating cows and young calves (Brody et al., 1954; Collier et 

al., 1981; Hernandez et al., 1983; McDowell, I98S). Feed intake data for both Jersey and 

Holstein cattle housed on an operation that utilized a shade evaporative cooling showed 

feed intake average for Jersey cows to be 16.1 kg/d (range, 14.9 to 17.0 kg) during the 

summer months, with Holstein cattle averaging 20.2 kg (range, 17.1 to 22.9 kg; Allen, 

1993). Milk production on a per-cow basis was not available, but a decline of feed intake 

in hot weather is associated with a decline in milk production (Brody et al., 19S4; El-Koja, 

1979). 

The first objective of the trial was to evaluate the efifects of evaporative cooling on 

high producing Jersey cattle under heat stress conditions. The second objective was to 
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evaluate the effects of rbST (Posilac'^^ on heat-stressed Jersey cattle and evaluate possible 

interactions between the two treatments. 

Materials and Methods 

The trial was conducted in a commercial Jersey dairy operation milking 1100 head 

in Litchfield Park, Arizona. The rolling herd average was 30S/d mature equivalent 8,S0S 

kg milk, 385 kg fat, 3IS kg protein. Days open and calving interval for the entire herd 

were 110 and 12.88, respectively, based upon calendar year 1999. 

Cows were housed in open corrals with S.S m high metal shades providing 2.3 

mVcow. One pen was not cooled (control), and one was cooled. Cooled pens were 

equipped with 10 (0.76 m) oscillating fans placed on shade support poles at a height of 3.6 

m, providing 425 mVmin of air movement and delivering 3.8 l/min of water at an initial 

cost of S200/COW. The cooled and non-cooled cows had misters at the roofline of all 

shades. Both the cooled and non-cooled cows had evaporative cooling twice daily in the 

holding pen prior to milking for approximately 30 min. Cows were milked twice daily 

starting at 0300 h and 1500 h. Cows were assigned to the trial at various days pp, but no 

cow was assigned prior to d 63, coincident with commencement of rbST injections. One 

half of the cows in each group was assigned to receive rfoST on d 63 pp. Health 

parameters were recorded by the farm staff to include new incidences of mastitis and 

metabolic disorders, which included laminitis, hoof problems, off-feed, and any illness 

affecting milk production not related to mastitis. Two pens were fed identical rations as 

balanced by a nutritionist, consisting of typical southwestern dairy ingredients; com. 
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barley, alfalfa, com silage, and whole cottonseed. The pens were new the first year of the 

trial with a separate water and electrical meter for determining utility costs. 

Milk weights were collected daily via the farm's S.A.E. Afikin dairy records 

tracking system. Cows were bred solely on activity reports fi'om pedometer readings on a 

daily basis. 

Experiment 1 

Cows were assigned randomly to one of the two pens described above. At the 

beginning of the trial the control cows (n = 434, average DIM = 113 .2, range 63 to 280 d, 

average daily milk = 25.7 kg) were divided into two groups, those receiving rbST (n = 87, 

average DIM = 121) or not receiving rbST (n = 56, average DIM = 99). The other 

treatment (cooled) cows (n = 142, average DIM = 114.3, range 63 to 280 d, average daily 

milk = 25 .6 kg) were also divided into two groups, those receiving rbST (n = 86, average 

DIM = 120) or not receiving rbST (n = 56, average DIM = 107). Cows were assigned to 

one of the two pens one mo prior to start of the trial with daily milk weights collected to 

perform a covariate adjustment for milk weight analysis. The trial started on July 4,1999, 

and ended Sept. 30,1999. 

Experiment 2 

Cows were assigned randomly to one of two pens described above. At the 

beginning of the trial the control cows (n = 184, average DIM = 164, range 63 to 280 d, 

average daily milk = 25.7 kg) were divided into two groups, those receiving rbST (n = 84, 

average DIM = 194) or not receiving rbST (n = 101, average DIM = 146). The other 

treatment (cooled) cows (n = 185, average DIM = 168, range 63 to 280 d, average daily 
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milk = 25.6 kg) were also divided into two groups, those receiving rbST (n = 86, average 

DIM = 195) or not receiving rbST (n = 99, DIM = 144). 

Cows were assigned to one of the two pens 1 mo prior to start of the trial, with 

daily milk weights collected to perform a covariate adjustment for milk weight analysis. 

The trial started on July 10,2000, and ended Sept. 25, 2000. Milk production, health, 

reproductive and farm high-low temperature and humidity data were collected daily by the 

farm personnel and transferred electronically to a database at the University on a weekly 

basis. Respiration rates, external udder temperature and under shade environmental data 

were collected weekly. External udder temperatures were recorded using a laser 

thermometer (Raynger® Model RAYMX4PU, Raytek, Inc., Berlin, Germany) to alleviate 

disturbing the cows from their normal position. Environmental temperatures and humidity 

data were collected using a Bamant-Tri Sense with attached probe. 

Statistical Analysis 

Milk data were analyzed using the mbced procedure of SAS. Data were analyzed 

similarly but separately for each experiment. The statistical design was a 2 ^ 2 factorial 

with cooling and rbST as main effects. Categorical data of health and reproductive events 

at the end of the trial each year were tested with Chi-square. Milk production data were 

analyzed with DIM as a variable with treatmem effect being non-cooled, no rbST; cooled, 

no rbST; rbST, non-cooled; and cooled, rbST. Environmental, and cow physiological data 

between July 10 and Sept. 25, 2000 were analyzed for means within pens only. 
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Results 

Experiment 1 

Daily THI at 15:00 h ranged from 80 to 88. Throughout the trial period the THI 

was in the severe stress zone of THI index tables (Table 2.1; Figure 2.1). The maximum 

temperature was 45®C, and the minimum high temperature was 27°C, showing a wide 

fluctuation over the trial period (Table 2.1; Figure 2.1). High temperature and/or humidity 

resulted in thermal stress conditions over the entire trial period for Exp. 1, with the 

exception of a drop in the nighttime THI to below the severe stress zone S3 d into the 

trial. Cows were able to maintain milk production with high daytime temperatures, as long 

as night THI's were below 75; however, once nighttime THI went above 75, there was a 

precipitous drop in daily milk production of 2.8 kg (Figures 2.1,2.2). 

Average daily milk production was higher in cooled (24.6 kg) compared to non-

cooled (23.0 kg) pens (P < 0.01). The average daily milk yield differed among aU 

treatments except for the not cooled, rbST, and the cooled, no rbST treatments. 

Therefore, it was beneficial to either cool the cows or to give rbST, but it was clearly most 

beneficial to cool cows during high thermal environmental stress when utilizing rbST 

(Table 2.2; Figures 2.3, 2.4, 2.5,2.6, 2.7). 

The incidences of mastitis in the non-cooled, no rbST (n = 16) treatment were 

significantly higher than non-cooled, rbST (n = 8), and cows in both cooled treatments, 5 

and 5, respectively (P < 0.05; Table 2.2). Reproductive events were difficult to evaluate 

since the trial included cows of various reproductive condition and gestation length of 

pregnant cows; however, embryonic death loss was significantly higher (P < 0.05) in the 
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non-cooled rbST cows when compared to non-cooled, no rbST, and the cooled no rbST 

treatments. Interestingly, the number of abortions in the cooled rbST treatment was 

decreased significantly (P < 0.05) over the non-cooled rbST treatment, 5 vs 11, 

respectively (Table 2.3). 

Financial outcomes computed on the basis of utility cost (water and electricity), 

and a price of 29.70/kg milk demonstrated increased net income for the treatments of 

cooling only, rbST only, and cooling with rbST of 330, 180, and 660, respectively (Table 

2.4). Those financial outcomes did not utilize feed or investment costs because of the 

inability to separate rbST fi-om no-rbST treatments in DMI. However, if overall feed costs 

were assumed to be 50% of the overall income in Arizona, based upon published 

accounting records, net income would be 330/d. 

