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During the past few years, research in reproductive physiology and endocrinology has resulted in several new 

discoveries thest hove importont implications in the management of fertility in miry cattle. The purpose of this 

presentation wm be to rev1ew some of these research f1ndtngs and to d1scuss Wfli/S that thts 1nformat1on m1ght be 

used for improving reproduction in dairy herds now and in the future. 

lhil Hypotho1eamtc-PUuttary ~is 

The hypothalamus at the base of the brain is the site of synthesis and secretion of many peptidas that either act 

at the anterior pituitary to control relea59 of p1tu1tary hormones or that are transported to the posterior p1tu1tary 

for storage and subsequent release. These peptides are synthesized in nerve cell bodies 1ocali2ed within specific 

regions of the hypothalamus referred to as nuclei. These peptides are transported through exons to terminals 

where they are released either into the portal vessels leading to the anterior pituitary or into the circulation 

leading from the posterior pituitary. 

It is now recognized that these peptides are released in episodic pulses at various frequencies that are 

controlled by sensory input into the hypothalamus. The frequency of release of these peptires has profound effects 

on the reproductive system and other endocrine systems. 

One peptide that 1s of central importance 1n regu1at1on of repro:tuct1on 1s !JJn~trop1n releasing hormone 

(referred to as anRH or LHRH). The frequency at which GnRH is released affects the onset of estrous cycles in the 

postportum cow and the regulation of follicular growth during subsequent estrous cycles. In the postpartum OON, 

the frequency of 6nRH release 1ncreases from a low rate just after calv1ng to about one pulse per hour prior to 
first ovulation. It 1s thought that this hourly frequency is necessary for initiation of sufficient LH release so that 

follicular growth can occur prior .to first ovulation. After ovulation, the frequency of 6nRH release decreases to 

about one pulse per four to six hours during the mio:Jle of the cycle. As the next estrus appr011:hes, release of 

GnRH increases at a rapid rate and it is thought that the preovulatory surge of LH is caused by pulses of GnRH that 

occur at frequenc1es of more than one per hour. 

Several factors affect the frequency of GnRH release in the postpartum row. For example, it is thought that 

suckling by a calf slaws the rate of release as does inadequate energy intake. These factors appear to be mediated 

with1n the central nervous system by the eruilgenous opiotd pept1des, enOOgenous hormones that ~t like morphine. 

These opioids apparently act on enRH-secreUng neurons to alter the rete of GnRH release from the terminals of the 

axons. Recent studies with several species have shown that the rate of GnRH release can be altered by using 

exogenous 8)1nists or mt~::gJnists of these op1oids. In the future, it is 1il<ely that some of these pr!X1ucts will be 
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evaltable for stimulating earlier cycling In the postpartum OON. At present, these products Qre st111 considered BS 

experimental compounds. 
The anterior pituitary responds to the hypothalamic releasing peptlres by secret1ng the appropriate p1tu1tary 

hormone. In terms of reproduction, the key p1tu1tary hormones are LH and FSH. It is now known that these two 

hormones ere controlled by somewhat divergent mechanisms. For expample, LH appears to be controlled elmost 
exclusively by enRH because pulses of LH in the peripheral circulation apparently are nearly always preceded by 
enRH release from the hypothalamus. In contrast, FSH secretion is stimulated by enRH and inhibited by inhibin, a 

peptide produced by developing follicles. lnhibin acts at the pituitary to reduce the amount of FSH released in 
response to GnRH. It is thought that inhibin plays an important role in selecting the follicle that w111 ovulate after 
onset of estrus. In the future, it may be possible to alter the number of follicles destined to ovulate by treating 

cows w1th 1nh1b1n or w1th antai;J>n1sts of 1nh1bin, Recent studies in sheep have shown that following treatment with 
inhibin, there is an increase in ovulation rate as the system overcompensates after the negative influence of 
inhibin is relieved. Whether such treetments may be useful for superovulation of donor cows remains to be 
determ tned. 

The ab111ty of the anterior pituitary to respond to GnRH seems to depend in part on the number of enRH 
receptors that are ue J~ted on the membranes of the pituitary ce11s. These receptors bind the enRH and then 
release the (J)nadotropins. A relatively new concept about how these receptors function is that exposure to GnRH 
ceuses either en up-regulation or down-regulation in the number of receptors. For example, when the 
(J)n800trop1n-secret1ng cells are first exposed ·to Increasing output of enRH from the hypothalamus, there 1s an 
increase in receptor numbers and this 1Bis to increase output of LH in response to a fixed lb3e of enRH. As output 
of GnRH continues, there is a down-regulation of receptors so the response to GnRH decreeses. Unfortunately, one 

seldom knows whether the pituitary Is in an "up" or "Ol'Nn" mcx:te, so it Is difficult to predict the response to a 
therapeutic dose of GnRH. This helps explain the variable response that one sees when enRH is given to induce 

ovulation in the postpartum cow or when it is given at insemination or to OONS with cystic follicles. Estrogen also 
apparently plays a role in regulating these receptors because estrogen priming seems to promote more receptors. 
Th1,1s a caN that is under the influence of estr(93n at the time of treatment with enRH will probably show a greater 
response thtiD one whtch 1s under the influence of pr(XJesterone or one which has inactive ovaries. 

other factors may affect the pituitary's response to enRH. It has been shown experimentally that 
administration of adrenocorticotropin (ACTH) or the erlrenal steroids reduce the ebility of GnRH to promote releese 

of LH. COnditions that are stressful for cattle and that lead to an increase in secretion of ACTH and the adrenal 
steroids may dampen the cow's response to therapeutic doses of GnRH. 

Recent Concepts of Ovarian Hormone Secretion 
In recent years it has become obvious that the number of hormones proouced by the ovary is much greeter than 

previously thought. The. roles of these hormones are just beginning to be unoorstoo:l. The ovary 1s the primary 
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source of estrogens and progesterone, but 1t also prodUces en arrey of proteins and peptides that apparently are 
involved fn contro11fng both the development of fo111cles and the function of the corpus luteum { Cl). 

OVarian fo111cles begfn to secrete sfgnff1cant quant1t1es of hormones when they~ the early antral stage. In 
the WN, the number of fo11fcles at this stage at any point in time exceeds 20. The developing fo11fcle is divided into 

two oollular compartments, the granu10S81 oolls and the thec81 rells. As the fontcle grows, the thecal oolls bind LH 

from the ent.erfor p1tu1tary and thfs stimulates the 58!retion of androgens. In contr8St, the granulOS81 cells b1nd 
FSH, which promQtes the conversion of 8ndrog8ns to estrogens. The granu10S81 rens also appear to be the site of 

synthesis of inhfbin, but it is unknown how fnhibin secretion is controlled. Just prior to ovulation, the granulOS81 

cells develop the ~1ty to bind LH, and th1s 1s apparently involved in the process of ovulation. 
Studies in several species have shown that the follicles also produce an FSH binding inhibitor that blocks 

binding of FSH to the ovarian cells, a GnRH-11ke peptide that may be involved 1n regulating the number of fo111cles 
that are allowed to develop, an oooyte maturation inhibitor that may control development of the oooyte, and a 

fo111cle regulatory protein that m8'f affect the conversion of androgen to estrogen. It is obvious that control of 

hormone secretion by the developing fo111cles fs quite complex. and 1t fs 11kely that we wm not be 8b le to control 
fo111cular dBvelopment with precision unUl we understand how all of these hormones interact in contromng 

follicular develoment. . 

In cows with cystic folHcles, 1t is clear that the function of the primary developing folHcle has been altered. 
Some recent studies suwest that cystic follicles have degenerating granulosal cells that m not respond to the 

appropriate p1tuftary hormones. In such cows, tt seems that promotion of the development of a new fo111cle or 

ovulation of another smaller developing follicle by treatement with GnRH or chorionic ~rapin fs necessary to 

resolve the cond1tion. It is unclear why some cows with cystic follicles fail to respond toeppropriate therapeutic 

treatment. 
The corpus luteum of the· ovary forms after ovulation and begins to secrete appreciable amounts of 

pro;JBSterone within a two to four mys. It is now known that the corpus luteum also prOOUces at IODst two other 

hormones, oxyt(X:fn and relaxin. 
The Cl fs formed from both the granulosal and thecal cells of the ovulated follicle. The increase in size of the 

Cl during the early part of the estrous cycle 1s pr1mer11~ the result of an increase fn the size of these cells rather 
than tn the number of cells. These cells are referred to as luteal cells once the Cl ts formed. It is now thought that 
the granu10S81 cells form what are known as large 1uteG1 cells ond the theatl cells form smalllutEM~l cells. 

The large and small luteal cells dtffer markedly tn how they respond to hormones. For. exemple, the small 

luteal cells wm resQOnd to LH by increastng their output of progesterone, but the large luteal cells are 

unresponsive to LH. In contrast, the large luteal cells will respond to prostaglandin F {PGF) by ~88Sing 
'\_, 

progesterone output, but the smell luteal ce11s are unresponsive to PGF. The taroe luteal cells, but not the smell 
cells, respond to prostaglandin Es {PeEs) by increasing output of progesterone. There is also some research which 

suggests that the large oolls may prOOUC8 a cytotoxtc substance that destroys small cells during luteolysts. Ftnally, 
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there is evidence that some small cells may develop 1nto large cells as the estrous cycle pro;~resses and this process 

apparently oonttnues during gestation. 
These recent f1nd1ngs about the d1fferent responses of large and small luteal cells to var1ous hormones have 

important implications in terms of therapy and in terms of r800Jnltion of pregnancy (to be discussed later). As we 

increase our understanding of how these cell types interact, we should be able to improve methOOs for 

synchronizing estrus and 1nduc1ng 1uteo1ys1s prec1se1y. In this regard, it is now known that the CL (apparently the 

large luteal cells) produces oxytocin in appreciable amounts during luteolysis. Current theories suggest that the 

luteal oxytocin travels to the uterus to cause release of PGF at the appropriate time of the estrous cycle. 

In additlon to oxytocin, the CL produces relaxin, a protein ho~mone, that plays an important role in dilation of 

the cervix and relaxation of the pelvic ligaments at parturition. In the future it is likely that relaxin may be 

useful for reducing the incidence of difficult de11ver1es, especially in smaller-sized cows. 

Role of the Uterus in Luteolysis 
For several years 1t has been known that the uterus produces a luteolytic hormone that causes the regression of 

the CL at the end of the estrous cycle. It is now generally accepted that this factor is PGF. It is now believed that 

PGF from the uterus is secreted in a pulsatile fashion and that the pulses of PGF are driven by pulses of oxytocin 

from the ips11ateral (~acent) fNary. The ability of oxytocin to stimulate PGF secretion is dependent on oxytocin 

receptors in the uterus. Estrogen from miOOyc:le follicles is thought to induce the formation of oxytocin receptors, 

but this 1s apparently affected by the m100yc:le levels of pr(XJBSterone. If prOJSSterone 1s too high, then the number 

of receptors is apparently lower, but as progesterone begins to decline, the number of receptors increases, leading 

to an increase in secretion of PGF. The PGF apparently stimulates more oxytocin release from the CL and this 

. casca:Je continues untU luteolysts ts complete. several factors, including uterine infections, apparently interfere 

with this process and lead to prolonged or irregular estrous cycles. 

Follicular Development 
Follicular development in cattle is a ~namic process that is characterized by continual recruitment of small 

folHcles and oontinual atresia of larger folHcles. At any point in time, the ovaries of the cow contains numerous 
small follicles undergling initial 00\lelopment, a moderate population of medium-sized follicles in various stages of 

develpment, and one or two large follicles referred to as the OOminant follicles. 

It is unknown why inactive primary follicles are recruited to develop. The ovaries of cattle contain thousands 

of these inactive folUcles, and some begin development at regular intervals beginning during fetal development. In 

fact the number of small inactive follicles in the ovaries is highest about midgestation in the fetus and there is a 

contiunal decline in the number of these fo111cles throughout the life of the cow. 

During the estrous cycle, there appear to be three waves of fontcular development, only one of which results 

1n the formation of a 00ffi1nant fo111cle that wm ovulate following the next heat. The first wrwe of fo111cular 
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development begins after estrus and one or two oominent folHcles wm appear near the end of the flrst weak after 
heat. The role of these folHcles is not clear, but they proouce appreciable amounts of estrogen that may be involved 

in transport of gametes. These oominant fo111cles undergo atresta without ovulating. Another wfNe of fo111cles 

appears about mictycle, and estrOJBn secretion from these may be involved in inducing oxytocin receptors on the 

uterus for subsequent luteolysis. We heve demonstroted recently that one of these follicles can be ovuloted if o OON 

ts gtven 5,000-1 0,000 untts of chorionic (J)naootroptn on day 1 0 of a cycle. The last wtNe of fo111cle development 

occurs near the end of a cycle and one oominant follicle from this wave will mature and ovulate following the next 

heat. 

The mechanism whereby oominant follicles suppress the development of other follicles is unknown, but 
dominant follicles have some unique characteristics. For example, the oominant follicles secrete the majority of 

estrogen that is proouced by both ovaries and they bind both LH and FSH tn greater amounts than smaller fo111cles. · 
Apparently local regulatory mechanisms within the ovary give certain follicles an advantage during development so 

that they become the OOminant folHcles and suppress the development less competetive follicles. 

