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Abstract

Although prostaglandin hormone treatments have been used to synchronize estrus 

in beef cattle to control calving distribution, the question remains whether prostaglandin 

treatment in combination with natural service will significantly alter calving distribution, 

and be cost effective for the rancher. In this study, when prostaglandin F (Estrumate and 

Lutalyse) was utilized, there were no differences between treated and untreated animals 

in birth weight or mean birth date. However, calving distribution within two twenty-one 

day periods was significant across treatments. During the first 21 days of the calving 

season, treated cows calved earlier when compared to the control herd, although the 

proportion of cows calving during period one was significantly greater for the control 

group versus the treatment group. During the second 21-day period, 10% more calves 

were bom in the treatment group versus the control group, however, mean birth date 

within the second period was not significantly different. These results suggest the 

prostaglandin F (PGF) treatment altered calving distribution during the first 21 days. 

Although more calves were bom earlier within the treated group during the first 10 days 

of the calving season, the observed shifts are not pronounced enough to justify the cost of 

PGF treatment.
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Introduction

Estrous synchronization is commonly used in beef cattle to control receptivity and 

therefore, alter distribution of calving. Observations by Schafer et al. (1990) show 

synchronization can be useful, causing earlier calving by 13 days, and an increase of 21 

lbs per calf in weaning weight. Calf weaning weight impacts profitability for the rancher. 

Assuming eastern Montana calf markets pay approximately one dollar per pound, an 

average 21-pound increase per calf is a 21-dollar increase in gross profit per calf. 

Synchronization provides tight grouping of calving dates when compared to 

unsynchronized animals, allowing 14.9% of cows to calf on the peak day and 62.4% to 

calf during the peak week (Odde et al., 1987). This shift from the expected distribution 

could theoretically allow a rancher to shorten the calving season and shift calving dates 

toward the beginning of the season.

Numerous methods of synchronization are currently available to the rancher. 

Progestin treatment (Synchromate B) has been found to alter calving distribution, causing 

the calves of Angus cows to be significantly older and therefore heavier by a set date than 

an untreated group (Schafer et al., 1990). A second drug, Prostaglandin F (PGF), can 

also be used to synchronize cattle, and has been reported to increase the pregnancy rates 

of virgin cattle in conjunction with artificial insemination (Al) (Lambert et al., 1975).

Prostaglandin, a hormone secreted by the uterus, acts to degenerate the corpus 

luteum (CL), therefore synchronizing estrous in cattle. Lutalyse and Estrumate are 

currently available to the rancher for prostaglandin synchronization. Lutalyse contains 

the naturally occurring prostaglandin F2alpha. Estrumate is a synthetic prostaglandin 

analogue of PGF 2alpha. Unpublished studies by Geary in 2002 suggest that both drugs 

are equally effective in synchronizing cattle. PGF can be administered in one dose or in 

two doses spaced 10 days apart. The advantage of the 2-dose treatment is to catch 

animals that are unresponsive to the first treatment; however using a two-dose method 

increases the cost and labor for the rancher (Lambert et al., 1975).

PGF and its analogs are used to degenerate the corpus luteum (CL) in cattle, 

causing estrus to occur within 1 to 5 days. Limitations of PGF include the necessity for a 

CL in the ovary in order for the prostaglandin treatment to become effective. Due to the 

lack of a CL during the first 5 days of the estrus cycle, and the lack of a functioning CL
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during the last 5 days of the estrus cycle, PGF treatment is ineffective if given in one 

dose. However, if doses are given approximately 10 days apart, this would theoretically 

catch those animals missed by the first dose, therefore successfully synchronizing the 

herd.

According to Whittier et al. (1991), the use of PGF in conjunction with artificial 

insemination resulted in a higher pregnancy rate 5 to 9 days after PGF was administered. 

Whittier et al. (1991) also noted that a greater number of calves were bom overall in the 

treated group. Lambert et al. (1975) used a single dose of PGF in combination with either 

artificial insemination (Al) or natural mating and observed a higher Al pregnancy rate, 

but no significant pregnancy rate difference between treated and control animals when 

pooling naturally mated and Al animals. Lambert et al. (1975) also noted during the first 

10 days of the breeding season, a higher percentage of PGF treated animals had 

conceived versus the control group. This trend, monitored only for the first 10 days, 

would suggest the average day of conception could be moved closer to the beginning of 

the breeding season.