Experiment 2 

In Year 2, the highest THI 15:00 h was 89, on July 18 and 19, and Aug. 11, 2000, 

with a range of 78 to 89 (Table 2.1). Every day throughout the trial period the THI was in 

the severe stress zone of the THI index tables (Table 2.1, Figure 2.1). The maximum 

temperature was 49.6°C on July 18 and July 19, 2000, and the minimum high temperature 

was 33.2°C on Aug. 29, 2000, showing a wide fluctuation over the trial period (Table 2.1; 

Figure 2.1). Elevated temperature and/or humidity created thermal stress conditions over 

the entire trial period for Exp. 2, with a drop in the nighttime THI giving relief to the cows 

on Aug. 30, 2000. Again, the cows were able to maintain DMI and milk production with 

high daytime temperatures; however, once nighttime THI went above 75 there was a 

precipitous drop in both milk production and DMI. The average daily milk production 
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difiference between the cooled (24.6 kg) and non-cooled (23.0 kg) pens was significant 

{P < 0.01). The average daily nnilk among all treatments was significant except between 

the not-cooled, rbST and the cooled, no rbST treatments, showing that it was beneficial to 

either cool the cows or to give rbST, but it was most beneficial to cool cows during high 

thermal environmental stress when utiliidng rbST (Table 2.2; Figures 2.10, 2.11, 2.12, 

2.13,2.14). 

The incidences of mastitis in the non-cooled, no rbST (n = 4) treatments were 

higher than non-cooled, rbST (n = 3), and cows in both cooled-treatments (3 and 1, 

respectively; Table 2.7). 

As with Exp. 1, reproductive events were difficult to evaluate, since the trial 

included cows of various reproduaive condition and gestation length of pregnant cows 

and the large variation in DIM between treatments. 

Environmental modifications, as described in Materials and Methods, led to 

improvements in the temperature under the shade but did increase the humidity 

considerably. Temperature and humidity means were 29. PC and 59.3% (THI = 78), and 

32.8°C, 40.3% (THI = 80) for cooled and non-cooled treatments, respectively (Table 2.5). 

This small difference in THI had a dramatic effect on physiologica] responses of the cows. 

The outside environmental THI was the same as the THI under the shade in the non-

cooled treatments; however, it was two index poims lower in the cooled treatments 

(Tables 2.5, 2.6). The effect, however, was an increase in both respiration rate and 

external fore udder temperature of 80 breaths/min, 35°C and 102 breaths/min, 37.2X for 

cooled and non-cooled, respectively (Table 2.6). This increase in respiration rate would 
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severely impact the energy needs in those cows; however, DMI would normally be 

reduced. The DMI actuaUy increased from the advancing DIM over the trial and was 

confounded by the rbST and no rbST cows grouped in the same pen (Figures 2.2, 2.9). 

The impact on increased external udder temperature would undoubtedly affect both udder 

health and milk synthesis. 

Financial outcomes computed on the basis of utility cost (water and electricity), 

and a price of 29.70/kg milk showed increased net income for the treatments of cooling 

only, rbST only, and cooling with rbST of 100, 180 and 520, respectively (Table 2.4). 

Those financial outcomes did not utilize feed or investment costs because of the inability 

to separate rbST from no-rbST treatments in DMI. However, if overall feed costs were 

assumed to be 50% of the overaU income in Arizona, based upon published accounting 

records, net income would be 260/d (Table 2.8). 

As in Exp. I, whenever the nighttime THI dropped below 75, the following day 

there was an increase in DMI (Figures 2.8, 2.9). 

Discussion 

In both experiments, cooled cows receiving rbST produced more milk than cows 

on the other three treatments {P < 0.01). The three treatmems, cooled cows receiving 

rbST, cooled no rbST,, and non-cooled without rbST, resulted in fewer incidences of 

mastitis than did the non-cooled, no rbST cows in Exp.l (P < 0.01). Metabolic disorders, 

which included hoof problems, were lower in the cooled. rbST treatments when compared 

to the other treatments (Table 2.2; P < 0.05). A confounding frictor was the difference in 

DEM of the treatment cows rbST and no ibST. The first year DIM were 113.2 and 114.3 
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for non-cooled vs cooled cows, whereas DIM were 164 and 167 for the second year, 

respectively. Cows in early lactation have higher incidences of mastitis and metabolic 

disorders; therefore, the data would be skewed if looking at comparing year to year on an 

equal basis. 

A comparison of the two experiments was not practical, since different 

environmental conditions existed between the two years as well as DIM from parturition 

for the treatments. However, several inferences can be drawn from the data collected in 

both experiments. The most obvious and beneficial factor was the increased milk 

production when utilizing both rbST and evaporative cooling (Tables 2.2, 2.7; Figures 2.4, 

2.13). There was an economic benefit in both experimems when viewing financial 

outcomes of utilizing both cooling and rbST (Tables 2.4, 2.8). Very little research has 

been done on health benefits from utilizing cooling, but from Tables 2.2 and 2.4 in Exp. 1, 

during the earlier part of lactation there was a reduced number of cows with mastitis and 

metabolic disorders. 

The amount of milk produced per cow/d from cooling and rbST was greater than 

the additive responses of rbST or cooling as separate treatments, indicating a synergistic 

effect (Tables 2.2, 2.7). As the animal's internal temperature stays closer to the 

thermoneutral zone of comfort, effects of rbST are maximized. Once the internal 

temperature is compromised with blod flow being diverted to peripheral circulation in 

attempts to cool, and DMI is reduced, the benefit of rbST is reduced. The increased milk 

production was similar for Year 1 and Year 2 (3.7 kg vs 3.2 kg, respectively). This 

translates into a 14.5 and 13.5% increase in milk production from the cows in the 
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experiments receiving both cooling and rbST, for 1999 and 2000. The amount of shade 

per animal might have been a contnbuting factor in the increased respiration rates of 

cooled cows. Cows seemed to be lying very close to each other in the allotted 2.3 

mVcow. A larger shade to allow for 6 to 8 m^/cow would seem to be more suitable, 

allowing cows to dissipate heat better through radiation, conduction, and convection. In 

Exp. 2, the external udder temperature of the cows cooled receiving rbST did not differ 

from the cows cooled not receiving rbST, 34.5°C vs 34.7*'C, respectively; however, the 

cooled cows' vs the not-cooled cows' external udder temperature was significantly 

different (34.5°C vs 37.5°C, respectively; P < 0.01). 

The added income fi'om both rbST and cooling could improve the financial status 

on a Southwestern dairy operation during the summer months if used together. The 

additional feed cost from utilization of those options could be calculated as the cooled-

treatment cows consumed on average 0.7S kg DM (unpublished data) more than non-

cooled cows. If the added intake for the increased daily milk production from rbST were 

similar, from the similar response, then an extra intake of 1.5 kg would translate into an 

extra cost, attributed to increased milk from the treatments, of 280/cow per day 

consuming 17 kg DM. The benefit of utilizing these management options on a 1000-cow 

dairy over a 120-day period of heat stress would translate into an addition income of 

$45,600, which could be used to cover equipment investment costs. 
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Table 2.1 Environmental extremes for Exp. 1 and 2. 

Environmental THI' and Temperature C° at 3:00 p.m. 

Exp. I Exp. 2 

During Date, During Date, 
trial period 1999 trial period 2000 

Maximum THI 88 8/24 89 7/18, 7/19, 8/14 

Minimum THI 65 10/2 66 7/10 

Maximum temperature 45 8/24 49.6 7/18, 7/19 

Minimum temperature 16 10/4 32.4 9/23 

'THI = Temperature- humidity index. 

Table 2 .2 Milk production and health outcomes of cows in Exp. 1. 

Treatment Group (n) Avg milk (kg) Mastitis Metabolic disorders 

Not cooled 

NorbST 56 21.8" 16«^ 7^ 

rbST 87 23.7*^ 8® 7^ 

Cooled 

NorbST 56 23.1*' 5® 8'' 

rbST 86 25.5'' 5® 2® 

^'''•'TDiffers within column {P < 0.01). 
'^^DifFers within column differ (P < 0.05). 
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Treatment Group (n) 
Number pregnant 

at start of trial 
Number pregnant 

at end of trial Embryonic loss 

Not cooled 

NorbST 56 26 54^ 2" 

rbST 87 28 

X
i 

00 

ll'' 

Cooled 

No rbST 56 25 56»' 1^ 

rbST 86 26 70® 5'' 

^'^'"^'Numbers with different superscripts within columns differ (P < 0.05). 

Table 2.4 Financial outcomes for Exp. 1. 

Cost versus income without investment or feed cost - $0.297/kg milk 

Additional cost ($) Income ($) Difference ($) 
Group per day/cow per day/cow per day/cow 

No cooling, no rbST ... 6.09 

Cooling only 0.05 6.24 0.10 

rbSTonly 0.38 6.65 0.18 

Cooling + rbST 0.43 7.04 0.52 
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Table 2.5 Environmental conditions for Exp. 2. 

Cooled Not cooled 

Date (2000) 
Bam temp. 

(C°) 
Bam 

humidity (%) THI' 
Bam temp. 