Since fo111cular development is a dynamtc process, 1t is clear that one cannot predict ~urately by palpation 

which follicle will ovulate. In studies which utilized injections of charcoal into the ~troma of developing fo11icles, 

it has been observed that the fo11icle which will ultimately ovulate can only be identified within about 48 hours 

prior to estrus. Thus it is doubtful that palation ~can be used to predict time of estrus and ovulation unless the cow 

is palpated at least once daily. Follicles that are palpated in the presence of a functional corpus luteum are not the 

ones which wm ovulate after estrus. The largest follicle present on the ovaries at the onset of estrus is the one 
which will ovulate in most cases. 

Pred1cUon of the T1me of OVulaUon 

It is now clear that ovulation occurs about 25 to 30 hours after the preovulatory LH surge. It is not possible 

under prldical conditions to determine when LH levels increese in the blood, but the occurrence of the LH surge is 
closely linked to the onset of estrus. This link is caused by the fact thot increasing levels of estrogen that induce 
estrus also induce the LH surge through the positive feedback mechanism. In general the LH surge occurs from a 

few hours before to a few hours after onset of estrus, so the best Wf!o./ to know when the LH surge occurs ts to know 
as accurately as possible when heat begins. Stnce the LH surge is temporally related closely to onset on heat, one 

can use onset of heot to predict time of ovulation. It should be pointed out that the end of estrus is not strongly 

related to the ttme of ovulation because the dUration of estrus varies considerably among cows. There 1s 11ttle 

informotion available on the incidence of delayed ovulation or what might cause delayed ovulation. The data that are 

nvailoble suggest thot deloyed ovulotion ts of minor importance in terms of fertility. 

Sperm Transport 

Recent studies on sperm transport is several species suggest thot some of our old concepts of sperm transport 
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m6Y be incorrect. It now 6J)pears that it takes several hours after insemination for the sperm that wtll ulitmately 

fertilize the ew to reach the ampulla of the oviduct, where fertilization occurs. In those studies, the oviduct was 

ligated at various times after mating to determine how long 1t took for a sufficient number of sperm to reach the 

uterine end of the isthmus of the oviduct, the temporary storfWJS s1te for sperm. In general it tool< 6 to 8 hours for 

sperm to fK:CIJmulate in this site in sufficient numbers to give normal fertility. These findings have practical 

importance tn terms of timing of inseminations. Inseminations should be given about 6 to 12 hours after onset of 

heat for sperm to reach the target site and under~ appropriate changes (capacitation) before being able to 

ferttlize the ew. 

Maternal Recognttion of Pregnancy 

The process whereby the conceptus exerts an effect on the dam to prevent regression of the CL is beginning to 

be understood in cattle. It appears that several mechanisms may be involved. Around day 15 to 16 after mating, 

the conceptus apparently produces proteins which exert local effects within the uterus to reduce the t~mount of PGF 

released by the uterus. These proteins may blrel< oxytrein receptors on the uterine lining and thereby blrel< the 

ability of oxytrein to cause release of PGF. The conceptus may also secrete PGEs that travel to the ovary to 

stimulate pr01}3Sterone secretion by small luteal cells, thus maintaining the function of the CL. As these 

mechanisms become clearer, it might be possible in the future to improve embryo survival by altering some of 

these processes. 
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Minnesota DHI Reproduction Information 

An Integrated Reproductive Management Publication 

The ideal calving interval for maximum productivity is 12 
months. When intervals extend beyond 13 months, 
significant economic loss will occur. By keeping intervals 
below 13.0 months, severe economic loss will probably be 
avoided. Estimates on economic losses for calving intervals 
extending beyond the ideal12 months have ranged from 
$3.00 to $5.50 loss per cow per day. Though definitive 
research is needed to determine more accurate loss figures, 
these estimates portray the economic seriousness of the 
problem. 

The average calving interval for Holstein herds in 
Minnesota during 1984 was 13.0 months. Over 40 percent of 
those herds had calving intervals exceeding 13 months with 
only a very small percentage of herds at the ideal12-month 
level. Obviously there is still considerable room for improved 
reproductive performance among Minnesota dairy farms. 

Herd Summary 
Factors most influencing calving interval are heat detection, 
conception rate, days to first breeding, and culling for 
reproductive failure. These measures of reproductive 
performance are displayed on the DHI Herd Summary (figure 
7). When the reporting of reproduction information by the 
farmer and DHI supervisor has been timely and accurate, 
these values are helpful assessments of reproductive 
performance. 

CULLING RATE 

Culling rate can have a profound influence on calving 
intervals. If culling rates are unusually high, one should 
determine the underlying reason. Reasonably good calving 
intervals can be maintained in the face of considerable 
infertility if cows with reproductive problems are culled. 
Consider cull rate before making assessments of the true 
reproductive performance in a herd. 

The authors are extension dairy specialists. 

Issued in furtherance of cooperative extension work in agriculture and home 
economics, acts of May 8 and june 30, 1914, in cooperation with the U.S. 
Department of Agriculture, Patrick). Borich, Dean and Director of Agricultural 
Extension Service, University of Minnesota, St. Paul, Minnesota 55108. The 
University of Minnesota, including the Agricultural Extension Service, is 
committed to the policy that all persons snail have equal access to its 
programs, facilities, and employment without regard to race, religion, color, 
sex, national origin, handicap, age, or veteran status. 
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HEAT DETECTION INDEX 

The heat detection index is an estimate of the percentage of 
heat cycles observed during the breeding interval. The 
detection index is calculated as follows: 

21 

Average interval 
between breedings 
or recorded heats 

CONCEPTION RATE 

X 100 

The DHI conception rate represents the maximum possible 
conception for cows in the herd. It includes those cows that 
are confirmed pregnant plus those recently bred. The 
calculation is as follows: 

Number of cows pregnant + possibly pregnant x 100 

Total number of services 

The DHI rate is not an index of recent herd reproductive 
performance, but a historical account of the average 
conception rate among all cows bred in the herd. The 
timeliness of the DHI conception rate figure is dependent on 
when pregnancy is recognized. Pregnancy recognition will 
be more timely on a farm where fertility work is routinely 
being done by veterinarians. The conception rate represents 
an estimate of the very best possible conception rate, and is 
likely to be inflated on farms with many problem cows. 

CALVED TO FIRST BREEDING 

The average number of days from calving to first breeding 
has great influence on calving interval. Minnesota DHI 
records indicate that the average days from calving to first 
breeding is 84 days. Yet if a 12-month calving interval is to be 
achieved, the cows must be pregnant 85 days a.fter calving. 
One of the simplest ways to improve calving intervals is to 
make a management decision to begin breeding as soon as 
feasible. 

Understanding the interaction between heat detection, 
conception rate, and days to first breeding is crucial to taking 
steps to improve reproductive management. For example, if 
a dairy farmer expects a 12-month calving interval but has 
only 40 percent heat detection and a 40-percent conception 
rate, he can quickly see how unrealistic the goal is. In order 
to achieve such a goal with that level of performance, 
breeding would have to begin 51 days before the cow calved. 
For this dairy farmer, improved heat detection is essential. 
Table 1 shows the relationship between heat detection, 
conception rate, and days to first breeding and demonstrates 
the impact of reproductive management factors on 
reproductive performance. 



Table 1. Relationship between heat detection, conception rate, 
and days to first breeding ' 

The day breeding must begin to achieve a 12-month 
calving interval at varying heat and conception rate 
performance levels. 

100---

90---
Heat 

Detection 80- 30 45 54 61 
% 

70- 25 39 49 58 

60--- 15 32 43 53 

50- 1 21 35 47 

40--- -51 5 22 37 

40 50 60 70 
Conception Rate % 

"Based on percent heat detection and conception rates, the figures in table 1 
represent the number of days to allow between calving and breeding in order 
to achieve a 12.0 month calving interval. To make the table applicable to 
calving interval goals of 12.5 and 13.0 months, add 15 or 30 days respectively to 
each number in the table. 

The most serious criticism of the Reproductive Herd 
Summary values is that they are historical in nature and may 
not always reflect recent reproductive performance in the 
herd. Therefore, they have not been useful monitors of 
reproductive performance in providing early warning of 
reproductive failure. 

Reproduction Report 
Retrospective study of reproductive performance in 
Minnesota DHI herds reveals that the greatest obstacles to 
achievement of a 12-month calving interval are poor heat 
detection and too great a. delay in days to first breeding. The 
changing of current trends and improved reproductive 
performance will require an increased educational focus on 
these two factors. First, educators and dairy farmers must 
appreciate the relationship between heat detection, 
conception rate, and days to first breeding. Secondly, there 
needs to be a record system that gives both historical and 
current accounting of herd reproductive performance. 

The herd summary will continue to carry the historical 
measures of reproductive performance. The DHI 
Reproduction Report is designed to provide more current 
information, facilitating early identification of problems in 
reproductive performance and enabling timely correction in 
either management deficiencies or reproductive disease. 
Individual problem cows as well as recent herd trends will be 
emphasized. 

The format of the reproductive report is very similar to 
that of the SCC Report. Herd summaries predominate on the 
upper portion of the report while detailed individual cow 
data are listed in the lower portion (figure 6). The report will 
be discussed by section and examples will be given to 
illustrate its usefulness. 

SECTION A. MONTHLY REPRODUCTIVE CYCLES 
Early recognition of reproductive failure or infertility is 
necessary in order to avoid ser.ious losses. The use of routine 
veterinary herd fertility programs will facilitate early 
recognition of clinical reproductive disease (cystic ovaries, 
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metritis, etc.) so that timely treatment will lessen the number 
of days affected cows stand open. Herd specific vaccination 
programs will lessen infertility arid abortions due to 
subclinical. diseases. Early pregnancy diagnosis (prior to 42 
days) will reduce days lost due to presumed pregnancy. 
However, even the most skilled farm managers or veterinary 
teams will be unable to significantly improve reproductive 
performance without the use of good records. Records not 
only serve to monitor the success or failure of veterinary 
procedures, but also define reproductive management 
deficiencies which must be remedied if total success is to 
occur. 

Poor heat detection is the greatest single obstacle to 
successful A. I. programs. Minnesota studies involving large 
numbers of cows show that detection of heat is more of a 
management problem than a cow problem. Ninety percent of 
all cows thought to be anestrus (not showing heat) were 
cycling normally. Only 10 percent of supposedly anestrus 
cows were actually not cycling as a result of some 
pathological problem. 

Well fed and healthy cows will normally begin to cycle by 
approximately 20 days postpartum (after calving). Not all of 
these early ovulations are accompanied by strong heat signs. 
However, by 60 days postpartum, nearly 100 percent of 
normal cows are cycling and expressing normal heat signs. 
Whether or not these cows are observed in heat depends on 
the intensity of the heat detection effort. This fact is clearly 
verified in a summary of three studies found in table 2. 

Table 2. Percentage of normal cows detected in heat at first, 
second, and third ovulation when maintained under 
different systems of observation 

Ovulation 

Observation First Second Third 
~~m ~d¥)~d¥)~d¥) 

(1) Continuous 24 hr. observation 
(A) King, et al. 50% 84% 100% 
(B) Williamson, et al. 100% 

(2) Casual (herdsman) 
(A) King, et al. 20% 44% 64% 
(B) Williamson, et al. 56% 
(C) Morrow, et al. 23% 46% 64% 

In the summary of Monthly Reproductive Cycles (figure 
1), the number of heats is calculated from estimates given for 
each month. This figure represents the number of heats 
•theoretically possible beginning with the first reported heat 
date or on day 60 postpartum if no heat date is reported prior 
to 60 days. Reported heats are those heats where the cow is 
observed and recorded in heat or is in heat and also bred. 
Reported heats divided by the estimated number of 
theoretical heats times 100 will give the percentage of cows 
detected in heat. The DHI Reproduction Report will allow 
monthly monitoring of heat detection efforts. For example, 
the John Dairyman herd (figure 1) had 100 percent heat 
detection in November and 50 percent in December. 

This herd's average heat detection index was 62 percent. 
The present average heat detection performance among DHI 
herds is a dismal44 percent. In general, the heat detection 
performance is better on the high producing herds (table 3) 
although improvement could be made on these farms as 
well. · 

Good heat detection is a function of a complete 
awareness of the physical and behavioral signs of heat and 
the time spent looking for cows in heat. A recommended 
reference is Detection of Heat in Dairy Cows, extension 



Figure 1 

MONTHS l JULl AUGl SEPl OCTl NOVl DECl JANl FEBl MARl APRl MAYl JUNl JULl 
MONTHLY REPRODUCTIVE CYCLES 

Est Num Heats 6 4 4 8 
Reported Heats 4 2 3 6 
Num Breedings 3 1 2 5 
Num Conceived 2 1 1 ~ 

Table 3. 1984 Heat Detection Performance on Holstein DHI 
Herds in Minnesota at Various Levels of Performance 

Rolling Herd Averages by Thousand 
lbsMilk 

11-12 14-15 17-18 20+ 

Number of herds 
Cows per herd 
Heat detection index 

394 
46 
38 

1,095 
50 
44 

565 
53 
50 

73 
52 
53 

publication AG-F0-2018. Since a cow standing firmly while 
another cow mounts (standing heat) is the most reliable sign 
of heat, success in heat detection is dependent on cows 
being able to interact. Table 4 nicely demonstrates the 
relationship between the number of daily observations and 
the percentage of cows detected in heat. If you are observing 
cows only once per day for 20 to 30 minutes, you are missing 
half of the cows in heat. An excellent heat detection goal 
under Minnesota dairying conditions would be 80 percent. 
Monthly reminders of heat detection performance will help 
dairy farmers improve productive performance. 