Given previous studies and drug treatments, I hypothesized that estrous 

synchronization in heifers, using PGF, would shift the mean calving date to an earlier 

date. This shift would then provide more days for the calf to gain weight before a set sale 

date.
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Background

Estrous cycle in cattle

Cattle begin the estrous cycle when they reach 50-65% of their adult body weight, 

at approximately one year of age. Once the estrous cycle begins, the primary tissues and 

glands that are associated with the cycle include the hypothalamus, pituitary, ovary, and 

uterus. Numerous hormones and their interactions further control the estrous cycle in 

cattle. Cattle are in estrus approximately every 21 days, with the range spanning from 

17-24 days.

The rupture of the preovulatory follicle establishes day 1 for the twenty-one day 

estrus cycle. During days 2-5, the cells lining the ovulated follicle transform into a 

corpus luteum (CL). The CL is responsible for producing progesterone, which is crucial 

for maintaining a pregnancy if the ovum is fertilized. The CL remains functional in 

secreting progesterone until about day 17 if the animal is not pregnant. At this time, the 

uterus secretes the hormone prostaglandin F2alpha (PGF), which causes the CL to 

degenerate. Progesterone levels will decrease, and cattle will show heat approximately 2- 

5 days after CL degeneration.

Typical gestation length for cattle is 285 days. Given there are 365 days in a year, 

and cattle are expected to produce a calf yearly, breeding season would therefore be 

approximately 80 days. However, if a cow calves late in the season, the breeding season 

is considerably shorter, and the more likely the cow will be anestrus, or not cycling.

PGF Synchronization in Cattle

Given the wave nature of follicle development, estrous synchronization plans aim 

to synchronize these waves, causing females to have a dominant follicle of the same age 

and size. The use of PGF in estrous synchronization targets a mature CL, causing it to 

degrade when injected into the animal. Because this type of synchronization depends on 

a mature CL, animals lacking a CL, notably animals in the first 1-5 days and last 18-21 

days of the estrous cycle are not affected by PGF treatment. However, because the group 

of cows between 18 and 21 days will naturally come back into estrous, they are 

synchronized naturally while the cows within the first 3 to 4 days fail to synchronize.
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Because some animals are missed during this initial 4 days, a two shot method of PGF 

may be more effective.

PGF naturally acts to regress the CL, however if a CL is not present, it has no 

effect. Therefore, PGF use is also not successful on anestrus animals, including animals 

too young to cycle, or prepuberal.
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Materials and Methods

Herd Composition

One hundred ninety-one animals were used in this study. One hundred and four 

Angus yearling heifers were purchased from three different locations in southeastern 

Montana. In 2002, these purchased heifers (Herd 1) were combined with two mixed 

breed herds, containing 39 (Herd 2) and 48 (Herd 3) animals respectively, bom and raised 

at Fort Keogh Livestock and Range Research Laboratory. The three herds were 

randomly assigned into control (94 animals) and treatment (97 animals) groups. 

Synchronization and Natural Insemination of Herds

Preliminary work included placing four two-year old Hereford bulls in with all 

heifers on June 4, 2002. The treatment group animals were each given one dose of PGF 

on June 10, 2002. Herd 1 heifers were given 2cc Estrumate (IM), while herds 2 and 3 

were given 5cc of Lutalyse. Blood samples were collected on June 3 and June 10 using 

a tail-bleed method. These animal blood serum samples were later subjected to a 

radioimmunoassay for progesterone to determine whether the heifers were cycling.

Heifers were sorted by herd into two separate pastures. Herd 1 was moved to a 

2,232 acre pasture with the four Hereford bulls. Herds 2 and 3 were placed together in a 

separate 2,296 acre pasture with four purchased one-year-old Angus bulls. The bulls 

were left in the pastures for 43 days after the PGF shot was given. Angus bulls were 

pulled from herds 2 and 3 on July 23, 2002 and the Hereford bulls were pulled from herd 

1 on July 24, 2002.