(C°) 
Bam 

humidity (%) THI 

6/19 24.1 78.8 76 33.7 34.5 80 

6/27 26.8 78.2 78 32.5 38.2 79 

7/03 29.7 36.6 76 33.3 23.9 78 

7/11 30.6 44.9 79 35.6 24.7 80 

7/18 28.8 45.4 76 36.8 19.0 80 

7/25 32.3 46.5 80 38.1 20.9 82 

8/01 32.9 50.5 81 31.9 54.5 82 

8/08 27.3 84.1 78 34.2 39.9 82 

8/18 27.8 84.7 80 31.4 47.2 80 

8/22 31.3 44.7 79 34.3 33.5 81 

8/29 26.0 61.3 75 26.0 60.1 75 

9/05 30.9 45.5 79 31.7 33.8 79 

9/12 29.7 52.1 78 30.7 63.2 82 

9/20 29.7 77.6 82 29.6 70.8 82 

Average 
over trial 29.1 59.3 78 32.8 40.3 80 

'THI = Temperature- humidity index. 
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Table 2.6 Environmental conditions and physiological responses of cows in Exp. 2. 

Respiration rate 
n)reaths/min^ 

External udder temp. 

Date 
(2000) 

Envir. 
temp. (C°) 

Envir. 
humidity (%) Tm' 

Cooled 
(C°) 

Not cooled 
(C°) 

Cooled 
(C°) 

Not cooled 
(C°) 

6/19 11.\ 60 75 60 96 34.2 36.0 

6111 32.7 74 86 89 114 35.1 37.0 

7/03 32.3 32 78 67 90 35.5 37.0 

7/11 40.0 16 82 86 100 36.4 37.1 

im 34.7 12 76 83 106 35.9 38.7 

7/25 40.3 13 82 74 116 36.4 39.5 

8/01 34.2 34 81 80 108 36.7 38.6 

8/08 34.0 68 85 95 112 37.1 34.4 

8/18 31.0 43 82 63 98 34.4 37.3 

8/22 26.0 48 80 99 111 36.8 38.7 

8/29 35.0 61 75 83 88 36.2 37.0 

9/05 38.0 43 83 79 89 34.0 37.5 

9/12 38.0 19 82 82 97 34.3 37.4 

9/20 29.4 38 75 78 101 32.2 34.9 

Average 
over trial 33.3 40 80 00

 

102^ 35.4® nî  

^''''°Differs between columns (JP < 0.05). 
Differs between column {P < 0.01). 

'THI = Temperature- humidity index. 
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Table 2 .7 Milk production and health resuhs of cows in Exp. 2. 

Treatment Group (n) Avg milk (kg) 
Mastitis 

(new cases) Metabolic disorders 

Not cooled 

No rbST 101 20.5'' l'^ 2^^ 

rbST 82 21.0° 4® 8^^ 

Cooled 

No rbST 97 22.4'' 3® 

rbST 83 23.7® 3® 6® 

^'''•'lOifiFers within column {P < 0.01). 
'^'iDiffers within column differ {P < 0.05). 

Table 2.8 Financial outcomes for Exp. 2. 

Cost versus income without investment or feed cost - $0.297/kg milk 

Additional cost ($) Income ($) Difference ($) 
Group per day/cow per day/cow per day/cow 

No cooling, no rbST ... 6.48 

Cooling only 0.05 6.86 0.33 

rbSTonly 0.38 7.04 0.18 

Cooling+ rbST 0.43 7.57 0.66 
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Figure 2.1 Temperature - Humidity Index (THI) - Maximum and Minimum - 1999 
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Figure 2.2 Total Mixed Ration Intakes (Dry Matter) - 1999 
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Figure 2.3 Daily milk production: non-cooled, no rbST versus cooled, no rbST - 1999 
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Figure 2.4 Daily milk production: non cooled, no rbST versus cooled, rbST -1999 
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Figure 2.5 Daily milk production; non-cooled, no rbST versus cooled, rbST - 1999 
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Figure 2.6 Daily milk production: non-cooled, rbST versus non-cooled, no rbST - 1999 
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Figure 2.7 Daily milk production: cooled, no rbST versus cooled, rbST - 1999 
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Figure 2.8 Temperature - Humidity Index (THI) Maximum and Minimum - 2000 
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Figure 2.9 Total Mixed Ration Intakes (Dry Matter) - 2000 
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Figure 2.10 Daily milk production; cooled, no rbST versus cooled, rbST - 2000 
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Figure 2.11 Daily milk production: non-cooled, no rbST versus cooled, no rbST - 2000 
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Figure 2.12 Daily milk production: non-cooled, rbST versus cooled, rbST - 2000 
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Figure 2.13 Daily milk production: non-cooled, no rbST versus cooled, rbST - 2000 
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Figure 2.14 Daily milk production: non-cooled, no rbST versus cooled, no rbST - 2000 

30 
29 
28 

27 
26 

O) JC 

Z 

17 — 
16 -

15 
7/1 7/8 7/15 7/22 7/29 an 8/12 an9 am W2 919 9123 

DM* 

Non Cooled. No rbST Cooled. No rbST 



59 

CHAPTERS 
FOLLICULAR GROWTH IN LACTATING COWS 

RECEIVING REST, GNRH AND PROSTAGLANDINS: 
CONTRASTS BETWEEN WINTER AND SUMMER MONTHS 

Abstract 

Three experiments were conducted with Holstein (n = 72) and Brown Swiss 

(n = 73) cows beginning 56 ± 3.5 d postpartum (pp) to determine ovulation rates in a 

thermal stress arid climate over three consecutive seasons (Summer, 1999; Winter, 1999-

2000; and Summer, 2000). All cows received rbST beginning d 63 ± 3.5 pp regardless of 

treatment. For Exp. 1, 58 cows were assigned at calving, beginning June 1, 1999, to either 

a cooled (Korral Kool™) or non-cooled (shade only, control) pen. At d 56 ± 3.5 pp, all 

cows commenced a hormonal program coined Select Synch, comprised of an injection of 

GnRH (100 ug) agonist (Factrel®) followed 7 d later with an injection of PGEjO (25 mg 

In-Synch™), at which time ultrasonography was initiated and continued until ovulation or 

follicular turnover. 

Concentrations of serum non-esterfied fatty acids (NEFA) were measured to 

evaluate energy status. Exp. 2 was conducted the same as Exp. I, with the assignment of 

cows starting Nov. 1, 1999. In Exp.3, all cows were assigned the same as Exp. 1 and 2 

beginning June 1, 2000. At d 56 ± 3.5 pp, cows were scheduled to commence Ovsynch, 

which was identical to Select Synch, except a second Factrel injection was administered 

33 h after 35 mg Lutalyse®. 
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Blood serum samples were collected on 39 cows of Exp. 3 to evaluate 

progesterone (P4) concentrations at d 0 and 32 to 33 h later just before the second GnRH 

injection to assess corpus luteum (CL) status. Ovsynch was more effective at causing 

subsequent ovulations for the non-cooled and cooled cows (77.3 and 69.6%, 

respectively), than Select Synch for the non-cooled, cooled, and winter treatments (27.6, 

24.1 and 29.4 %, respectively). In conclusion, ovulation outcome was related more to 

hormonal programming rather than season. 

Introduction 

Bovine ovarian follicles develop in a wave type pattern with a new wave starting 

every 8 tolO d in all phases of the estrous cycle, including early pregnancy (Ginther et al., 

1989; Savio et al., 1993; Thatcher et al., 1991). There can be 2, 3 and 4 waves during the 

estrous cycle, with increasing cycle length caused by increasing wave numbers (Lucy et 

al., 1992). 

When demise of the CL is brought about by increased serum levels of 

prostaglandin F2 alpha (PGFj^) from either an endogenous or exogenous source, ovarian 

P4 levels ordinarily decline to less than 1 ng/ml in serum. This will stimulate pulsatile 

releases of gonadotropin releasing hormone (GnRH) from the hypothalamus, which, in 

turn, triggers a release of luteinizing hormone (LH) and follicle stimulating hormone 

(FSH) from the anterior pituitary. There is an increase in semm estrogen levels from the 

granulosa cells of the dominant follicle. A dominant follicle is defined as a large ovarian 

follicle (> 10 mm) that is recruited and selected during a follicular wave (Lucy et al.. 
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1992). The dominant follicle, which apparently controls the further development of an 

additional dominant follicle through the secretion of estrogen, inhibin, activin and 

follistatin, and possibly other regulatory compounds that may act both locally and or 

systemically, is selected from a developing cohort of follicles (Savio et al., 1993). This 

dominant follicle, under the influence of increasing pulsatile releases of LH from the 

anterior pituitary, has been secreting basal levels of estrogen under the influence of FSH, 

and will continue to grow, reaching an ovulatory size between IS to 21 mm (Inskeep, 

2000). Increasing blood concentrations of estrogen from the granulosa cells of this 

dominant follicle stimulate, through positive feedback, a pre-ovulatory surge of 

gonadotropins (LH and FSH) that through various cellular mechanisms cause ovulation. 