Table 4. Relative Efficiency of Heat Detection Schemes ' 

Heat Detection Scheme 
%Correctly Found 

in Heat 

Continuous 24 hr observation 98-100% 
Observed three times daily 90% 
Observed two times daily 80% 
Observed once daily 50% 

'These figures assume that cattle being observed for heat are 
allowed to freely interact. 

Also listed in the Monthly Reproductive Cycles chart 
(figure 1) is a monthly compilation of the number of cycling 
cows detected in heat and bred as well as the number of 
cows that became pregnant as a result of those breedings. 
This enables easy calculation of conception rates on a 
monthly basis. The information is useful, but must be 
interpreted with caution. The average expected conception 
rate under normal conditions would be 60 to 65 percent, 
reflecting good reproductive performance. Conception rates 
calculated on a monthly basis in a small herd are likely to vary 
considerably. For example, the conception rate for one 
month might be as high as 80 to 100 percent. If such a high 
rate does occur, one must realize that this level of 
performance should not be routinely expected. This is a 
statistical phenomenon quite similar to the situation in which 
a farmer got 80 percent heifer calves in one particular calving 
season. Over the long run, we know that the average would 
be closer to 50 percent heifers. Likewise, the average 
expected conception rate under good conditions would be 
60 to 65 percent. However, we should expect a somewhat 
higher conception rate in heifers than older cows. We also 
know that some bulls are more fertile than others. 

6 
6 
6 
2 
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8 7 11 10 23 11 9 1 
4 5 _8 _8_ 20 _9_ 7 0 

A_ 4 7 5 1_8_ 6 5 0 
~ 1 5 2 _9_ 4 0 0 

When the conception rate drops below 50 percent in any 
month as was the case in the john Dairyman herd in 
November, january, and March, we ought to try to determine 
why. If the cows bred during that month were older cows or 
were cows that had experienced postpartum uterine 
disorders such as retained placentas or metritis, these lower 
conception rates would not be surprising. Or perhaps high 
ambient temperature and humidity had a detrimental 
influence on conception rate or early embryonic death in 
May and june. In Arizona dairies, for example, conception 
rate is reduced to as low as 10 to 20 percent during the hot 
summer months. But if monthly conception rates are low and 
cannot be easily explained, then other things must be 
considered. The timing of A. I., A. I. technique, poor quality 
semen or faulty semen handling should be considered as 
possible explanations. Nutritional factors may also need 
attention. 

If no management or physiological factors can be found, 
one can be content that the low conception rate is a statistical 
phenomenon similar to the case of the farmer who got 80 
percent heifer calves. Though such concerns may arise on 
occasion with this type of reporting system, there should be 
sufficient warning to allow for early action. 

SECTION B. MONTHLY CALVING PATTERN 
Figure 2 provides a historical account of the numbers of cows 
and heifers that have calved over the past 13 months as well 
as the anticipated number of cows and heifers expected to 
calve during the next six months. 

Calving patterns may be helpful in managing labor or in 
anticipating or adjusting milk flow. The planning of calving 
management as well as heifer breeding and labor will be 
aided by the recording of monthly calving patterns. 

SECTION C. LIST OF PROBLEM COWS 
The problem cow list is an effective means of focusing 
attention on those individuals in the herd that are most 
hindering reproductive performance. Note cows Vanesa and 
Elsie (figure 3) in the john Dairyman example herd. This list 
consists of heifers or cows in the herd that have been open 
more than 120 days and are not confirmed pregnant or that 
began a lactation by abortion or premature calving. These 
cows are listed in calving order so that those of greatest 
concern are listed first. Those listed with an asterisk next to 
the number are problem cows that are bred but not 
confirmed pregnant. The problem list helps indicate the 
extent of the reproductive problem. In comparing two herds, 
each with 13.5 month calving intervals, one would be more 
concerned about reproductive management when the list of 
problem cows is numerous compared to the herd with one or 
two cows with excessively long calving intervals. 

It is important to be able to get an assessment of a cow's 
performance at a glance. Graphic presentations of herd 
summary data often are the most effective means of calling 
attention to both strengths and weaknesses in reproductive 
management. 



Figure 2 

MONTHS I JULI AuG! SEPI ocri.Novl DEc I JAN! FEB! MARl APRIMAYI JuNI JuLI 
MONTHLY CALVING PATTERN 

Cows Calved Last I 3 2 4 
Heifers Calved Last 3 I 2 3 
Cows To Cahte I 3 4 3 
Heifers To Calve 

Figure 3 

LIST OF PROBLEM COWS 

BARN DAYS BARN DAYS BARN DAYS 
NAME OPEN NAME OPEN NAME OPEN 

VANESA*l75 
ELSIE *169 

Construction of a Q Sum Graph (figure 4) is a simple 
method of keeping abreast of-recent herd reproductive 
performance trends. This graph can be used to supplement 
DHI reproductive records. The success or failure of 
successive breedings are charted on graph paper by 
beginning at an arbitrary reference point. With each 
diagnosed pregnancy, a circle is drawn in a square to the 
right and up. A pregnancy failure is indicated by an X marked 
to the right and one square down. Such a graph is 
demonstrated in figure 4. 

SECTION D. REPRODUCTIVE ACTIVITY CHART 
Failure trends are quickly noticed when Q sum graphs are 
used, allowing correction of problems before a disaster 
occurs. This particular graph (figure 4) was constructed in 
retrospect in an attempt to solve reproductive problems on 
one dairy farm. The dairyman had begun doing his own A. E. 
sometime in March and had serious A. E. technique problems 
which did not get resolved until June. Conception rates 
between 3/10 and 5/12 were 20 percent and from 5/12 to 6/19 
were 10 percent. Conception rates after June 19th were 
improving at 37 percent. It appears that conception rate 
trends during July indicate normal expected performance. 
Had performance been monitored with the Q sum graph, the 
problem may have been discoveredand corrected sooner. 

Q sum graphs can be adapted readilyto microcomputer 
technology but are awkward when the printout is confined to 
a small space. The Reproductive Activity chart (figure 5) 
found on the upper right hand corner of the DH I 
Reproduction Report is meant to be used in a manner similar 
to Q sum graphs. The Reproductive Activity chart consists of 
ten columns with ten squares per column. 

Each column represents ten percent of the theoretically 
estimated heats in the herd during the past six months. The 
beginning date is printed to the left of the arrow found in the 
top of the chart. In the column on the left side (figure 5) the H 
indicates that seven out of ten heats were observed and 
recorded six months ago. Heat detection was improved 
slightly during the past six months; the columns on the right 
side of the chart indicate that currently the dairyman is 
detecting eight out of ten heats. The letter B indicates the 
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Figure 4. Q Sum Graph 

I 
3/10 

5/25 = 20% CR I 
5/12 

0 0 
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0 = Successful Service 

X = Unsuccessful Service 

21 o I 11 ol 
ol ol ol __aj 

2/20 = 10% CR 7/19 = 37% 

6/19 

number of cows not only observed but bred out of ten 
theoretical heats. The letter C indicates the number of cows 
that conceived. Cs only appear in the left hand side of the 
graph because we are not sure which breedings were 
successful for cows bred more recently. 

Figure 5 REPRODUCTIVE ACTIVITY 

I-03-84 
10 

9 H 
8 H H H H H 
1 H B H H 
6. B B B B B B 
5 B B B 
4 c 
3 c c 
2 c c 

Reproductive activity charts enable you to spot poor 
reproduction performance early enough to get corrective 
measures in place before the entire herd is in trouble. In the 
above example, heat detection has gone from about 70 
percent to 80 percent during the past six months indicating 
heat detection is not a problem in this herd. Recently (the 
right side of chart) about five out of eight cows observed in 
heat were being bred. Note that in the first two columns 
conception rate was acceptable (50 to 55 percent) but that 
conception rate declined more recently. The management 
factors affecting conception rate should be reviewed by the 
herd owner. 
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As was pointed out in the example of the herd plotted on 
the Q Sum Graph, dairy farmers beginning their own A. I. 
should carefully monitor their results. Rapid decline in 
conception rate should be a warning that A. I. technique or 
semen handling may not be correct. It is hoped that this chart 
will be helpful to both farmers and those with whom they 
consult on reproductive matters in assessing the herd's 
reproductive performance at a glance. 

SECTION E. INDIVIDUAL COW DATA 

Individual cow data (figure 6) on the DHI Reproductive 
Report has considerably more reproduction information than 
offered before. Though most of that information is 
self-explanatory, it may be of value to highlight how some of 
this information may be used, particularly to improve 
reproductive performance. 

Assuming all heats observed are being recorded by the 
farmer and also are being accurately transferred to the DH I 
barn sheet by the DH I supervisor, a study of the days to first 
heat can be revealing. Even more revealing would be a 
calculation of the average days to first heat on a herd basis. 
One hundred percent of normal cows will show standing 
heat by 60 days postpartum (table 5). 

Table 5. Standing Estrus at First Heat PostPartum 

Postpartum Type of Estrus 
days Non-standing% Standing% 

1~ M% ~% 
21-40 15% 85% 
41-60 11% 89% 

61 0% 100% 

Lauderdale, 1974 

The percentage of cows seen in heat by 60 days post 
partum is an excellent reflection of either the herd's 
reproductive health or the heat detection efficiency 
(Reproduction Summary, figure 7). For example, in a high 
producing herd, you may find that the percentage of cows 
showing heat is acceptable, but the farmer is complaining 
that the cows are not showing heat well at the time he would 
like to begin breeding (60 to 70 days postpartum). It could be 
that heat detection in this herd is adequate but there is a 
need for adjustment in early lactation feeding to maximize 
DM intake, thus minimizing a negative energy balance with 
its subsequent depression of heat signs. 

As previously cited, 90 percent of all cows not seen in heat 
are cycling normally but are not being observed. The missed 
heats column (figure 6) emphasizes this fact. In a few cases 
where there is reproductive pathology (cystic ovaries, etc.) or 
stress-related reproductive inactivity, cows will be listed as 
having been missed in heat when this may not be true. For 
example, it is not uncommon to find first calf heifers with 
completely inactive ovaries due to the stresses resulting from 
adjustment to stall barn living or to the lactation ration, 

6 

recuperation from a difficult calving, or needing nutrients to 
continue growth. In such cases, rectal examination of the 
cow or heifer by a veterinarian will determine if the cow is 
truly anestrus or being missed because of poor heat 
detection. 

Repeat breeders are defined as those cows that are 
cycling normally and are showing normal signs of heat, but 
have not become pregnant after being bred three times. 
Repeat breeder cows are common among Minnesota dairy 
herds. Normal incidence is 10 to 15 percent. The column 
labeled "Times" under the "Last Breeding or Heat" column 
can be used to identify repeat breeder problems which tend 
to occur in older, high-producing cows. It is common for a 
cow to habitually have repeat breeder problems year after 
year. These studies also showed that there is an increase in 
repeat breeder cows as herd size increases. 

The most common cause of repeat breeders is faulty heat 
detection. Hormone tests of milk samples collected at the 
time of insemination show that nearly 20 percent of cows 
bred were not even in heat. The timing of insemination 
should be based on standing heat, that is, a cow standing 
firm with all four legs braced while mounted by another cow. 
For best A. I. results, cows should be inseminated based on 
non-standing signs of heat such as mounting other cows, 
hyperactivity, mucus discharge, or a swollen vulva. This leads 
to poor timing of A.l. and many repeat breeders. Consider 
these factors when the incidence of repeat breeders is 
greater than 10 percent. 

The future of any herd is determined by the quality of the 
bull used. For many years, the DHI Herd Summary has been 
printing the average PO$ service sires being used in the herd. 
This information has been an excellent monitor of the 
general breeding policy in the herd. The new DHI 
Reproduction Report will report PD$ of service sires on the 
last breeding of every cow. This will add greater depth to the 
DHI genetic information. 

Pregnancy diagnosis is an important part of the herd 
fertility program. Equally important is the determination that 
a cow previously bred and thought pregnant is open. The 
discovery of an open cow42 days after breeding or sooner is 
important to minimizing days open. In a herd on a monthly 
veterinary reproductive health program, the range of days 
from breeding to the pregnancy exam should be a maximum 
of 35 to 70 days. The exam of most value is that one prior to 42 
days post breeding so that timely treatment or more intensive 
observation for heat can prevent undue loss of time. 
Examinations of cows for pregnancy beyond two months post 
breeding will not be as effective in helping maintain low 
calving intervals. 

The last four columns, "Days in Milk," "Production 
Index," "Peak Milk" and "Sample Day Milk (Actual) 
(Expected)," are useful as culling aids. 