Collection of Data

After 51 days, on September 23, heifers were pregnancy tested using ultrasound, 

and their body condition was visually appraised and assigned a score using a nine-point 

scale (l=severely emaciated to 9=very obese) (Herd and Sprott, 1986).

The calving season began on March 11, 2003 and spanned 65 days until May 14, 

2003. Birth weight was taken on site using a spring scale at the time of birth. Herd 1 

calves were again weighed on June 4, 2003 and herd 2 and 3 calves were weighed on 

June 5, 2003.
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Data Analysis

Data were analyzed using SAS GLM procedures (SAS, 1990). To examine date 

of birth and birth weight, a model including treatment, herd, and sex was used. Body 

condition score was analyzed using treatment and herd as independent variables. A 

Wilcoxon rank sum test was used to analyze birth data (McClave and Sincich, 2003). 

Average rank was determined by assigning each calf a numerical rank relative to the date 

of birth (earliest bom given rank of 1). In the case of animals bom on the same day, 

assigned ranks were averaged and each animal was given the same average rank. Calf 

rank was analyzed using treatment as an independent variable, thereby testing whether 

more calves were bom earlier in a given treatment (lower average rank indicative of 

calves bom earlier).

Data were separated into 21-day periods (period 1, 2, and 3, respectively) for 

statistical analysis. The cumulative proportion of calves bom, as a fraction of total cows 

exposed, was analyzed for each period using the following independent variables: date of 

calving, treatment and herd interactions. The ten-day segments were analyzed using the 

proportion of calves bom as a fraction of the total cows exposed as the dependent 

variable, and herd, treatment, and treatment by herd interactions as independent variables.

Calf weight taken on June 4 or 5, 2003 was analyzed using treatment, herd, 

period, and interactions of treatment by period and treatment by herd by period.
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Results

Across the entire calving season, mean and median birth dates were similar 

between control and treatment animals (mean = 3/29/2003 + 13.6 d), as well as calf birth 

weight (mean = 78.9 +10.1 lbs). However, slight differences in calving distribution were 

noted.

Examination of calving distribution revealed that treated animals initially 

experienced a greater number of calves bom earlier, but this apparent gain was lost on the 

16th day (March 27, 2003) of the calving season (Figure 1). Control animals continued 

to birth calves relatively steadily over time while treated animals experienced a slowed 

rate of calving during days 11-20 of the calving season (March 22 to March 31).

To further examine the data, calving dates were divided into twenty-one day 

periods, representative of the length of one estrous cycle (period one, two, and three, 

respectively). Period three however did not contain enough observations, so it merely 

served to bracket the end of period two, making periods one and two each 21 days. 

Consequently, period 3 will be omitted in data analysis and figures. Within each period, 

significant differences in calving rates and distributions due to treatment were noted.

During the first period, 60 percent of control cows exposed to a bull during the 

breeding season calved in period one, while 46 percent of treated cows calved in the first 

21 days (p = 0.07). Within the second period, 25 percent of treated cows exposed calved 

while 15 percent of control cows exposed calved (p = 0.09) (Fig. 2). Although 10 percent 

more calves were bom in the treatment group within period 2, mean birth date within 

period 2 was not significantly different between control and treatment groups (Fig. 1).

Period one was further broken down into 10 and 11-day segments. During the 

first 10 days, 32% of treated cows calved versus 24% of controls, however during the 

second 11 days, 34% of the control cows calved versus 14% of the treatment cows.

Thus, more calves were bom within the control group during the first period, while more 

of the treated group gave birth within the first segment, although this was not statistically 

significant (Fig. 3).

Effects of each unique herd were examined for body condition score (BCS), birth 

weight, and pregnancy rate (heifers calved versus heifers exposed to bull) (Table 1).
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BCS differed between herds (p <0.0001), and birth weight was different between herds 

one and three (p = 0.05). These data confirmed the need to account for herd variation 

throughout data analyses. Herd one was on a separate pasture from herds two and three. 