The active life span of a dominant follicle during the estrous cycle is approximately 

5 to 7 d in a two-wave cycle (Lucy et al., 1992). At that time the follicle either ovulates or 

becomes atretic (Lucy et al., 1992). A follicle that ovulates from a two-wave cycle is not 

as fertile as one from a 3- or 4-wave cycle (Inskeep, 2000). This is expected to be from 

longer exposure of the preovulatory oocyte to high concentrations of estradiol (Inskeep, 

2000). Low concentrations of LH from the anterior pituitary caused by decreased energy 

balance are involved in the failure of ovulation from decreased estradiol as well as other 

failed cellular mechanisms (Thatcher et al., 1999). 

If all mechanisms in the process of follicular growth are not functioning properly 

from such variables as heat stress, negative energy balance, disease or mineral imbalance, 

the follicle will either become atretic or persistent (Lucy et al., 1992; Thatcher et al., 

1999). If it becomes atretic, another cohort of follicles will start growing; however, if the 



62 

follicle becomes persistent, it will depress the emergence of another wave or continue to 

grow, developing into either a follicular cyst or luteal cyst, which alters normal hormonal 

control of the estrous cycle. It has been established that a follicle that is growing when 

ovulation takes place is more fertile than an ovulated persistent follicle (Sanchez et al., 

1993; Savio et al., 1993; Stock and Fortune, 1993). 

Cows with larger preovulatory follicles (12.9 ± 0.9 mm) 5 d before the surge of 

LH had a lower conception rate (36%) and higher preovulatory concentrations of estradiol 

associated with that estrus than those with smaller follicles (7.S ± 1.8 mm) at that time, 

which averaged 91% conception (Breuel et al., 1993). Any deviation from the normal 

selection, recruitment and dominance of the dominant follicle will lead to decreased 

fertility. 

The trial objectives were to measure the rate of follicular development of the 

dominant follicle after an Injection of PGFja until ovulation and day of ovulation after 

prostaglandin injection, since numerous studies have shown reduced follicular growth in 

thermally stressed dairy cattle (Lucy et at., 1992; Wilson et al., 1998; Badinga et al., 

1993). The comparison of Select Synch to Ovsynch to promote ovulation under thermal 

stress is of importance to dairy managers in determining which hormonal management 

program will lead to a higher probability of a successful pregnancy. 

Materials and Methods 

Three experiments were conducted using Holstein and Brown Swiss primiparous 

and multiparous dairy cows at the University of Arizona Dairy Research Center, Tucson, 
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Arizona, during three subsequent seasons (Summer, 1999; Winter, 1999-2000; and 

Summer, 2000). All experiments used protocols of hormonal treatments as outlined in 

Figure 3.1. All cows were fed the same total mixed ration, which consisted of typical 

southwestern U.S. ingredients, balanced by a nutrition consultant. The cows were milked 

and fed twice daily by the farm staff. The University veterinarian conducted bi-monthly 

herd reproductive exams.. The designation of treatment was by season and hormonal 

program utilized, as described in Table 3.1. 

Experimental Design 

Experiment 1. Holstein (primiparous n = 10, multiparous n = 22) and Brown 

Swiss (primiparous n = 11, multiparous n = 1S) dairy cows from the University of Arizona 

Dairy Research Center, were assigned alternately at calving, starting on June 1, 1999 and 

ending July 30, 1999, to cooled or non-cooled pens with an area of 46 m^/cow. Cooled 

cows (n = 29) were housed in corrals utilizing the Korral Kool™ cooling system. Non-

cooled (n = 29) were housed in a corral utilizing only shade (4.7 mVcow). Daily milk 

weights were collected from the dairy farm computer, utilizing Dairy Comp 305 software. 

Blood samples were collected weekly starting d 30 pp until cows were started on their 

individual hormonal programs. Blood samples were cooled on ice while transported to the 

lab for approximately 1 h; serum was separated by centrifligation at 2500 g for 10 min at a 

temperature of 25°C. The serum samples were frozen at -20°C until analyzed. Serum 

NEFA concentrations were measured using a commercially available kit (NEFA C, Wako 

Pure Chemical Industries, Ltd., Oksaka, Japan), as previously described (McNamara and 

HiUers, 1986). 
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(g) 
Starting d 56 ± 3.S pp, cows were injected with 100 pg GnRH, (Factrel , Fort 

Dodge Animal Health, Overland Park, KS), then 7 d later were injected with 25 mg 

PGF2^ (In-Synch™, AgriLabs, St. Joseph MO) to synchronize ovarian structures. Cows 

<S) 
were injected on d 63 ± 3.5 pp with 500 mg rbST (Posilac Monsanto, St. Louis, MO). 

Cows in both groups were examined with an Aloka 500V ultrasound unit (Aloka Co. Ltd., 

Tokyo, Japan), equipped with a 7.5 MHz linear-array transrectal transducer to monitor 

follicular growth of the largest follicles present at injection by a single operator. 

Ovarian follicles were mapped daily as described previously (Ginther et al., 1989). 

Experiment 2 

Holstein, (primiparous n = 6, multiparous n = 16) and Brown Swiss (primiparous 

n = 13, multiparous n = 9) dairy cows from the University of Arizona dairy herd, as 

described above, were assigned at calving, starting Nov. 1, 1999 and ending Jan. 19, 2000, 

to one of two corrals utilizing shade only (4.7 m^/cow) for solar radiation protection. 

Weekly jugular blood samples were collected and handled as described in Exp. 1. 

Experimental design was the same as described in Exp. 1. 

Experiment 3 

Holstein, (primiparous n = 13, multiparous n = 8) and Brown Swiss (primiparous 

n = 11, multiparous n = 17) dairy cows from the University of Arizona dairy herd were 

assigned at calving, starting June 1, 2000 and ending Aug. 8, 2000, to one of two corrals 

as described in Exp. 1. Weekly coccygeal vein blood samples were collected and handled 

as described in Exp. 1. An additional blood sample was taken just prior to the PGF^^ 
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injection, then another just prior to the second GnRH injection. The additional blood 

samples were handled the same as described above until assaying for P4. 

Starting d 56 ± 3.5 pp the cows were injected with 100 pg GnRH, (Factrel , Fort 

Dodge Animal Health, Overland Park, KS), then 7 d later were injected with 35 mg 

PGFj^ (In-Synch, AgriLabs, St. Joseph, MO). At 36 h after the PGFjq^ another injection 

of GnRH was given to induce ovulation, as described by Pursley et al. (1995). Follicular 

images were printed using a Sony digital printer and later mapped as described in Exp. 1. 

Stastical Analyses 

Data were analyzed using SAS with the General Linear Model (GLM) procedure 

for dependent variables. Ovulation outcomes, follicular diameter, day of ovulation, 

percentage change in follicular growth, milk, serum NEFA, and dominant follicle diameter 

(DFD) were analyzed with sources being pen (cooled, not cooled), ovulation, parity, pen 

X parity, ovulation ^ parity, and ovulation x pen x parity. The C ATMOD procedure was 

used to determine any interaction between pen, parity, and pen ^ parity. 

The frequency procedure was used to evaluate effects of ovulation by pen and 

parity, and parity by pen, controlling for ovulation only. Included in the statistical model 

were; breed, pen, ovulation outcome, pen vs ovulation, parity, pen vs parity, and pen vs 

parity vs ovulation. 

The correlation procedure was used to analyze any interactions between milk, 

NEFA, and dominant follicle diameter. The NEFA values taken at PGFj^ injection were 

used to correlate between milk for the week previous and the week of the trial. Because of 



66 

the limited number of cows with lactations greater than 3, cows were grouped into two 

parity groups, designated as I and 2 or more. 

(g) 
Serum concentrations of P4 for Exp. 3 were determined usmg Coat-A-Count 

progesterone kits (Diagnostics Products Corp., Los Angles, CA). The intraassay 

coefficient of variation for the progesterone assay was 9.2%, based upon duplicate values 

assayed for each sample. The NEFA intraassay and interassay coefficients of variation 

were 6.3 and 8.2, respectively. 