The DHI Reproduction Form contributes to a better 
understanding of dairy farm reproduction. As time goes on, 
we are certain that DHI reproduction information will 
become vital to the management success of every Minnesota 
dairy farm. 



lllHN DAIRYMAN 101 HAECKER HALL 
( HERD CODE ) ( MAIL DATE ~ v- '4 y _ MINNESOTA 
41-00-0033 7-10-84 DAIRY HERD IMPROVEMENT 

DHI 230 11/82 

ST PAUl MN 55108 

REPRODUCTION 
MONTHS I JULI AUGI SEPI ocrl Nov I DEc I JANI FEB I MARl APR I MAY I JUNI JULI LIST OF PROBLEM COWS 

MONTHLY REPRODUCTIVE CYCLES BARN DAYS BARN DAYS BARN DAYS 

Est Num Heats 6 4 4 8 6 8 7 11 l_O 23 11 9 1 NAME OPEN NAME OPEN NAME OPEN 

Reported Heats 4 2 3 6 6 4 5 8 R 20 q 7 _Q_ VANESA*115 
Nur:n Breedings 3 1 2 5 6 4 4 7 5 18 6 5 D ELSIE *169 
Num Conceived 2 1 1 3 2 :'l 1 5 ? q 4 n n 

MONTHLY CALVING PATTERN 

Cows Calved Last 1 3 2 4 3 3 41 21 11 21 ol 11 ol 
Heifers Calved Lest 3 1 2 3 2 2 11 ::!I ol ol nl nl ol 
Cows To Calve 1 3 4 3 6 3 
Heifers To Calve 

COW'S SIRE DAYS LAST BREEDING OR HEAT ! ~~~g DAYS 
C~r.tPUTER DATE L.ACT TO DAYS HUM BARN DATE DUE 
NUMBER .. EATS SERVICE SIRE TO IN 

CALVED HUM 1ST OPEN MISSED DATE NAME TO DAY DATE 
PG MILK 

ID PO$ HEAT . ID PO$ EXAM 

0069 APACHE -1 10-07-83 2 70 70 0 1 1l-16-83 3H672 8Z APACHE 8-02-84 56 9-21-84 Z10 
0077 17H365, 61 3-03-84 z 25 94 0 z 6-0.5-84 11H2143 1 CB POSS PG 1l2 
0049 29Hl417 5l 1-05-84 4 51 94 1 1 4-08-84 9H599 131 CRISCO 11-24-84 54 1-13-85 180 
0070 FORD 95 10-27-83 z 117 1 3 l-l1-84 17H387 94 DEANNA 10-08-84 36 11-27-84 l50 
0043 1l-01-83 4 74 74 1 1 2-13-84 l3Hl17 66 EFFIE 9-3(}-84 44 11-19-84 l15 
004l 1-11-84 4 41 169 3 2 6-lB-84 11H1660 43* ElSIE POSS PG 174 
0033 l9Hl879 41 12-26-83 5 60 100 1 1 4-04-84 17H390 117 GYPSY 11-l0-84 35 1-09-85 190 
0061 KNIGHT 49 8-l7-83 3 59 79 0 z 11-14-83 7H1115 57 HOLLY 7-01-84 33 8-2(}-84 311 
0062 ART 52 1-23-84 3 48 89 1 1 4--21-84 40Hl455 -32 IRIS 1l-C7-84 41 1-26-85 16l 
0056 STAR WAR 10-0l-83 3 91 114 2 z 1-24-84 11H1660 43* JILL 9-10-84 49 1(}-3(}-84 l75 
0060 KNIGHT 49 12-ll-83 3 65 99 0 1 3-30-84 11Hll38 -z• KIM 11-15-84 40 1-04-85 194 
0078 17Hl48 -16 l-05-84 z 31 70 0 1 4-15-84 17H387 94 LORI 1l-01-84 47 1-l0-85 149 
0076 40Hl65l -50 3-l5-84 z 38 100 z H 5-02-84 MAMIE OPEN 100 
0040 l9Hl434 75 2-02-84 4 30 72 0 1 4-14-84 40H2573 64 MANDY 11-3(}-84 48 1-19-85 152 
0083 SICKEN 64 7-22-83 1 MARlO ***** DO NOT BREED ** 347 
0080 WIZARD zo 6-29-83 1 59 117 1 3 lG-24--83 11H1660 43* MEGAN DRY 54 7-3(}-84 
0081 BUTTERD 119 6-15-84 2 14 18 ·H 6-29-84 MIKKI 18 
0064 BOQUET 45 4-1(}-84 3 74 74 1 1 6-l3-84 11H1b36 56* MOLLY POSS PG 84 
008Z BUTTERD 119 7-11-83 1 12 93 1 2 1Q-1l-83 7Hlll5 57 MONA DRY 44 7-18-84 
0059 ERIC 34 11-19-83 3 6l 84 0 z l-11-84 17H387 94 NICKY 9-l8-84 46 11-17~84 ZZ7 
0065 KNIGHT 49 4--l2-84 3 47 72 H 6-29-84 PLUTO OPEN 7Z 
0073 BUT ERDA 119 1-l4-84 z 67 112 1 z 5-15-84 17H390 117 RITA POSS PG 161 
0058 GERRI 75 8-06-83 3 77 77 1 1 10-22-83 21H380 93 SALLY DRY 56 7-l8-84 
0084 CITAMAT -48 9-17-83 1 49 49 0 1 11-05-83 11Hl13l 91 SNOW DRY 4l 8-11-84 
0001 l9H19Z8 -44 9-2(}-83 7 114 158 4 z 2-25-84 11Hl660 43* UNA 10-12-84 3l 12-01-84 l87 
0087 7H401 100 11-29-83 1 55 175 1 4 5-22-:84 11H1636 56* VANES A POSS PG 211 
0091 3H67Z 82 2-01-84 1 l4 70 0 1 4-11-84 10H6031 74* VELMA ll-l7-84 54 1-16-85 153 
0054 29H2434 75 11-03-83 3 54 54 0 1 1l-Z7-83 11H0466 77 VENUS 8-13-84 45 1(}-02-84 l43 
0086 40Hl328 zo 1(}-ll-83 1 65 65 0 1 12-25-83 17H387 94 VERA 8-11-84 47 9-30-84 l56 
0085 l1Hl80 95 10-l6-83 1 79 141 2 3 3-15-84 11H1l73 87 VIENNA 10-31-84 55 12-20-84 l51 
0090 40Hl652 -so 1-06-84 1 51 94 0 1 4-09-84 40Hl455 -3Z VIOLET 11-25-84 53 1-14--85 179 
0092 l9Hl581 -51 2-08-84 1 39 81 0 z 4-l9-~4 10H6466 71 VISTA 1l-15-84 33 2-03-85 146 
0088 40Hl652 1l-01-83 1 2-0l-84 11-08-84 215 -50 1 63 63 0 11H0466 77 ·VIXEN 9-19-84 
0089 17H355 -19 12-l5-83 1 63 103 0 z 4-06-84 9H599 137 VONNIE ll-2l-84 56 1-11-85 191 
0094 7H2l94 31 l-l7-84 1 37 80 0 1 5-17-84 l9H3303 56 VYRNA POSS PG ll1 

*"'*** 

"T'' 

a or c;· 
c (SAMPLE DATE ~ ... 

7-ol-84 1 I'll 
REPRODUCTIVE ACTIVITY a-

1-03-84 
10 

H 
H H H H H 

7 H B H H 
6 B B B B B B 

B B B 
4 c 
3 c c 

c c 

SAMPLE DAY 
PROD PEAK MILK REMARKS 
INDEX MILK 

ACTUAL. E:KPt!:CT 

96 11 21 l4 
103 71 60 56 
108 103 70 67 
107 74 44 48 
lOl 89 63 51 
118 99 1Z 75 

99 97 59 64 
108 75 22 l9 

93 76 55 53 
108 85 48 52 
1ZO 93 61 59 

98 74 55 56 
105 79 63 56 
103 90 68 73 

95 51 40 38 

75 75 
98 91 77 8Z 

115 95 60 61 
93 85 69 79 

120 87 63 68 

ll3 101 49 58 
103 60 47 56 
117 78 60 61 
104 83 49 45 
111 68 47 53 
103 60 41 44 

91 64 41 40 
75 4l 

v 
33 37 

73 46 3l 34 
78 45 37 37 
74 44 37 42 



OPTIONS 

ACTION ll ST S 
sec 

CHI 202 
1·84 

JOHN OAIRVMAN 
1b 1 HAECKER HALL 
Sl PAUL 
MN 55108 

PRODUCTION, INCOME 
AND 

FEED COST SUMMARY 

SAMPLE 
DHI ROLLING 

HEAD AVG 

DESCRIPTION DAY AVG 
PEA COW 12 TESTS 

NUMBER COWS 
35 34.8 

%COWS IN MILK 89 87 

MILK LBS 
46.2 17211 

%FAT 
3.77 3. 75 

FAT LBS 
1.74 645 

%PROTEIN 
~ '"~ '!,13 

PROTEIN LBS 
1.49 539 

TOTAL OM PER CWT BW 
3.0 2.8 

FORAGE DM PER CWT BW 
2 .. 0 1 .6 

ENERGY INDEX 
96 96 

PROTEIN INDEX 
121 102 

MILK PER LB GRAIN DM 
3.3 3.0 

VALUE OF PRODUCT$ 
5.<;9 2113 

TOTAL FEED COST$ 
2.55 895 

INCOME OVER FEED COST$ 
3.44 1218 

FEED COST PER CWTMILK$ 
5.52 5.20 

MILK PRICE PER CWT $ 
12.97 12.27 

MINNESOTA 
DAIRY HERD IMPROVEMENT 

AGRICULTURAL EXTENSION SERVICE 

UNIVERSITY OF MINNESOTA 

/·~~:~:, 
EXTEN.SION DAIRYMAN 

( LAST MAIL) ~ REP~ A; 1 
~ 06-09~ 

SAMPLE DATE LAB 

07-02-84 4.90 
NUMIIER COWS MN DHIA 

HERD SUMMARY 35 17.23 

a~~~ ~YG~s;~~T T<n"AL 

22.13 

MANAGEMENT INFORMATION 

SAMPLE DAY FEED AVG LIIS PCT NET CRUDE COST 

CONS\.NED DM ENERGY ROTEIN $/TON 

SUMMARY OF COWS NOW IN HERD 

LACT NUMBER STANDARIZED ME AVERAGE %IDENTIFIED 

HAY - - - - - - 10 7l 45 13 60 NO cows MILK $VALUE INDEX AGE SIRE DAM 

PASTURE - - - - 96 20 45 13 15 1ST 13 17000 2108 93 2-02 100 100 
GRAIN I NO IV FED 15 88 78 16 182 OTHER 22 19145 23H 106. 4-08 91 91 
PROTEIN SUPP - 1 88 18 37 330 ALL 35 18341 2215 101 3-0'J 94 <J4 

COWS Ml LKING ON SAMPLE DAY YEARLY SUMMARY 

CURRENT SCC EVALUATION LACTNO NO CONS PEAK MILK LACT 
cows cows 

ENTERING HE ltD LE.-vrNG HERD 

LACT NUMBER PERCENT COWS BY LINEAR SCORE 1ST 10 56 NO NUMBER % NUMBER % 
NO cows 0, 1. 2 3, 4 5, 6 7,1!, 9 OTHER 21 86 1ST 14 40 ~ 'J 

1ST 10 60 30 10 0 ALL 31 76 OTHER 0 6 l1 
OTHER 21 57 19 14 10 PEAK RATIO I 1ST' OTHER) ALL 1ft 40 9 26 

ALL 31 58 23 13 6 .65 

REPRODUCTIVE SUMMARY 

AVERAGE SIRE PREDICTED DIFFERENCE 

SIRE NUMBER MILK DOLLAR 

SERVICE SIRE ':11 -.;su: 66. 

DAYS DAYS DAYS SERVICES NO COWS .. NIMUM 

NUMBER SINCE TO 1ST TO 1ST DAYS PER EX~~Ec CALVING 

cows CALVING HEAT BREEDING OPEN """""""' 
INTERVAL 

INTERVAL MONTHS 

1ST LACT 13 37 6 PREGNANT 
OTHER LACT 19 -46 21 cows 25 234 6(1 76 89 1. 5 1 12.1 

POSSIBLY 
PREGNANT 1 84 7~ 14 74 1.0 11.6 

DAILY HERD TOTALS COWS DRY BEFORE CALVING PROBLEM 

DHI MILK % 
MILK SOLD SOLD 

NO 
DA~~ < .. ... ,. >" 

cows DAYS DAYS DAYS 

cows 5 160 4~ 67 126 2.2 2 13.3 
MAX CONCEPTION RATE: EAT DE1ECTION ... DEle COWS IN HEAT BY eo DAYS REPEAT BREEDERS 

62l 151 551 1U 
1618 1612 100 21 61 0 16 5 

SAMPLE DAY PRODUCTION 
DHI ROLLING HERD AVERAGE 

ENTIRE HERD 

SAMPLE DATE TOTAL % MILKING COWS ONLY % % PRO cows IN MILK 
MILK FAT FAT PRO AVGDIM MILK %FAT %PRO sec 

7-02-84 35 89 191 52 3.8 3.2 17217 3.~ 645 3.1 539 
6-03-84 35 94 180 61 3.5 3.3 17193 3.~ 645 3.1 539 
5-01-84 36 97 150 57 4.0 3.1 16996 3.~ 6.38 
4-02-84 37 92 133 57 3.8 3.1 17081 3.8 641 
3-03-84 37 84 113 65 3.7 3.0 17307 3.8 653 
2-02-84 36 81 118 63 3.8 3.1 17566 3.8 666 
1-03-84 34 76 124 60 3.8 3.1 1791S 3.E 682 

12-01-83 36 72 146 54 3.9 3.1 18200 3.E 695 
11-04-83 35 86 173 48 3.9 3.2 18296 3 • .E 698 
10-04-83 34 79 194 43 4.0 3.2 18390 3.~ 699 
9-05-83 33 88 194 45 3.6 3.3 18552 3 • .E 707 
8-02-83 33 85 188 44 3.7 3.1 18575 3.1l 709 
6-28-83 29 93 197 54 3.7 3.3 18632 J.e 709 



1985 MINNESOTA DHI SCORECARD 

MINNESOTA HOLSTEIN HERD AVERAGES, LBS. MILK 
MANAGEMENT FACTOR <10,000 12-13,000 14-15,000 16-17,000 18-19,000 

MILK, LBS. 