Herd one was also a Black Angus breed, while herds two and three were mixed breeds. 

These mixed breeds may express a heterosis advantage for some traits, which may 

account for higher pregnancy rates.

Taking into account each unique herd, each treatment by herd interaction for the 

cumulative number of calves bom, divided by the total number of cows in the respective 

treatment and herd, was unique (p = 0.002) (Fig. 4). These results suggest each herd of 

heifers experienced a distinct calving pattern throughout the calving season.

To analyze profitability for the rancher, and obtain a model to determine how 

shifting a birth date will affect the final weight of the calf, average weight gain per day 

was calculated from the data. The difference in weight between birth and pre-weaning (6- 

5-03) was calculated, along with the calves’ ages, and each data point represented calf 

weight gain as a proportion of the age of the animal. The average weight a calf gained in 

this study was 2.07 pounds (Fig. 5).
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Figure 1: Calving distribution of control and treatment groups
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21 Day periods

Figure 2: Percentage of heifers calved of total exposed, in 21-day periods. p=0.07 for 

period 1, p=0.09 for period 2. Standard error represented by lines above each bar.
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Figure 3: Percentage of heifers calved of total exposed, in 10 and 11-day segments of 
period 1. p=0.253 for segment 1, p=0.008 for segment 2. Standard error represented by 
lines above each bar.
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Figure 4: Percent of heifers calved by treatment and herd, each treatment within herd was 
unique. p=0.002.
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Figure 5: Average weight gain per day combining all herds and treatments. n=191. 
Linear regression analysis: Y=2.067x + 3.22, R2 = .5925
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Table 1: Values for BCS, birth weight, and pregnancy rate. Statistical analysis revealed 
some significant differences between herds, which emphasized the need to account for 
herd in statistical models.

Herd 1 Herd 2 Herd 3
Body Condition Score 
(BCS)

5.6±.O5 6.4±.O9 6.1±.O8

Birth Weight 80.4±1.14 77.5±1.82 76.5±1.63
Pregnancy Rate Period 1 .48±.O5 .57±.08 .60±.07

Pregnancy Rate
Period 2

,21±.O4 .23±.06 .15±.O6

Pregnancy Rate
Period 3

,08±.02 O±.O4 .04±.03
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Discussion

Overall, there was no difference in mean and median birth dates between 

treatment and control groups. Mean birth weight and pre-weaning weight were also the 

same between control and treatment. These results suggest using one dose of PGF and 

allowing natural mating are not cost effective for the rancher under the conditions of this 

study, using the weight gain for a calf as 2.07 pounds per day.

However, the PGF treatment significantly influenced the first 21 days of the 

calving season. Treated heifers that calved within the first 21 days were bom earlier than 

the control group. However, more calves were bom within the control group during the 

first 21 days.

Herd 1 was slower to calf than the other two herds. Herd 1 in the treatment group 

was significantly different from the other two herds and tended to skew the data based on 

a lower initial pregnancy rate. Herd 1 was composed of Black Angus, while the other 

two herds were crossbred animals. These crossbred animals may possess a heterozygote 

(heterosis) advantage that results in higher pregnancy rates.

The decreased percentage of heifers that calved in the treated group during period 

one could be attributed to the inability of the bulls to service all heifers in heat within a 5- 

day time frame following the PG injection (site). It has been suggested that a cow to bull 

ratio of 20:1 should be used when using synchronization treatment, and the bulls should 

be rotated and rested during the synchronized estrus periods (Whittier et al., 1991). The 

ratio of heifers to bulls for herd 1 was 26:1 while the ratio for herds 2 and 3 was 22:1. 

Pasture shape and accessibility could be other factors contributing to decreased number 

of calves bom within the first 21 days in the treatment group due to the urgency and 

number of heifers in heat that the bull must service.

To make PGF treatment with natural mating cost effective for the rancher, one 

may consider the use of older, more experienced bulls, the rotation of bulls, or a cow to 

bull ratio closer to 20:1. In addition, smaller pastures allowing for greater chance of bull 

to cow contact could be beneficial.
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