Results 

Summary data for the three experiments are presented in Table 3.2. Breed eflfect 

was not significant in any of the treatments; therefore, data fi'om Holsteins and Brown 

Swiss cows were combined. The statistical analysis for dependent variables revealed the 

interaction between milk and parity to be significant {P < 0.01) for all three experiments. 

Older cows gave more milk for all treatments and seasons, which would be expected 

(Table 3.2). Milk production differed {P < 0.01) for parity 2 + cows between pens, with 

cooled cows showing a 62 kg advantage over the 2-wk period. Because of the small 

number of cows in each group, variation was high, masking any effects of cooling in 

NEFA concentration, dominant follicle size or milk production. NC/SS (n = 29), C/SS 

(n = 29) and W/SS (n = 44) had similar ovulation rates at 27.6,24.1 and 29.4%, 

respectively (Figure 3.2; Table 3.3). 

The Select Synch outcomes (ovulations) were not affected by season or cooling 

(Table 3.3); however, percentage of follicular diameter increase was significant (P < 0.01) 

for parity and pen by parity in NC/SS and C/SS treatments. Follicular diameter at DFD 
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was significant {P < 0.01) for pen and parity in NC/SS and C/SS treatments and for only 

pen by parity in W/SS treatments. Figure 3.4 shows the increased growth of the dominant 

non-ovulatory follicles tending to become persistent. The dominant non-ovulatory follicles 

in W/SS treatment were similar to the dominant non-ovulatory follicles of the NC/SS and 

C/SS treatments but considerably larger than the NC/OV and C/OV treatments (Figures 

3.4, 3.5). When comparing only those cows ovulating in the treatment groups, NC/SS 

(n = 6), C/SS (n = 4), and W/SS (n = 8), 50, 85.7 and 80%, respectively, had ovulated by 

d 3 (Figure 3.6; Table 3.3). However, in the NC/OVand C/OV treatment groups 75.8% 

(n = 25) ovulated by d 3 (Figure 3.6; Table 3.3). The difference in total number of cows 

ovulating in the Ovsynch treatments clearly portrays the effect of the second GnRH 

injection. Regardless of season, the Select Synch program was not effective in bringing 

about an ovulation when the cows were at 63 ± 3.5 d pp, since less than 30% of those 

total cows on Select Synch ovulated. In contrast, the combined treatments using Ovsynch 

resulted in 73% ovulation rates. 

The dominant follicles of the non-ovulatory cows at d 0 in treatment NC/SS were 

smaller (13.4 mm) than treatment C/SS (14.9 mm), but grew at a faster rate (Figures 3.3; 

3 .4). However, the non-ovulatory dominant follicle in the Ovsynch program (OV) grew 

slowly, and then became atretic (Figure 3.5). 

Changes in follicular diameter leading to ovulation were similar in all treatments; 

however, diameters of ovulated follicles were significantly smaller in the Ovsynch program 

(16.7 mm vs 18.6 mm, 19.2 mm) when compared to all Select Synch programs (P < 0.01; 

Figure 3.9). The mean dominant follicle sizes at d 0 (day of PGFja injection) of non-
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ovulatory follicles were smaller than the dominant follicle of the ovulating follicles in all 

treatments (Figures 3.11,3.12). Mean dominant follicle sizes of non-ovulatory follicles 

were larger in the cooled Select Synch treatments when compared to non-cooled 

treatments; however, the cooled cows in the Ovsynch treatments had smaller non-

ovulatory dominant follicles than non-cooled cows (Figure 3.13). 

Serum NEFA concentrations were at normal concentrations for cows at 60 DIM at 

the beginning of each experiment, as portrayed by Table 3.2, and did not di£fer 

signiiicantly among treatments. 

The correlation between NEFA and milk production was r^ = 0.04, 0.15 and 0.00 

for treatments (NC/SS, C/SS), (W/SS), and (NC/OV, C/OV), respectively. Dominant 

follicle size, DFD, was correlated to milk production r^ = O.IS, 0.38 and O.IS for 

treatments (NC/SS, C/SS), (W/SS), and (NC/OV, C/OV), respectively. NEFA and DFD 

were correlated with r^ = 0.04, 0.15 and 0.00 for treatments (NC/SS, C/SS), (W/SS), and 

(NC/OV, C/OV), respectively. 

In Exp. 2, (W/SS) both groups were under the same environmental conditions; 

therefore, data from the pens were analyzed together. The NEFA concentrations did not 

differ between ovulating and non-ovulating cows regardless of parity or treatment. The 

DFD was not difierem between parity (Figure 3.3). Ovulation rates, or DOV, also did not 

differ between parity (Table 3.2). Again, because of the small number, variation was large 

in the analysis. 
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Exp. 3 resulted in an interaction between NC/OV and C/OV groups in relationship 

to milk production, showing an advantage of 47 kg for cooled cows (Table 3.2). The 

NEFA concentrations, DFD and ovulation rates were not different between NC/OV and 

C/OV treatments, but the percent ovulated were 77.3 and 69.6 for the NC/OV and C/OV, 

respectively, showing Ovsynch outcomes were largely improved over NC/SS, C/SS, and 

W/SS treatments (Figure 3.2; Table 3.3). 

Day of ovulation was not statistically different, but the percentage of cows that 

ovulated was more centrally distributed at d 3 in NC/OV and C/OV than treatments 

NC/SS, C/SS and W/SS (Figure 3.6). 

The P4 concentrations for C/OV cows were not significantly higher than the 

NC/OV group at d 0 and were not significant 36 h after PGFja for cows with P4 greater 

than 1 ng/ml (Figure 3.7). Twelve cows had serum less than 1 ng/ml, but nine of those 

still ovulated a dominant follicle (Figure 3.7), suggesting that luteolysis had already taken 

place at d 0. 

The average dominant follicle size for the nine cows with ?«less than 1 ng/ml at d 

0 was 16.2 mm (Table 3.4). The NC/OV treatment resulted in lower concentrations at 

d 0 than C/OV and at 36 h after PGFja (Figure 3.7). The NC/OV treatment resulted in 

eight cows with P4 less than 1 ng/ml, whereas C/OV resulted in only four (Table 3.4). 

Discussion 

This study examined the effects of thermal stress on follicular development after a 

PGFja injection to monitor growth of follicles after luteolysis of corpus luteum. All cows 
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received rbST at d 63 ± 3.S, as practiced in large commercial dairy operations. The study 

showed ovulations at d 63 ± 3.5 were compromised from some internal effects, such as 

reduced concentration of LH or LH pulsatile frequency, since the number of cows that 

ovulated did not differ among treatments of NC/SS, C/SS and W/SS. However, once the 

second GnRH injection was incorporated into the treatment, as In C/OV and NC/OV, the 

proportions of ovulations increased to 69.6 and 77.3%, respectively. This indicated that 

some mechanism in the cascade of events leading to the release of LH or the concentration 

of LH being released was compromised at this stage pp. The increased dosage of PGFja 

(35 mg) in Exp. 3 was used as in the original trials for the higher body weights of cows 

(Parsley et al., 1995). Cows under high thermal stress dissipate internal heat through 

numerous metabolic adjustments with increased respiration rates being one of the major 

mechanisms. The PGFja is metabolized in the lungs with a half-life of 12 to 15 min under 

neutral thermoneutral conditions. 

These two factors could explain the decreased ovulations from PGFja being 

metabolized at a faster rate, leading to decreased effectiveness of luteolysis of the CL and 

higher levels of P4 in non-ovulating cows. Interestingly, cows that were sampled for P4 in 

the last trial with P4 greater than 1 ng/ml had values similar to one study at 6 to 7 d after 

first GnRH injection (Savio et al., 1993). 

Unfortunately, P4 concentrations were not measured in the first two experiments. 

Cows with incomplete CL regression have been shown to have lower conception rates 
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than do cows with complete CL regression (Moreira et al., 2000). Cows with P4 less 

than 1 ng/ml at PGFja injection might have had a short estrus cycle on the previous cycle, 

therefore not responding to the first GnRH injection since their mean dominant follicle size 

was 16.2 mm at d 0 (Table 3.4), similar to results of another study (Moreira et al., 2000). 