AVG. PEAK (SUMMIT), LBS. 
1st Lactation 

Other Cows 

1. MASTITIS, % SCC POS. -

2. NUTRITION 
a. Lbs. Milk/Lb. Grain DM 

9,119 

39 

51 

52 

2.1 
b. Grain, Lbs. (avg= milk ) 4,254 

(milk7lb. gra1n) 
3. RECORDS UTILIZATION 

Sire ID, 1st Lactation, % 

4. REPRODUCTION 
a. % Dry Over 70 Days 

(no. >70d/total) 

b. Heat Detection Index 
c. Avg. Days, 1st Breeding 

d. Conception Rate * 
e. Days Open 

5. GENETICS, PD$ 
Service Sire 

1st Lactation 

6. CULLING 
% Cows Culled, entire herd 

43 

50 

34 
93 

56 
164 

74 

13 

28 

12,545 

48 

62 

38 

2.5 

4,983 

44 

36 

40 
83 

57 
138 

81 

17 

32 

14,519 

53 

70 

32 

2.7 

5, 294 

61 

28 

45 
84 

59 
128 

84 

26 

32 

16,478 

58 

77 

27 

2.9 

5,704 

77 

24 

48 
82 

59 
122 

88 

31 

34 

18,457 

63 

85 

22 

3.0 

6,109 

89 

18 

51 
82 

61 
117 

93 

39 

35 

< Problem Area-------------- Goal 

>20,000 

20,816 

71 

96 

19 

3.1 

6,653 

90 

16 

53 
85 

62 
119 

97 

51 

39 

> 

YOUR 
HERD 

*This line of data not representative of that actually obtained by herds in the respective milk production groups. 



DHI YARDSTICK 

Holstein Rolling Herd Averages, December 1985 (by thousand lbs milk) 

No. of herds 
Cows per herd 
% Cows in milk 
Milk lbs 
% Fat 
Fat 1 bs 

All Feeds 100% OM 

* Grain lbs 
Forage DM/cwt BW 
Energy index 
Protein index 
Milk/lb grain OM 
Value of product$ 
Total feed cost $ 
Income over feed cost $ 
Feed cost/cwt milk $ 
Milk price/cwt $ 
% sec positive 

Average Sire PO 

* Avg. PO$, service sire 
Avg. PD$, 1st ·lactation 
Avg. PD$, other cows 

1st Lactation vs Other Cows 

% Of herd, 1st lactation 
Avg. production index, 1st lactation 
Avg. production index, other cows 
Avg. age, 1st lactation 
Avg. age, other cows 

* % Sire ID, 1st lactation 
* % Sire ID, other cows 
* Avg. peak lbs, 1st lact. (Holsteins) 
* Avg. peak lbs, other cows (Holsteins) 
* % Leaving herd, 1st lactation 
* % Leaving herd, other cows 
Days Dry Before Calving 

Avg. days dry 
* % Dry less than 40 days 
* % Dry more than 70 days 

Pregnant Cows 

* Min. calving months interval 
Avg. days to 1st breeding 
Avg. days open 
Concepti on rate 

* Heat detection index 

11-12 

198 
45 
84 

11589 
3.7 

431 

4972 
1.9 

119 
141 

2.3 
1407 

647 
760 

5.58 
12.14 
45 

76 
15 

-18 

28 
103 
103 

28 
61 
43 
37 
46 
59 
7 

25 

72 
15 
38 

14.0 
88 

147 
62 
40 

14-15 

935 
49 
86 

14519 
3.7 

536 

5294 
1.9 

109 
126 

2.7 
1776 

683 
1093 

4.70 
12.23 
32 

84 
26 
-5 

33 
101 
104 

28 
59 
61 
52 
53 
70 
8 

24 

65 
13 
28 

13.4 
84 

128 
59 
45 

17-18 

753 
56 
88 

17460 
3.6 

633 

5974 
1.9 

107 
121 

2.9 
2145 

750 
1395 

4.30 
12.29 
25 

91 
32 

4 

36 
100 
104 
28 
58 
86 
81 
61 
81 
10 
25 

61 
9 

20 

13.0 
82 

118 
57 
50 

>20 

139 
53 
88 

20816 
3.6 

747 

6653 
1.9 

101 
115 

3.1 
2558 
806 

1752 
3.87 

12.29 
19 

97 
51 
24 

37 
101 
104 
28 
59 
90 
87 
71 
96 
13 
26 

58 
11 
16 

13.1 
85 

119 
56 
53 

* Note: Highlighted variables are related to production level. Individual herds may 
deviate drastically from averages on any variable indicating management differences. 
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This paper is not designed to delve into the scientific 

aspects ot coccidiosis, but rather to make observations and even 

speculations about the disease. I might even add that there are 

some questions asked that experienced veterinarians may be able 

to shed some light on or start researchers thinking. 

Coccidiosis is a diseqse caused by a single celled parasite 

of the Eimeria genus. It is primarily a ptobiem seen in 

neonates and related to filth. The similarity of disease 

between species is similar and I would like to do som~ 

com~arisons to qid in understanding prevention and control of 

the disease. 

Much that we see in the disease relates to its life cycle. 

The disease starte by injesting a sporulated oocyst. T~ese 

invade intestina~ mucosal cells and undergo an asexual phase of 

reproduction called schizogony. After a few days, the next 

ph~se of reproduction is sexual called gametogony. This is the 

time the scouring is reported to take place; around 17 days in 

c~ttle. The oocyst then passes in the stools and under the 

right conditions of warm, moist weather spor~late to restart the 

cycle. 

Diagnosis is fairly easy. Run feca~ floatationql Necropsy 

and histopath are also diagnostic, but if they do get to that 

point, the coccidia sho~ld be quite apparent in terminal small 

intestinal contents and readily seen on floatation. The disease 

must also be differentiated from other scours in calves. These 

include: E· coli, Salmonella, Rota, Corona, and BVO as well as 

Cryptospor idi urn. 

The epidemiology of the disease ~s the most interesting 

aspect of the disease and where we can make some of our 

comparisons to other species of animals to aid in prevention and 

control. The first item to consider is exposure. The 

sporulated oocysts are tough, sticky little buggers, Washing 
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and scrubbing with disinfectants will help but cannot eliminate 

the coccidia. The only means to kill them is high 

concentrations of ammonia which cannot safely be done. The next 

means to reduce exposure is a physical barrier. An idea stolen 

from swine producers is to paint over the contaminated walls. 

The floor must initially be clean and a good layer of straw is 

usually adequate to reduce exposure. 

The disease is also self limiting. This means that 

severity depenqs on how many coccidia are injested. If the 

animal is removed from the contaminated enviro~ent, the disease 

should con~inue to finish its course and problems subside. 

Considering immunity, I would like to think chicken. There 

is definitely an immune response made to coccidia. Wh~n raisimg 

layers, the poultry producer gener~lly puts them on arnproliu~. 

As adults, they usually go into cages and are essentially never 

exposed to coccidia. If they could potentially end up 

~cratching around a farm yard, the raiser does not use 

arnproliurn. Instead another product such as nitrofurazone is 

used. This allows the birds to contract a limited amount of 

coccidiosis and produce an immune response. Thus as they move 

on to farm yards with greater risk, the immunity is alrea¢y 

~resent. 

I'm sure some of the calves in our area are treated 

similarly. When coccidia is a problem, the farmers sometimes 
get overzealous with arnproliurn (Co~idR). This can be 

frustrating when calves are turned in to growing pens and in a 
short time succumb to coccidiosis. This is probably the same 

problem that feedlot calves have corning off clean, dry pasture 

~nto a crowded lot. I would think some efforts to balance a 

limited exposure and immunity would help alleviate this problem~ 

Prevention and control as we have covered is primarily 

cleanliness and physical barrier. Again, in review, f would 

also like some answers from researchers to allow limited 

exposure with concurrent immunity~ 

Treatment is not effective in clinical cases. That's what 

the textbooks say. I'm convinced that arnproliurn works to stop 
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the disea~e. Do NOT follow label directions! The double 
dilution with full and half strength concentrations are too 

confusing and compliance is extremely difficult. Amprolium 9.6% 

solution calculates to 5 cc/calf treatment (5 days) and 2 1/2 

cc/calf as prevention (21 days). This can easily be added 

directly to the milk or water. 

Unfortunately, this may not present itself as a simple, 

uncomplicated disease. In our practice, we feel that coccidia 

works hand-in-nand many times with Clostridium enterotoxemia. 

It is reported that the epsilon toxin cannot penetrate the 

intestinal mucosa. However, with a severely compromised mucosa 

from coccidia, I question that. When we are seeing calves and 

feedlot cattle with nervous signs, we always include C & D 

antitoxin (DybelonR Bio-Ceutic) along with thiamine and 
antibiotics in our treatment. This does give quite encouraging 

results. 

I don't think I've speq a lot of new light on the problems 

that you are having in your practice. If possible, though, there 

may be some new ideas rai9ed that could b~ considered by those 

in research to continue investigation. 
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Growth hormone or somatotropin (STH) is produced in the adenohypophysis 
(pituitary -gland) of animais. Technically, STH is a protein that has a molecu
lar weight of 2200 and contains -191 amino acid residues. STH produced by one 
species does not always elicit similar responses in other species because of 
variation in the molecule. Known metabolic effects of STH include increased 
protein synthesis, increased fat mobilization and decreased glucose utilization. 
An important role for STH is stimulation of an increase in body size, but it has 
a stimulating effect on milk production as well. Early studies, 40 to 50 years 
ago, on STH were done with preparations from pituitary tissue and often con
tained other hormones and substances in addition to STH. Thus, responses to the 
preparations were not definitely attributable to STH alone. More recent tech
nology has bro~ght improvements in purification of STH from animal tissues. 
This imprQvement and development of procedures to produce STH in bacteria 
(Escherichia coli) via a recombinant plasmid (genetic engineering) has provided 
scientists with a tool to study the effects of STH in much more detail. In 
addition, production of STH by the latter technology has potential for commer
cial use in the livestock industry. 

Secretion of Somatotropin by Dairy Cattle 

Dairy cattle vary in their production of STH. Concentrations of circulating STH 
are higher in cows of high productioi potential as compared to lower producers~ 
Also, STH is higher during peak lactation than during mid or late lactation and 
will be lower in blood of dry cows than in that of lactating cows. R~search is 
continuing on the study of endogenous STH and factors affecting levels· and sub
sequent responses. 

Use of Exogenous Somatotropin 

Experiments as early as 1937 showed that injections of crude pituitary 
extracts stimulated increases in milk production by cows. In the 1940's, 
British scientists studied the feasibility of using hormone preparations to 
increase milk supplies in that country during World War LI. Although milk pro
duction could be increased, the attempt to improve supply by this method was 
abandoned because of the amount of pituitary tissue required for the hormonal 
preparations. 

Since the improvement of technology for purification of STH from animal tissues, 
identification of chemical structure and properties of STH, and production by 
recombinant procedures, interest has again been stimulated in the use of STH for 
increasing milk production in dairy cattle. 
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Effects on Milk Production 

Most of the studies with lactating cows have been of short duration, days or 
weeks, and only recently have longer term studies been reported. Results of 
a 188 day study starting at day 84 of lactation are in Table 1. Increases in 
milk yield have been dramatic, up to 41%. A summary by Cornell workers of 
several studies (not including that in Table 1) indicate responses of 13 to 
34% increase in milk production. 

TABLE 1. Effects of somatotropin on milk yield, milk composition, energy 
intake, and balance in a 188 day studya. 

methionyl bovine somatotropin 
------------------mg/day---~------------~---

Item 0 13.5 27.0, 40.5 

3.5% fat milk (lb/day) 61.4b 75.7C 83.6C 
Fat (%) 3.6 3.8 3.6 
Protein (%) 3.4 3.4 3.4 
Lactose (%) 4.8 4.9 4;8 
Net Energy Intake (Meal/day) 34.1 36.7 39.2 
Net Energy Balance (Meal/day) 4.7b 3.7bC 

Adapted from Bauman et al. 1985. J. Dairy Sci. 68:1352. 
astudy began on day 84 of lactation with 6 cows/treatment. 
bcMeans with different superscripts differ. 

Effect of Stage of Lactation 

2.8bc 

86.7C 
3.6 
3.4 
4.9 

37.5 
1.7C 

Some of the shorter term studies suggested that percentage of response was 
greater (32.2% vs. 15.2%) during late (244 days postpartum) than during early 
(81 days postpartum) lactation. Similar doses of STH were administered to 
cows in both stages of lactation. However,· recent data showed large respon
ses in early lactation (20 to 46 days). The Cornell work indicates that the 
shape of lactation curve changes, showing increased persistence, with admi
nistration of STH. 

Effect on Milk C~mposition 

The effect of STH on milk composition apparently depends on the cows' energy 
and protein status. Cows in positive energy and nitrogen balance have 
generally responded to STH injections with increased milk with little or no 
change in percentage of fat and protein in the milk (Table 1). But, percentage 
milk fat increased and milk protein content decreased for cows in negative 
energy and nitrogen balance, although both fat and protein yield increased with 
STH administration. Lactose content of milk content was not changed, but yield 
paralleled milk production ·increases. 

Effect on Feed Intake 

Some of the short studies with STH did not show an increase in feed intake. 
Recently, two longer studies have shown that cows injected with STH increased 
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and maintained voluntary intake (See Table 1) consistent with increased milk 
production. 

Effects on Health and Reproduction 

Because most of the studies have been of relatively short duration, only 
limited information is available on effects of health, reproductive perfor
mance, and viability of calves born to 5TH-treated cows. Work reported from 
Cornell on a 188 day study with 30 cows suggested normal health, conception, 
gestation and delivery of healthy calves. Information from studies that involve 
more than one lactation per cow are not yet available. 

Mode of Action of Somatotropin 

'STH does not improve digestive efficiency or utilization of dietary energy. 
Studies using indirect calorimetry and radioisotopes led to conclusions that 
extra nutrients came from body stores and STH had no effect on the maintenance 
requirement, digestive processes or partial efficiency of milk synthesis. 

The mechanism of action of STH in eliciting responses in production is complex. 
But, researchers have suggested two general ways in which GH produces its 
effect: 

1. Metabolism of body tissues is altered to partition more nutrients to 
the mammary gland. 

2. The mammary gland's ability to synthesize milk is enhanced through 
administration of STH. 

Administration of Somatotropin 

To date, most investigators have administered STH by single, daily injections. 
Injections more than once daily or continuous infusion of the hormone appear 
to be no better than single, daily injections of an identical dosage. In ex
periments using low dosages, extension of injection intervals beyond 24 hours 
resulted in lowered responses. The hormone cannot be given orally because 
digestive processes would destroy it before absorption. Slow release implants 
would eliminate the need for daily injections, but are not yet available. 

Nutritional Management 

As previously stated, cows given rbSTH over an extended period (months) will 
increase feed intake to meet the energy demands for milk production. Data 
available, thus far, indicate that administration of rbSTH to dairy cattle does 
not increase the maintenance requirement or the nutrients required for each 
increment of additional milk produced. However, cows given the hormone'will be 
more persistent in milk production, hence, rations of high nutrient con
centration probably will have to be fed for longer periods than is current prac
tice. Feed testing and careful ration balancing will be an important component 
of the nutritional management program. If a producer using rbSTH maintains 
herdsize, total feed needed by the herd' will increase, probably by 5-10%. The 
increase may require additional storage facilities, increased acreage of crops 
grown for feed or purchase of the extra feed. 



Veterinary Care 

High-producing cows require more veterinary care than lower producers as shown 
by a study of two genetically different groups of Holstein cows at the 
University of Minnesota•s Southern Experiment Station. However, extra milk 
income more than compensated for the additional care. It is likely that rbSTH 
use will mean additional health care but probably not more than that required by 
other high-producing cows that are well-managed. Cows that have health problems 

.may be severely stressed from the drive to milk from rbSTH and may react adver
sely. Not much is known as of yet on the effect of high environmental tem
perature on cows given rbSTH. 

Adoption by Farmers 

Adoption of rbSTH for use in dairy cattle by farmers first depends on approval 
by FDA. Some have indicated approval by 1988 or 1989; some later. A survey of 
1% of New York•s dairy farmers suggested that at least one-half of the state•s 
cows would be receiving rbSTH within the first year after availability. Most 
farmers stated that they would use the product on a portion of the herd at the 
start. About one-eighth of those surveyed indicated they would not use rbSTH. 
The New York study suggests wide-spread adoption by 1995. 

One company involved in research on rbSTH predicts 75% adoption by 1995. It is 
likely that Minnesota farmers will adopt this new technology, if approved by 
FDA, at a rate similar to other US dairy producers. 

Economic Impact for Minnesota Farmers 

Price of rbSTH to farmers has not been established. One report has used a pro
duct cost of $30-50 per cow pe~ year. The Cornell survey used a cost of $.17 
per daily dose. An increase in milk production of 15% might be expected from 
use of rbSTH. An increase in feed intake would accompany the increased produc
tion. This may be in the order nf 6% increase. Minnesota Holsteins on DHI 
averaged 15697 lb milk, 3.7% fat in 1985. If rbSTH were used on these cows, 
milk production would be increased by 2354 lb/cow ('if the 15% figure is used). 
This amount of milk is worth $259 ($11/100 lb). A 6% increase in feed intake 
would cost about $45 according to 1985 DHI information. If one uses a cost of 
$50 for rbSTH and $45 for feed ($95), $164 would remain (259 - 95 = 164) for 
increased labor, other costs and profit. 

Summary 

Use of rbSTH by Minnesota dairy farmers will depend on approval by FDA, cost
benefit ratios, convenience for use and other factors. Production responses can 

"be expected from rbSTH and additional feed will be required for the increased 
milk yield. Use of rbSTH will require management that is skilled and pays 
attention to detail. 
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Bovine abortion problems are one of the most difficult problems for a bovine 
practitioner to diagnose. Herd histories of abortion problems are much alike 
and gross fetal lesions are often not, in themselves, diagnostic. Even with 
laboratory help, the cause sometimes remains undiagnosed. 

The purpose of this presentation is to discuss diagnostic approaches to bovine 
abortion problems and to foster a cooperative effort between the bovine prac
titioner and his/her diagnostic laboratory in order to better solve the problem. 

A. Definitions 

1. Early embryonal death: Conception - 42 days (absorbed or aborted) 

2. Abortion: 42 days - 260 days (fetus expelled) 

3. Stillbirths: 260 days- term (born dead) 

B. Bovine Abortion - Client•s Concerns 

1. What is causing the abortion? 

2. How many cows are going to abort? 

3. What can be done? 

c. Diagnostic Approach 

1. History 

a. Herd 

b. Reproductive 

2. Clinical Examination 

3. Laboratory Examination 



o. Herd History 

1. Introduction of animals within the year. 

a. Breeding stock 

b. Feeder animals 

c. Participation in shows, fairs, etc. 

2. Changes in management 

a. Moving of herd or groups to other facilities or pastures. 

b. Changes of ration, feed stuffs. 

c. Changes of water supply. 

3. Changes of physical health (any age). 

a. Inappetence, diarrhea, respiratory signs, etc. 

4. Immunization history 

a. Recent and past programs 

b. Use of live viral vaccine 

5. Medication with corticosteroids, estrogens, prostaglandins, etc. 

6. Fertility and abortion status in neighboring herds. 

E. Reproductive History (should include at least last 12 months) 

1. Number of abortions 

2. Dates of abortions 

3. Stage in pregnancy when aborted 

4. Abortions in groups or randomly dispersed? 

5. Bull(s) siring the aborted fetus 

6. Retention of membranes, metritis, subsequent fertility 

7. Herd fertility prior and subsequent to abortions 

F. Clinical Examination 

Includes: 

1. Fertility examination 

2. Examination of fetus(es) 

3. Examination of placenta 

4. Physical examination of sick animals if any 

19 
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G. Fertility Examination 

1. Entire breeding herd 

2. Revea 1 s: 

a. Reproductive performance 

b. Unobserved abortions, mummified fetuses, pyometra 

3. Results aid in selection of animals to sample 

H. Laboratory Ex ami nation 

1. Reliability depends on: 

a. Quality of sample 

1. mai 1 ed in 

2. brought to laboratory 

2. Selection of samples and tests 

1. Based on what is received and its condition 

2. Evaluation of history and clinical examination 

3 ... Covering the waterfront .. is seldom possible and expensive 

I. Laboratory Abortion Diagnosis= 30-40% Successful 

1. The condition causing the abortion occurred weeks or months prior to 
the abortion and is now undetectable. 

2. Fetus retained in uterus - hours to days leading to autolysis, obscuring 
lesions. 

3. Fetal membranes often affected first are unavailable for examination 

4. Toxic or genetic factors responsible are not detectable in the specimens 

5. Fetus and placenta may not reflect what happened in the dam 

6. Many causes are unknown 

J. Causes of Bovine Abortion 

1. Bacterial Abortions 

a. Brucellosis 

b. Leptospirosis 

c. Listeriosis 

d. Campylobacteriosis 
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e. Tuberculosis 

f. Corynebacterium pyogenes 

g. Streptococci and staphylococci 

h. Bacillus cereus 

i. Bacillus spp. 

j. Salmonellosis 

k. Haemophilus somnus 

l. Mycoplasma spp. - ureaplasma 

m. Chlamydia psittaci 

2. Mycotic Abortions 

a. Aspergillus 

b. Phycomycetes 

1. Mucor 

2. Absidia 

3. Rhizopus 

3. Yeast Abortions 

a. Candida tropicalis 

b. Candida subtropicalis 

c. Candida parapsi losis 

4. Protozoal Abortions 

a. Trichomoniasis 

b. Toxoplasmosis 

c. Sarcocystis infection 

d. Piroplasmosis 

5. Viral Abortions 

a. IBR 

b. BVD 

c. Epizootic Bovine Abortion (EBA) 

d. Bovine Parvovirus 

e. Picornavirus 

f. Unknown viruses 
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6. Environmental Factors 

a. Iodine deficiency= weak or dead calf, goiter 

b. Vit E - selenium deficiency = heart and skeletal muscle lesions 

c. Vit A deficiency 

d. Trauma 

e. Toxic substances - pine needles (Ponderosa Pine) 

f. Fetal renal oxalosis -may indicate marginal nutrition 

7. Miscellaneous Causes of Abortion 

a. Hyperthermia from any disease (mastitis - pneumonia); BVD 

b. Maternal hypoxia = fetal hypoxia 

1. Circulatory failure (traumatic pericarditis) 

2. Pneumonia 

c. Grain overload 

1. Hemoconcentration = fetal hypoxia and acidosis 

2. Acidosis 

d. Endotoxemia- maternal gram negative infection 

1. Coliform mastitis 

2. Severe foot rot 

3. Endotoxins may induce synthesis of prostaglandins 

4. May produce CNS anomalies 

8. Hormonal Abortions 

a. Estrogens 

b. Prostaglandins 

c. Corticosteroids 

9. Genetic Abortions 

a. Chromasomal aberrations 

b. Twinning 
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Bovine Abortion Diagnostic Self Assessment Test 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 
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Specific Bovine Abortion Diseases 

A. Brucellosis- Cattle. Bang's disease 

1. Etiology - Brucella abortus 
source - aborted fetus or placenta 

2. Route- alimentary- regional lymph nodes - acute lymphadenitis -
bacteremia - spleen, mammary glands, pregnant uterus - placenta, 
fetus. In the male - testes and accessory glands. 

3. Genital organs and placenta contain erythritol (preferential source of 
energy). 

4. Abortions late term 7-8 months gestation or live weak calf. 

5. Lesions: 

a. Placental necrosis - yellow flecks and caceation necrosis of cotyle
dons. Thickening membranes - hemorrhage of placenta. 

b. Placentitis - infiltration of neutrophils 

c. Fetus: edematous - blood tinged fluid in subcutis and body cavities. 
Micro -*suppurative bronchopneumonia, focal necrosis - lymph nodes 
and liver. 

6. Control: 

a. Test and slaughter, calfhood vaccination 

B. Listeriosis - cattle - sheep 

1. Etiology - Listeria monocytogenes 

2. Clinical signs: 
Spring of year, corn silae ration, no CNS, sporadic, late gestation 

3. Transmission - oral - bacteremia - uterus - fetus septicemia 

4. Lesions: Fetus- septicemia. Liver- yellow focal areas of necrosis -
pinpoint - 1 mm in size. Gram stain or culture. 

C. Corynebacterium Abortion - cattle 

1. Etiology- Corynebacterium pyogenes 

2. Clinical signs 
mid-full term, sporadic 

3. Transmission - not fully understood 

a. Dirty conditions - organism enters uterus through cervix 

b. Bacteremia- uterus - placenta - fetus. 

c. Chronic, walled off uterine infection. 
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4. Lesions 

a. Placentitis 

b. Fetus septicemia- pneumonia 

D. Other Bacteria 

1. Streptococci, Staphylococci,~ coli, Bacillus spp. 

2. Lesions: 

a. Placentitis 

b. Septicemia- fetal pneumonia 

E. Mycotic Abortion ~ Cattle 

1. Etiology: Fungi -Aspergillus, Mucor, Absidia, Rhizopus 

2. Transmission: Mold spores in hay are inhaled - blood - placenta - fetus, 
or from GI tract infections 

3. Clinical signs 

a. Sporadic 

b. 6-8 mo. gestation 

c. Retained placentas 

4. Lesions 

a. Placentitis - leathery and necrotic. Micro - placentitis - identify 
funga 1 hypha 1 

b. Fetus - some have ringworm like dermatitis on head and shoulders 

G. Viral Abortion - Cattle 

1. Infectious Bovine Rhinotracheitis (IBR) 

a. Etiology - Herpesvirus 

b. Transmission - Respiratory in cow =mild disease, fetus becomes viremic 

c. Cli'flical signs: 

1) Mild respiratory disease in cows 

2) 4 month or more gestation 

3) Fetus aborted several days - weeks later. 
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d. Lesions 

1) Fetus autolytic (dead several days before abortion) 

2) Focal necrosis- liver, adrenal, etc. (In some cases can see 
gross evidence. (pin point necrosis). Can be seen histologi
cally 

e. Diagnosis 

1) Direct FA = kidney, adrenal 

2) Virus isolation - thoracic fluid 

2. Bovine Virus Diarrhea (BVD) 

a. Etiology - BVD virus 

b. Pathogenesis: Cow viremic - Result depends on when fetus is affected. 