The response that one study showed fi'om using an Ovsynch protocol resulting in 

30.1% pregnant by d 120 pp could have been from injecting with the second GnRH at 

48 h after PGFja (Jobst et al., 2000). The cows in the SS treatment that ovulated did so 

by d 2 after PGFja injection, which is the same time the cows are being injected in 

protocols used by some managers to make the time frame fit into their schedule instead of 

the cows'. Breuel et al.(1993) found that large follicles (> 12.9 ± 0.9 mm) on d 5 of the 

estrous cycle resulted in lower fertility than cows with small (7.S ± 1.8 mm) follicles, 36 

and 91%, respectively. Other researchers found that large persistent follicles that are 

ovulated are not as fertile as first wave dominant follicles in the growing stage (Ahmad et 

al., 1996). This might explain the decreased conception rates from Ovsynch reported in 

the recent study (Jobst et al., 2000). In our experiment, the second GnRH was given at 32 

to 33 h after PGFja, which ovulated a smaller follicle; this coincides with the original trials 

time frame. Again, this interval is not as easy to manage but may improve conception rates 

and, ultimately, reproductive eflBciency. 

Using the Select Synch protocol in the first two experiments led to ovulation 

percentages ranging from 24.1 to 29.4% (Table 3.3), with ovulations taking place over a 
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4- to 5-d period (Table 3.3). In the W/SS and C/SS treatment groups, 60% of the cows 

that ovulated did so in the first 2 d after the PGF2a injection (Table 3.3). Since sperm need 

to undergo a period of capacitation in the female reproductive tract, and if normal A.I. 

breeding at the 80-h post-PGFja rule was applied to cows not exhibiting standing estrus, 

semen would have been placed into the tract beyond the ideal time needed to accomplish a 

successful fertilization. However, in the treatment groups C/OV and NC/OV, with 65 and 

56.3% of the ovulations taking place on d 3, sperm would have had time to capacitate if 

breeding had occurred at 16 to 20 h following the second GnRH injection (Table 3.3). 

Interestingly, cows in the Select Synch program ovulated at the same proportion 

regardless of season or cooling treatment. Clearly, a dairy manager, using similar 

management and feeding strategies, would not be successful in achieving pregnancies at 

63 d pp. However, Ovsynch under cooled and not-cooled conditions led to ovulation rates 

being significantly higher. Therefore, if conception rates are not compromised by other 

internal factors, such as elevated internal organ temperatures fi'om decreased blood flow, 

an improvement in conception might be realized. Further research needs to investigate the 

efficacy of using 35 mg of PGFja vs 25 mg in high producing thermally stressed dairy 

cattle. 
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Table 3.1 Treatment designations. 

Treatment Cooled Not cooled Select Synch' Ovsynch^ 

C/SS^ X* . . . X . . . 

NC/SS^ X X . . . 

W/SS' X X , . . 

C/OV^ X X 

NC/OV X X 

'Select Synch, synchronization of estrous through GnRH and PGF injections. 
^Ovsynch = synchronization of estrous through GnRH, PGF, and a second GnRH injection. 
^C/SS = Cooled, Select Synch. 
SiC/SS = Not cooled, Select Synch. 
'W/SS = Winter, Select Synch. 
®C/OV = Cooled, Ovsynch. 
'NC/OV = Not cooled, Ovsynch. 
'X = Hormonal program. 
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Table 3.2 Metabolic, reproductive, and lactation data for all seasons and treatments.' 

Parity Trt. N 
Ovulation 

status^ 
NEFA 

(mEq/1) 
DFD' 
(mm) 

Milk 
(kg/2 wk) 

Winter, 1999-2000 1 V//SS* 17 N 133 ± 11 15.0 ±0.9 413" ±22 

2" Y 195 ±33 15.8 ±2.7 411" ±65 

2 17 N 95± 11 15.1 ±0.9 633^ ± 22 

8" Y 98± 16 16.5 ± 1.3 647^ ±33 

Summer 1999 1 NC/SS* 10 N 201 ± 24 14.2 ± 1.2 461" ±29 

3 Y 105 ±44 13.5 ±2.3 461" ±53 

2 n N 181 ±23 12.7± 1.2 618^ ±25 

5 Y 166 ± 34 14.2 ± 1.7 575''±41 

1 C/SS® 7 N 194 ±29 15.0± 1.5 453"± 32 

1 Y 120 ±76 10.0 ±3.9 407"± 92 

2 15 N 168 ± 19 14.9 ± 1.0 680''±22 

6 Y 166 ±31 15.1 ± 1.6 668*' ± 34 

Summer 2000 1 NC/OV 3 

13 

2 2 

N 

Y 

N 

110 ±28 

137± 13 

156 ±35 

10.8 ± 1.8 

13.9 ±0.8 

14.4 ±2.3 

463"± 48 

399"± 25 

617" ±59 
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Table 3.2 Metabolic, reproductive, and lactation data for all seasons and treatments.' 

Ovulation NEFA DFD' Milk 
Parity Trt. N status^ (mEq/1) (mm) (kg/2 wk) 

4 Y 141 ±24 12.5 ± 1.6 500® ± 42 

1 C/OV* 3 N 214 ±28 7.9 ± 1.9 470° ± 48 

4 Y 140 ±24 13.9± 1.6 421® ±42 

2 4 N 149 ± 24 13.7± 1.6 648® ± 42 

12 Y 172 ± 16.1 16.1 ±0.9 629® ± 24 

'Data are presented as mean ± SEM. 
H)vulation status; N = no ovulation, Y = ovulation. 
^DFD = Dominant follicle diameter. 
*W/SS = Winter, Select Synch. 
*NC/SS = Not cooled, Select Synch. 
®C/SS = Cooled, Select Synch. 
'NC/OV = Not cooled, Ovsynch. 
'C/OV = Cooled, Ovsynch. 
"''differ by parity P < 0.001. 
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Table 3.3 Percent of cows ovulating per day after PGFjCt. 

Percent distribution of ovulation 

Season Hormonal program Treatment Total n 
Percent 

ovulating Day 1 Day 2 Day 3 Day 4 Day 5 

Winter 1999-2000 GnRH + PGFja W/SS' 44 29.4 10.0 50.0 20.0 20.0 0 

Summer 1999 GnRH + POF^a NC/SS^ 29 27.6 12.5 12.5 25.0 25.0 25.0 

C/SS' 29 24.1 14.3 42.9 28.6 14.3 0 

Summer 2000 GnRH + PGFjtt + GnRH NC/OV* 22 77.3 0 17.7 64.7 5.9 11.8 

C/OV 23 69.6 6.2 6.2 56.3 6.3 25.0 

'W/SS = Winter, Select Synch. 
^C/SS = Not cooled. Select Synch. 
'C/SS = Cooled, Select Synch. 
*NC/OV = Not cooled, Ovsynch. 
'C/OV = Cooled, Ovsynch. 
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Table 3 .4. Profile of cows and corresponding donunant follicle size at the time of PGF injection. 

NC/OV C/OV^ Ovulated (%) 

Number animals with P4 < 1 ng/ml 8 4 75 

Mean follicle size day 0, mm 16.2 15.5 

Number animals with P4 > 1 ng/ml 11 16 74 

Mean follicle size day 0, mm 11.6 14.8 

Total n 19 20 

'NC/OV = Not cooled, Ovsynch. 
"C/OV = Cooled, Ovsynch. 



Figure 3.1 Experimental design 
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Figure 3.2 Ovulations by treatment 
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Figure 3.3 Patterns of follicular growth after PGF2a- non-ovulatory follicles 

18 

17 

16 

IS 

OT 14 

o 13 

12 

11 

10 
Day 0 Oayl Oay2 

AlUfPGFIwltMon 

-^5 -Not Cooled n= 29 •••••Cooled n = 29 



81 

Figure 3.4 Dominant follicle growth after PGFza - W/SS versus NC/SS, C/SS (non-ovulatory) 
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Figure 3.5 Dominant follicle growth after PGFia - W/SS versus NC/OV, C/OV (non 
ovulatory) 
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Figure 3.6 Cows that ovulated: percent ovulating per day - all treatments 
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Figure 3.7 Mean serum progesterone concentrations by ovulation outcomes 
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Figure 3.8 Mean serum progesterone concentrations by treatment 
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Figure 3.9 Changes in follicular diameter leading to ovulation - all seasons 
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Figure 3.10 Changes in follicular diameter leading to ovulation - all treatments 
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Figure 3.11 Dominant follicle size day 0 by season - non-ovxilatoiy 
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Figure 3.12 TDominant follicle size by season - ovulatory 
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Figure 3.13 Follicular diameter day 0 by pen - non-ovulatory 
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CHAPTER 4 
CONCLUSIONS 

These studies, which evaluated cooling and rbST in Jersey cattle. Select Synch and 

Ovsynch in Holstein and Brown Swiss cattle demonstrate the utility of effective 

management tools in dairy operations. However, management of resources to assure 

administration during the most optimal conditions is necessary for success. 