In utero BVD Infection 

Peroid of Gestation 

20-90 days 

100-150 days 

168 days - term 

Result 

Early embryonal death Resorption 
Necrosis of bronchiolar epithelium 

Fetal mummification 
Non-suppurative meningitis 
Fetal developmental arrests -

Cerebellar hypoplasia- other anomalies 
Cataracts and retinal degeneration 
Myocarditis - nodular liver 

Infection results in fetal antibodies 
Most do not have lesions 
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Abortion Diagnosis 

A. Specimen Submission: 

1. Best sample: Entire fetus or neonate, placenta, serum from dam 

2. Tissues: (Fresh) 

a. Stomach and content (tied-off) 

b. Lung 

c. Liver 

d. Spleen 

e. Kidney 

f. Myocardium 

g. Placenta - (all that is available) 

h. Similar tissues in formalin (except stomach) 

i. Thoracic fluid, if present 

3. Examine brain grossly (cerebellar hypoplasia, hydrocephalus). 

4. Examine heart and palate for anomalies 

5. Follow with convalescent serum from dam 2-3 weeks later. 

B. Placentitis - Placental Necrosis 

1. Separation of maternal and fetal placentation= fetal hypoxia= fetal death. 

2. Separation of maternal and fetal placentation = decreased fetal nutrients = 
fetal death 

3. Infection of maternal and fetal placenta, spreads to fetus = fetal death 

4. Mild placentitis = fetal stress 
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Serology in Abortion Diagnosis 

A. Single serum sample at time of abortion may be helpful in diagnosis of: 

1 • Bruce 11 o s i s 

2. Leptospirosis 

B. Paired sera (acute and convalescent) drawn 2-3 weeks apart (single animal) 

1. May help determine significance of leptospirosis titer. 

2. Most cases dam•s serum titer is high at time of abortion~ 

C. Paired sera from multiple animals 

A. 

B. 

1. Ten animals or 10% of herd (whichever is greater). 

2. Good evidence of a specific active infection in a herd. 

Serov ars: 

1. ~oman a 

2. grip~otyphosa 

3. canicola 

Leptospirosis - Leptospira interrogons 
(United States cattle isolations) 

4. icterohemorrhagial 

5. hardjo 

6. mini szwajizak 

Diagnostic Tests 

1. Best = serology 
Microscopic agglutination microtiter test (MAMT) 

2. Isolation of agent from urine 

3. Dark field examination of fetal fluids 

4. Direct immunofluorescence 
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C. Leptospirosis Titers - significance 

1. Single positive titer of 1:100 or greater 

a. Residual titer to previous infection 

b. Infection 

c. Vaccination titer 

2. 1:100-1:200 = significant if unvaccinated 

3. 1:100 or greater = positive unless after repeated vaccinations 

4. Paired sera 10-14 days apart - 4 .fold increase from negative to positive = 
infection 

5. ~ hardjo titer of 1:40 or greater 
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Many problems beset the postpartum dairy cow and all of them may 

potentially decrease reproductive efficiency. This brief review will deal 

with retained fetal membranes (RFM) and metritis/endometritis and discuss 

various treatment approaches in light of recent research. It should be noted 

here that research often does not translate into obvious clinical 

recommendations. IWo recent reviews dealing with RFM/metritis cite a combined 

total of 241 reports without reaching definitive conclusions about therapy (de 

Bois, 1982; Paisley et al., 1986). We will proceed from this rather uncertain 

foundation. 

Retained Fetal Membranes 

The ongoing controversy about cleaning cows will not be resolved here, 

unfortunately. Personally, I oppose manual removal of RFM and can justify it 

on aesthetic grounds. The problem is that the client frequently justifies 

attempts at manual removal on these same aesthetic grounds, just from a 

different vantage point (downwind). A look at the causes of RFM may shed some 

light on the present treatment dilemma. The incidence of RFM in normal herds 

ranges from 3 to 12% (Arthur, 1979). Among the proposed causes of RFM are: 

premature delivery, prolonged gestation, heat or other stresses, milk fever, 

selenium deficiency, vitamin A deficiency, infectious abortion, dystocia and 

twins. The mechanism of retention can vary with the cause from primary 

failure of the maturation and separation process to edema, hyperemia and 

necrosis of the placentomes to placentitis to uterine inertia ·(Grunert, 1984). 

Considering the variety of causes and mechanisms, it is not surprising that 

specific treatments have met with limited success. Interference with 

placental separation begins well before parturition and most therapy is 

designed to acutely squeeze or pull this tightly, chronically adhered placenta 

from the uterus. This approach is likely to be successful only in that 1 to 

2% of RFM due to uncomplicated uterine inertia, such as occurs with milk 

fever. 
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Manual removal of RFM (cleaning cows) remains a controversial topic. 

Though widely practiced, there is little strong evidence to support its 

therapeutic value. Dryendahl (1977) reported a nonsignificant improvement in 

fertility in cows whose RFM were manually removed over those whose RFM could 

not be removed. It is important to note that fertility was decreased in both 

instances and that failure to remove membranes is not the same as allowing 

them to sit undisturbed. These data could just as easily be interpreted as 

contraindicating any intervention. What is needed, ·and of ten di ff icul t to 

obtain, is a group of untreated RFM cows to serve as a control. Manual 

removal of RFM can cause additional uterine trauma and interfere with normal 

uterine defenses (e.g. phagocytosis) while introducing more contamination. 

Alternative treatments for RFM involve uterotonic or antibacterial 

products. The limited value of prostaglandins, oxytocin, estrogen, ergonovine 

and calcium is not surprising in light of the low incidence of RFM due to 

uncomplicated uterine inertia. Additionally, Piper et al. and Martin et al. 

have shown that uterine muscular activity is not reduced in cows with RFM. 

Herschler and Lawrence (1984) however, reported a more rapid expulsion of RFM 

and a lower incidence of metritis in cows treated with fenprostalene (a PGF2 

analog). 

Intrauterine antibiotics have been ineffective in clearing infections 

from the uterus of cows with RFM but they may decrease putrefaction and the 

subsequent odor. It is possible that interference with putrefaction can 

prevent placental separation and prolong RFM. Iodine and irritating 

antibiotic preparations also interfere with uterine phagocytosis. Ideally, 

antibiotics for intrauterine use would be nonirritating, broadspectrum, have 

limited systemic absorption and be effective in the presence of organic 

material. They should be particularly effective against the combination of 

Corynebacterium pyogenes and various anaerobes that apparently act 

synergistically to produce postpartum metritis and pyometra. 

In the absence of a reliable therapeutic approach to the typical RFM cow 

I would suggest the following: 

1. Emphasize prevention fostered by a better understanding of the causes of 

RFM. Dr. Jack Britt's presentation at this meeting should provide useful 

information along these lines. 

2. When faced with a RFM cow, request that the client closely monitor 

appetite, production and temperature. Systemically ill cows with 

elevated temperatures can be treated with systemic antibiotics (e.g. 
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penicillin). All RFM cows should be examined 2 to 4 weeks after 

parturition to monitor uterine involution and to detect and treat cases 

of metritis Dr pyometra as quickly as possible. 

3. And finally, realize that a RFM cow is not a normal cow and it is 

unlikely that any present or forseeable therapy will convert her to 

normal status. Decreased reproductive efficiency can be expected in 

these cows. The old maxim 11 an ounce of prevention ••• "is all too true 

in this situation. 

Metritis/Endometritis 

Infection and inflammation of the postpartum uterus cover a spectrum from 

acute septic metritis with severe systemic signs to chronic endometritis 

characterized only by infertility. Obviously, approaches to treatment will 

depen9 on the type of metritis present. Very frequently, the more severe 

disease results from RFM and preventive measures should be directed at this as 

well as emphasizing sanitation at parturition. 

Treatment is intended to evacuate uterine contents, bring the infection 

under control while promoting uterine defenses and providing support for cows 

with severe systemic disorders (i.e. fluids, antiinflammatory agents). 

Prostaglandin F2 and its analogs, (PGF), oxytocin and estrogens have all been 

recommended for postpartum uterine evacuation. Oxytocin is the drug of choice 

in the first week postpartum while PGF is indicated for cows with a mature 

corpus luteum on the ovary. Estrogens have been reported to cause more 

serious metritis and salpingitis (Gustafsson and Ott, 1981) while others 

report that after the first week postpartum they promote uterine phagocytosis 

(Vandeplassche and Bouters, 1983). The efficacy of any single hormonal 

treatment (even repeated daily) to produce myometrial stimulation that results 

in an overall therapeutic effect has never been demonstrated. 

Therapy to control infection has traditionally involved intrauterine 

infusion of antibacterial products. A serious drawback of this type of 

therapy is the need to withhold milk from treated cows. Other limitations 

include the anaerobic postpartum environment which inhibits the activity of 

the aminoglycosides, presence of resistant organisms, high concentrations of 

organic debris and decreased absorption limiting treatment of the entire 

uterus. Perhaps a more serious problem is the potential for intrauterine 

antibiotic therapy to interfere with phagocytosis (Vandeplassche, 1984). 

Absorption of drugs from the postpartum uterus is low (Gustafsson and Ott, 
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1981) • This ca.n prevent effective levels of antibiotic from reaching the 

deeper uterine tissue. Additionally, no antibiotics are approved for 

intrauterine use in the cow in this country. 

Olson et al. (1984) have made the following recommendations for treating 

uterine infections. In the immediate postpartum period (first 1 to 2 weeks), 

cows are treated locally with tetracyclines and, if needed, systemically with 

penicillin. Treatments are repeated daily as required. Uterine infections 

after the first 1 to 2 weeks postpartum are generally local in nature and 

intrauterine infusions of tetracycline are recommended. The use of GnRH at 

this time to promote ovulation and uterine cleansing during estrus is 

controversial. One researcher has found an increased incidence of pyometra in 

cows routinely treated with GnRH on day 15 postpartum (Etherington, 1983). 

Finally, Olson et al. recommend repeated intrauterine penicillin treatment for 

infections persisting into the postovulatory period. 

The use of PGF alone has been promoted for treatment of uterine 

infections at all postpartum stages in cows with or without a mature corpus 

luteum (see Paisley et al. 1986). They propose that in addition to 

luteolysis, PGF may stimulate myometrial contractions to aid in uterine 

evacuation and may also promote phagocytosis by uterine leucocytes. They cite 

the additional benefit of not having to discard milk when PGF is used instead 

of intrauterine antibiotics. 

In summary, therapy for RFM and uterine infections is still quite 

subjective. Very often, clinical trials to evaluate therapy are inadequately 

designed. Until a proven therapeutic approach is elucidated, it is important 

that we choose treatment options that are not harmful in themselves, are 

economically justifiable and do not risk contamination of the human food 

supply. As the economic realities of the dairy industry evolve, it is likely 

that farmers will develop a strong~r interest in preventing these problems in 

order to maximize profit~bility rather than treating them to minimize losses. 
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The emerging biotechnologies will have a revolutionary effect upon dom
mestic animal breeding. The current state of development for in vitro matura
tion of oocytes, their in vitro fertilization and ''cloning'' suggests that they 
will have a major impact on animal agriculture within 5-10 years. 

OUTLINE 

I. Introduction 
II. Effect of exogenous growth hormone 

III. Embryo technologies 
1. Collection 
2. Gene injection 
3. Amplication via splitting 
4. Embryo transfer 
5. Mosaics 
6. Extra-specific embryo transfer 
7. Nuclear transplantation 

IV. Summary 

LITERATURE REVIEW 

Progress has been made toward obtaining cow oocyte maturation in vitro (4, 
28, 29, 32, 38, 40, 43, 44, 58). Fewer successful reports of in vitro fer
tilization of cow ova appear in the literature (6, 10, 13, 14, 32, 43). Even 
fewer reports couple in vitro oocyte maturation with in vitro fertilization. 
Three recent reviews devoted to these subjects in domestic animals are available 
(7, 12, 67). Only one calf has been born as the result of in vitro fer
tilization (13). 

Mammalian oocytes, upon removal from antral follicles and culture in vitro, 
spontaneously undergo nuclear maturation (56). Sato et al. (59), Liebfried and 
First (40) and Fukui and Sakuma (29) reported that significantly more bovine 
oocytes invested with cumulus cells would mature to the 2nd metaphase than 
without cumulus cells. Cumulus cells are metabolically coupled to the oocyte 
via gap junctions conjoining the oolema with the cumulus cell processes that 
traverse the ~ona pellucida (2, 25, 26). FSH uncouples sheep oocytes from their 
cumulus cells (50, 51). In vivo, uncoupling occurs near the time of ovulation 
(26) and this appears to be correlated with mucification (expansion) of the 
cumulus cells. 