Hormonal intervention in reproduction, regardless of program choice, has proven 

to be most effective when initiated in the early luteal phase of the estrous cycle. The 

Ovsynch response versus the Select Synch response measured in this study indicated that 

high producing cows needed the extra injection of GnRH to promote ovulation. If the 

cow does express estrus but does not ovulate a growing dominant follicle, there is a loss 

of both semen and labor. In the Select Synch treatment groups, the major number of cows 

that ovulated did so by d 2 after administration of PGF2a. Therefore, to be effective the 

protocol requires estrus detection, which still does not assure an ovulation. Under 

Ovsynch, the program does not require estrus detection and can be started at any time 

during the estrous cycle (Stevenson, 2000). However, improved conception rates were 

reported if the first GnRH injection was administered during the early luteal phase 

(Vasconcelos, 1999). Therefore, injections must be given at the appropriate times to 

modulate the cycle for the highest probability of a successful pregnancy. A higher rate of 

pregnancies is possible if early postpartum heats are recorded and m^ped, the initiation of 

Ovsynch during the early luteal phase of the estrous cycle, as described by researchers in 

(Moreira, 2000). 
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The timing of the first GnRH injection coincident with an rbST injection at some 

day after 63 d postpartum has proven to be efifective in improving pregnancy rates in high 

producing lactating Holstein cows under thermal stress conditions (Moreira, 2000). 

Therefore, if accurate records were kept for earlier observed estrus, an appropriate time 

for injections of both programs (rbST and Ovsynch) would optimize the chance for a 

successful pregnancy, improving profitability. With the use of on-farm personal 

computers, these cows could be blocked into weekly schedules to minimize labor 

requirements and maximize potential benefits. However, the role of the individual 

responsible for reproduction must be redefined to account for the added time needed for 

estrus detection in large dairy herds. 

Dairying in areas that experience high thermal stress must utilize environmental 

modifications such as shade and cooling to maintain profitability. The benefit was 

demonstrated in Exp. I. with increased income over costs. Respiration rates and external 

fore udder temperatures, which affect both milk production and reproduction were 

reduced in environmental modifications which included evaporative cooling similar to 

other trials (West, 1990; Hansen, 1997). The combined effect of higher peak milk 

production and increasing lactation persistency with minimal cost, as reported in numerous 

studies utilizing rbST and cooling (West, 1992, Bauman, 1993, Manalu, 1991), 

demonstrates that a dairy operation can improve responses in both milk production and 

reproduction. In our studies, cooling coupled with the use of rbST led to economically 

improving milk production in early, mid and late lactation cows. Even though cooling 

had no effect on percemage of ovulations in the reproductive trials, pregnancy rates were 
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improved in other trials designed to reduce heat stress (Ryan, 1992; Smith, 1993; 

Thatcher, 1986). Serum hormonal concentrations of estradiol, progersterone LH and 

Cortisol are affected under heat stress conditions and may affect the development of the 

dominant follicle, estradiol production, CL development and subsequent progesterone 

production, decreasing expression of estrus, ovulation, fertilization and implantation 

(Thatcher et al., 1986). Therefore, any modification that reduces heat stress will 

potentially improve reproduction. 

Hormonal regulation of the estrous cycle will help offset estrus detection problems 

in heat stress cows as indicated in this study. Knowing that ovulation was improved in 63-

d postpartum cows using Ovsynch with a 73% ovulation rate provides the opportunity to 

achieve a successful pregnancy; whereas utilizing Select Synch with only 26% ovulations 

would only contribute to poor reproductive results. 

As dairy operations continue to increase milk production per cow through 

management advances, vigilance must be ingrained in management to assure that cost 

controls of production and reproduction are maintained. By appropriately utilizing 

products like rbST and hormonal protocols such as Ovsynch, which are both cost effective 

and easy to sequence into the normal routine of a busy operation, a dairy operation can 

stay competitive, to be profitable. 
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Appendix Table 1. ANOVA for ovulation outcome using NC/SS,' C/SS^ 

Source DF^ Type III SS Mean square F Value Pr > F 

Pen 1 0.05630911 0.05630911 0.09 0.5996 

Parity I 0.18837074 0.18837074 0.88 0.3385 

Pen X parity 1 0.01999216 0.01999216 0.10 0.7543 

'NC/SS = Not cooled. Select Synch. 
"C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 

Appendix Table 2. ANOVA for follicle diameter (FD) using NC/SS,* C/SS* treatments. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen 1 1.573858 1.573858 0.42 0.5178 

Parity 3 233.133960 77.711320 20.77 <0.0001 

Pen X parity 41 2100.254343 51.225716 13.69 <0.0001 

Pen X day 3 32.523311 10.8411104 2.90 0.0379 

'NC/SS = Not cooled. Select Synch. 
^C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 
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Appendix Table 3. ANOV A for percentage follicle diameter (PFD) using NC/SS,' 
C/SS" treatments. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen 1 0.56112992 0.56112992 21.58 <0.0001 

Parity 3 1.72067499 0.57355833 22.06 <0.0001 

Pen X parity 41 5.15750602 0.12579283 4.84 <0.0001 

Pen X day 3 0.24974805 0.08324935 3.20 0.0257 

'NC/SS = Not cooled. Select Synch. 
•C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 

Appendix Table 4. ANOVA for day of ovulation (DOV) using NC/SS,' C/SS^ 

Source DF^ Type ID SS Mean square F Value Pr > F 

Pen 1 0.05294118 0.05294118 0.04 0.8438 

Parity 1 0.288235529 0.288235529 0.22 0.6469 

Pen X parity 1 5.17712418 5.17712418 3.98 0.0713 

'NC/SS = Not cooled. Select Synch. 
"C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 
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Appendix Table 5. ANOVA for NEFA using NC/SS,' C/SS^ treatments. 

Source DF' Type in SS Mean square F Value P r > F  

Pen I 8.22432 8.22432 0.00 0.9704 

OV* 1 16532.35980 16532.35980 2.79 0.1010 

Pen X OV 1 566.32765 566.32765 0.10 0.7584 

Parity 1 1749.70660 1749.70660 0.30 0.5891 

Pen X parity 1 226.53677 226.53677 0.04 0.8487 

Pen X day OV 2 12875.09331 6437.54665 1.09 0.3450 

'NC/SS = Not cooled. Select Synch. 
•C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 
^OV = Ovsynch. 

Appendix Table 6. ANOVA for milk using NC/SS,' C/SS^ treatments. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen 1 20088.560 20088.560 0.4454 0.0016 

OV* 1 23374.416 23374.416 0.4107 0.8383 

Pen X OV 1 597.072 597.072 0.8950 0.5133 

Parity 1 1326056.965 1326056.965 61.48 <0.0001 

Pen X parity 1 108941.699 108941.699 3.39 0.0793 

Pen X day ^ OV 2 16340.224 8170.112 0.24 0.7871 

'NC/SS = Not cooled. Select Synch. 
^C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 
^OV = Ovsynch. 
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Appendix Table 7. ANOVA for dominant follicle diameter (DFD) using NC/SS,' C/SS^ 
treatments. 

Source DF' Type in SS Mean square F Value P r > F  

Pen 1 0.07850059 0.07850059 O.Ol 0.9431 

>
 

O
 1 7.59441155 7.59441155 0.50 0.4839 

Pen X OV 1 15.14105211 15.14105211 0.99 0.3241 

Parity 1 8.6239177 8.63129177 0.57 0.4553 

Pen X parity 1 15.5011510 15.5011510 1.02 0.3185 

Pen X day =< OV 2 25.74432690 12.87216345 0.84 0.4364 

'NC/SS = Not cooled, Select Synch. 
"C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 
•*0V = Ovsynch. 

Appendix Table 8. ANOVA for ovulation outcome for W/SS' treatment. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen I 0.36847205 0.36847205 2.24 0.1422 

'W/SS = Winter, Select Synch. 
"DF = Degrees of freedom. 
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Appendix Table 9. ANOVA for follicle diameter (FD) for W/SS' treatment. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen 1 1.682031 1.682031 0.73 0.3957 

Parity 3 4.056860 1.352287 0.59 0.6259 

Pen X parity 13 1252.822683 40.413635 17.51 <0.0001 

Pen day 3 0.673935 0.224645 0.10 0.9613 

'W/SS = Winter, Select Synch. 
"DF = Degrees of freedom. 

Appendix Table 10. ANOVA for percentage follicle diameter (FD) for W/SS' treatment. 

Source DF^ Type m SS Mean square F Value P r > F  

Pen 1 0.05647958 0.5647958 3.20 0.0775 

Parity 3 0.05740999 0.01713666 1.08 0.3610 

Cow (parity) 13 3.10890042 0.10028711 5.67 <0.0001 

Pen X day 3 0.02218143 0.00739381 0.42 0.7403 

'W/SS = Winter, Select Synch. 
"DF = Degrees of freedom. 

Appendix Table 11. ANOVA for day of ovulation (DOV) for W/SS' treatment. 

Source DF^ Type in SS Mean square F Value P r > F  

Parity 1 0.4000000 0.4000000 0.27 0.6195 

'W/SS = Winter, Select Synch. 
^DF = Degrees of freedom. 
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Appendix Table 12. ANOVA for NEFA for W/SS' treatment. 

Source DF^ Type HI SS Mean square F Value Pr > F 

OV^ 1 5765.30293 5726.30293 2.56 0.1172 

Parity 1 24340.50852 24340.50852 10.83 0.0021 

Parity xOV 1 4655.79565 4655.79565 2.07 0.1579 

'W/SS = Winter, Select Synch. 
= Degrees of freedom. 

^OV = Qvsynch. 

Appendix Table 13. ANOVA for milk for W/SS' treatment. 

Source DF^ Type in SS Mean square F Value P r > F  

>
 

O
 1 805.834 805.834 0.02 0.8895 

Parity 1 1358103.952 1358103.952 32.97 <0.0001 

Parity x OV 1 1507.834 1507.834 0.04 0.8492 

'W/SS = Winter, Select Synch. 
^F = Degrees of freedom. 
^OV = Qvsynch. 
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Appendix Table 14. ANOVA for dominant follicle diamter (DFD) for W/SS' treatment. 

Source DF^ Type in SS Mean square F Value Pr > F 

OV^ 1 6.24566176 6.24566176 0.42 0.5216 

Parity 1 0.82573165 0.82573165 0.06 0.8153 

Parity =< OV 1 0.55484056 0.55484056 0.04 0.8481 

'W/SS = Winter, Select Synch. 
"DP = Degrees of freedom. 
^OV = Ovsynch. 

Appendix Table 15. ANOVA for ovulation (OV) outcome for NC/OV,' C/OV^ 
treatments. 

Source DF^ Type III SS Mean square F Value Pr > F 

Pen 1 0.06933595 0.06933595 0.33 0.5692 

Parity 1 0.00058878 0.00058878 0.00 0.9581 

Pen X parity 1 0121587598 0.21587598 1.03 0.3173 

'NC/SS = Not cooled, Select Synch. 
"C/SS = Cooled, Select Synch. 
^DF = Degrees of freedom. 

Appendix Table 16. ANOVA for follicle diameter (FD) for NC/OV,' C/OV^ treatments. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen 1 0.7718534 0.7718534 0.26 0.6174 

Parity 3 14.2345753 4.7448584 1.57 0.2190 

Cow (pen) 10 501.0886771 50.1088677 16.57 <0.0001 

Pen x day 3 19.4223642 6.4741214 2.14 0.1175 

'NC/OV = Not cooled, OvSynch. 
"C/OV = Cooled, OvSynch. 
^DF = Degrees of freedom. 
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Appendix Table 17. ANOVA for follicle diameter (PFD) forNC/OV,' C/OV^ 
treatments. 

Source DF' Type in SS Mean square F Value P r > F  

Pen I 0.36258337 0.36258337 7.09 0.127 

Parity 3 0.15359654 0.15359654 1.00 0.4070 

Pen X parity 10 2.14914770 2.14914770 4.20 0.0010 

Pen ^ day 3 0.30101578 0.10033859 1.96 0.1427 

'NC/OV = Not cooled, Ovsynch. 
•C/OV = Cooled, Ovsynch. 
^DF = Degrees of freedom. 

Appendix Table 18. ANOVA for follicular diameter, non-ovulating cows, contrast for 
season. 

Source DF' Contrast SS Mean square F Value P r > F  

All SSVOV 1 11997.59827 11997.59827 791.47 <0.0001 

SS, W/SSVOV' 1 11997.59827 11997.59827 791.47 <0.0001 

'DF = Degrees of freedom. 

Appendix Table 19. ANOVA for follicular diameter, ovulating cows, contrast for 
season. 

Source DF' Contrast SS Mean square F Value P r > F  

All SSVOV" 1 1315.90793 1315.90793 2775.35 <0.0001 

SS, W/SSVOV 1 1315.90793 1315.90793 2775.35 <0.0001 

'DF = Degrees of freedom. 
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Appendix Table 20. ANOVA for day of ovulation (DOV) using NC/OV/ C/OV^ 

Source DF^ Type ID SS Mean square F Value Pr > F 

Pen 1 0.67313916 0.67313916 0.68 0.4160 

Parity I 0.16828479 0.16828479 0.17 0.6829 

Pen X parity 1 2.69255663 2.69255663 2.72 0.1096 

'NC/SS = Not cooled, Ovsynch. 
"C/SS = Cooled, Ovsynch. 
^DF = Degrees of freedom. 

Appendix Table 21. ANOVA for NEFA using NC/OV,' C/OV^ treatments. 

Source DF^ Type in SS Mean square F Value P r > F  

Pen 1 8238.46225 8238.46225 3.30 0.0775 

Ovulating cows 1 775.81204 775.81204 0.31 0.5808 

Pen X ovulating cows 1 1882.33056 1882.33056 0.75 0.3911 

Parity 1 138.72871 138.72871 0.06 0.8150 

Pen parity 1 3288.29661 3288.29661 1.32 0.2587 

Pen X parity 
ovulating cows 2 11693.12630 5846.56315 2.34 0.1105 

'NC/SS = Not cooled, Ovsynch. 
^C/SS = Cooled, Ovsynch. 
^DF = Degrees of freedom. 
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Appendix Table 22. ANOVA for milk for W/SS,' NC/OV,^ and C/OV^ treatments. 

Source DF" Type in SS Mean square F Value P r > F  

Pen I 82590.4578 82590.4578 2.48 0.1238 

Ovulating cows 1 142924.5813 142924.5813 4.29 0.0453 

Pen x ovulating cows 1 29454.0412 29454.0412 0.88 0.3530 

Parity 1 956780.7942 956780.7942 28.74 <0.0001 

Pen parity 1 39337.3714 39337.3714 1.18 0.2841 

Pen X day x 
ovulating cows 2 16269.157 8134.579 0.24 0.7845 

'W/SS = Winter Select Synch. 
^C/OV = Not cooled, Ovsynch. 
^C/OV = Cooled, Ovsynch. 
^DF = Degrees of freedom. 

Appendix Table 23. ANOVA for dominant follicle diameter (DFD) using NC/OV,' 
C/OV^ treatments. 

Source DF' Type in SS Mean square F Value P r > F  

Pen 1 0.00218127 0.00218127 0.00 0.9885 

Ovulating cows 1 43.44783970 43.44783970 4.16 0.0486 

Pen X ovulating cows 1 23.48469156 23.48469156 2.25 0.1422 

Parity 1 48.96018538 48.96018538 4.69 0.0369 

Pen x parity 1 16.19345699 16.19345699 1.55 0.2209 

Pen X parity 
ovulating cows 2 35.12636315 17.56318158 1.68 0.1999 

'NC/OV = Not cooled, Ovsynch. 
"C/PV = Cooled, Ovsynch. 
^DF = Degrees of freedom. 
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Appendix Table 24. ANOVA for progesterone concentration for NC/OV,' C/OV^ 
treatments. 

Source DF' Type in SS Mean square F Value P r > F  

Pen 1 3.3412500 3.3412500 2.32 0.1401 

Hour 1 115.1788707 115.1788707 80.03 <0.0001 

Cow (pen) 25 38.5050500 1.5402020 1.07 0.4334 

Pen X parity x 
ovulating cows 1 0.9604263 0.9604263 0.67 0.4217 

'NC/OV = Not cooled, Ovsynch. 
"C/OV = Cooled, Ovsynch. 
^DF = Degrees of freedom. 
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Appendix Table 25. Temperature-humidity index (THI) for dairy cows. (Modified from F. 
Wiersma, 1990; Dept. of Agricultural Engineering, Univ. Arizona, Tucson.) 
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