Although FSH may not be needed for nuclear maturation in vitro (28, 40, 58), 
it enhanced maturation (expansion) of the cumulus cells surrounding the oocytes. 
Ball et al. (4) reported that full expansion of the cumulus oophorus did not 
occur unless FSH was included in the culture medium. Hensleigh and Hunter (32) 
found that HCG also enhanced the degree qf .cumulus maturation~ 

Fukui et al. (28) found that the add1t1on of HCG to a bov1ne oocyte matura-
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tion media produced no significant difference in the rate of nuclear maturation 
as compared to that of LH. Channing and Tsafriri (16) reported that LH overcame 
the inhibitory action of porcine follicular fluid on oocyte meiosis. However, 
Liebfried and First (41) reported that neither bovine follicular fluid nor gra
nulosa cells affected the completion of the first meiotic division of bovine 
oocytes in vitro. However, they (42) found that LH induced resumption of 
meiosis in porcine oocytes in an in vitro culture system involving follicle wall 
and cumulus. Receptors for LH/HCG are present on both oocyte (36) and cumulus 
cells (1). In addition, Darga and Reichert (21) reported that fluid from bovine 
follicles of all sizes significantly inhibited FSH binding to bovine granulosa 
cells. Follicular fluid inhibits nuclear maturation and maintains the oocyte in 
a state of meiotic arrest (17, 24) probably via its effect on the cumulus cells 
(17). Follicular fluid contains sulfated glycoaminoglycans (5, 27) which can 
suppress FSH induced cumulus expansion (27). Whether HCG.resulted in cumulus 
maturation via its FSH activity or LH activity is unknown. 

Bedirian et al. (8) reported that an unexpanded cumulus may present a 
barrier to sperm penetration. Cross and Brinster (20) and Eppig (24) 
demonstrated that the presence of cumulus cells during mouse oocyt~ maturation 
was important for a high frequency of embryonic development. Ball et al. (6) 
showed that the in vitro induction of cumulus expansion by FSH prior to in vitro 
fertilization increased the incidence of bovine oocyte penetration and 
pronuclear formation by bovine epididymal spermatozoa. Testart et al. (61) 
found a higher proportion of human eggs cleaved after in vitro fertilization 
when cumulus expansion was complete. Hensleigh and Hunter (32) concluded that 
the best treatment for maturing cumulus cells involved adding 1 ~g/ml FSH to the 
culture medium. 

Bondioli and Wright (10) incubated ram sperm with sheep cumulus cells 
to capacitate them prior to in vitro fertilization and subsequently 
obtained a 12% production of 2-cell embryos from ovarian oocytes. They 
hypothesized that the cumulus cells aided in sperm capacitation. Mumford et al. 
(52) detected aminopeptidase, endopeptidase, trypsin-like, and elastase-like 
activities in golden hamster cumulus cells. The expansion of the bovine cumulus 
is significantly, positively correlated with the production of the 
glycosaminoglycan hyaluronic acid (4) by the cumulus complex. Hyaluronic acid 
is highly effective at inducing acrosome reactions in bull spermatozoa in vitro 
(31). Although these compounds may play a role in ovulation, they might also 
function to capacitate sperm and/or prepare sperm for fertilization. 
Capacitation involves the removal of epididymal or seminal plasma components 
(coating proteins) from the sperm membrane thus allowing the acrosome reaction 
to occur (3, 34, 37). Hensleigh and Hunter (32) reported that in vitro matured 
oocytes when mixed with ejaculated bull sperm, cleaved to the 2-cell stage with 
a frequency of 15%. 

Other workers have used caudal epididymal spermatozoa (6, 43) or have used 
earlier stages of fertilization (penetration, male and female pronuclei 
formation) to,assay their in vitro matured bovine oocytes (6, 43, 59). 
Recently, BondioJi and Wright (10) collected oocytes from the oviduct of cows, 
superovulated with FSH, fertilized them in vitro with washed fresh or frozen 
bovine semen and reported that both resulted in 7-11% of the oocytes undergoing 
division. 

Hensleigh and Hunter (32), Miller (48) and Brackett and co-workers (12, 13) 
reported individual bull differences in the ability to induce cleavage under in 
vitro conditions. 

Thadini (62) and Markert (44) have injected dead sperm into oocytes and 
observed nuclear decondensation. 
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Two methods are available for cloning embryos, namely splitting embryos and 
nuclear transplantation. The first method was developed at ARS, Cambridge, 
England by Willadsen et al (65) and has found widespread acceptance. Reports 
using this method can be found in references 15, 39, 53, 63, 66. 

The most useful method for cloning desirable animals would be by nuclear 
transplantation. However no adult nuclei have ever been cloned (47) but nuclei 
from early mouse embryos have yielded normal young (33, 35, 45, 46). 
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Historically the currently practiced reproductive or total herd health 

programs are the outcome of a chain reaction which took place in the mid- to 

late 1950's. It started with introduction and acceptance of A. I. This led to 

the appearance of reasonably good records. Client's wish to test A.I. and the 

bull stud management's desire to assess performance of semen and technicians 

resulted in a demand for pregnancy examination relatively early in the era of 

artificial insemination. An added stimulus was the realization of the lack of 

reliability of non return rates. By 1955 this college was providing fertility 

examination service in its present form to 13 herds on a regular basis. 

The theme of this conference 30 years later is appropriately reproductive 

health management. It seemed also to be appropriate to look back and compare 

performance today and in 1955. 

Fortunately, data for 1955 were filed and those for 1985 were computer 

stored. Most, although not all, parameters were common. They are shown in the 

following table. 

1st service conception rate % 
Total service conception rate % 
Nonpg upon pregnancy exam % 
Postservice anestrus % 
Incidence % 

cystic ovaries 
repeat breeding 
prenatal death 

Calving interval, months 

1955 
53 .4 
50.7 
22.0 
30.6 

13.6 
15.1 
3.4 

13.2 

1985 
3 8. 7 
37.7 
27.0 

11.1 
15 .o 

9.0 
13.6 

The data speak for themselves. The question is: Why the significant 

differences? Out of the possible variables easiest to rule out as cause is the 

reproductive health program and the manner in which it is conducted. The 

approach is the same today as it was in 1955, so is student participation. It 

would seem then that the reason or reasons for the poor performance must be 

looked for on the farm. What is different between 1985 and 30 years ago? The 

two striking well known differences nationally and here in the Midwest are (1) 

nearly doubling of production and (2) increase in herd size. The latter has led 

to increased acreage. 

The increase of production per se is not responsible, providing management 

and care meet requirements. It is evident in the population presented and also 

in Minnesota DHIA herds. When the demands of the high producing animal are not 

met, infertility like the other production diseases is a very likely 

complication. 
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What effect has the other marked change on the dairy farm scene, namely the 

increase in herd size? Experiences in herds the size of which allows employment 

of specialists for specific management functions, including breeding, the 

influence of herd size is negligible. This is also true in countries with che,ap 

labor force. The situation is markedly different in the Midwest, where, 

generally, increases l.n herd size have taken place without added labor. In 

addition to the increased work load required for care of a larger number of 

animals, it is further increased by the often added acreage. All this increased 

work load would be physically impossible without technical labor-saving 

advances. Thus machinery and equipment have become available in the last three 

decades doubling the field work capacity per person. Mechanization and 

automation have alleviated and in instances saved labor directly involved in 

animal care. Pipeline milking, automated washing of milking equipment and 

mechanical feeders are examples of the latter. Where size increases do not 

justify doubling of personnel, the tasks and responsibilities tax the capacity 

of an individual in spite of the technical advances. Tight schedules and even 
c__-

time conflicts prevent the individual attention required by the high producer. 

Heat detection, handling of infertility problems and monitoring of reproductive 

performance suffer or are ignored as not life-threatening. Although some 

progress has been made, automation of heat detection for timing of services or 

monitoring conception rates so far is not available, at least in confined 

animals. With the hap-hazzard and hit and miss approach possible to the 

overloaded personnel it is surprisingly that results are not worse than they 

are. 

Since early 1960's bull semen has been preserved by freezing. While there 

is evidence that conception rates from inseminations with liquid vs frozen semen 

do not differ, semen storage and handling are extremely vulnerable to human 

error. 

Another variable which has emerged during the last three decades is on-the-

farm insemination. The results range from very good to disastrous with a 

fluctuating mediocre average between. This practice adds another time consuming 

responsibility requiring attention to detail to the busy schedule of the 

personnel in charge of the herd. 

In summary, it appears that etiology of the inadequate performance is 

multifactorial and all related to management. Moreover, the factors may act 

singularly or in combination. Also the factors responsible may vary between 

herds and within the herd. The quest for solution of the problem must take in 

account all factors because correction of any one management deficiency 

singularly cannot be expected to be effective in all herds all the time. 
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The current economic conditions in the dairy industry require that dairy prooucers operate efficiently in order to 
remain competetive. Reproductive performance of a herd affects the amount of mill< produced per row per day of 
herd life, the number of replacements needed to maintain a constant herd size and the length of time that a roN 
stays in the herd. All of these affect efficiency and profit. 

In order to remain competetive, producers must reduce losses that occur because of infertility. In proctice, this 
mean that herd health programs must be designed to keep rows in the herd as long as they are profltable. 
Profttable rows are those which produce at a satisfactory level, breed bacl< on schedule, and stay in the herd for 
severalloctat1ons. 

Defining Infertility 

For this discussion, infertility will be defined as unsatisfactory reproductive performance, regerdless of its cause. 
Infertility is caused by common reproductive disorders as well as environmental, managmental and nutritional 
problems that reduce reproductive performance. lnfert111ty rarely results from a single cause, but usually occurs 
because several factors collectively exert adverse influences on reproduction. 

Diagnosing Infertility 

It is a mistake to attempt to diagnose infertility by focusing on a particular disorder or symptom without 
evaluating the overall health, performance and management of a herd. In general terms, herds that produce at the 
highest levels and are healthiest are also the most fertile. However, high cu111ng rates can make some herds lool< 
better than they really are, so in diagnosing an infertility problem it is important to determine the reproductive 
performance of rows that remain in the herd as well as those that are culled. In EKX!ition, it is important to 
understand that fert11ity wm often dec11ne in a herd before there 1s an appreciable drop 1n m111< product1on. Thus, 
some high producing herds tend to develop infertility problems over an extended period of time without 
experiencing a drop in milk yield. Eventually milk production will also decline if the infertility problem is not 
diagnosed and corrected. 

Keeping Cows Healthy 

Keeping rows healthy is one of the most important steps in maintaining good fertility. Healthy rows produce more 
milk, breed back sooner and heve lower culHng rates than unhealthy herdmates. Poor health, regardless of its 
cause, usually leoos'to infertility. 

In evaluating infertility in a herd, it is informative to look first at the reproductive performance of healthy rows. 
In a study of eight dairy herds, we (Oltenacu, Britt, Braun and Mellenberger, J. Dairy Set. 67: 1783-1792, 
1984) evaluated reproduction in rows that were "perfectly healthy". These rows hoo absolutely no health 
problems that were d1agnosed by either the dairy producer or veterinarian during the l~tation when they were 
studied. Of 492 rows 1n the stutty', 204 ( 41 ~) were classified as "perfectly healthy" The reproouctive 



performance of these oows is illustrated in Table 1. 

Table 1. REPRODUCTIVE PERFORMANCE OF HEALTHY COWS 

TRAIT 

Days to first heat 
Days to first service 
Conception rate 1st service ( I) 
Days open 
Services per concepUon 
I Culled 
Z CuBed for reproduction 

FIRST LACTATION 

50 
68 
59 
95 

1.6 
4.4 
1.5 

LATER LACTATION 

55 
70 
71 
84 

1.4 
11.2 
4.7 
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Notice that these healthy cows were first bred at about 70 days postpartum, had conception rates of greater than 
59Z at first service, had fewer than 100 days open and were culled at rates of less than 12Z. This illustrates 
that good health contributes strongly to good fertility. 

Reducing Problems Around the Time of Calving 

The most cr1t1cal per1oo 1n a oow·s 11fe 1n terms of reproouct1ve performance 1s the per1oo around the time of 
calving. This includes the dry perioo and the first 3 to 4 weeks after calving. If oows can be managed so they get 
through this perioo in ~ shape, then most of the battle is won in terms of maintaining !)D1 reproouctive 
performance. Periparturient problems seem to occur as a complex such that one disorder eventually leads to 
another and as a consequence the oow may experience several problems before she finally gets straightened out. 
For example, difficult births are often followed by retained fetal membranes which lead to higher rates of uterine 
infections and milk fevers. Then the oow 00es not reach maximum feed intake soon enough and this leads to a more 
severe negative energy balance, lower milk yield, delayed uterine involution and delayed rebreeding. The ultimate 
outcome is poorer performance in terms of calf survival, milk yield, reproductive performance and survival of 
the oow in the herd. The relationships among some problems around the time of calving are illustrated in Table 2. 

Table 2. RELATIONSHIPS AMON6 SOME PRIMARY METABOLIC AND REPRODUCTIVE 
DISORDERS AND SECONDARY ASSOCIATED DISORDERS IN DAIRY COWS 

Primary disorder 8 

Secondary Fat M11k Reta1n. D1spl. 
disorder cow fever Dystoc. placen Metrit abomos. Ketosis 

Dystoc1a X X 
Ret. plac. X X X 
MetrU1s X X X X ? ? 
Disp. nboma. X X X X ? 
Mastitis X X X X X ? 
low C.R. X X X X X X X 

aThe primary disorder leads to a higher incidence of the secondary disorder 
cows. Summarized from the Hterature. 

in the affHcted 
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Clearly, it is of utmost importance to give cows the best care possible during the dry period, at calving and during 
the first few weeks after calving. If cows are not man8!)3d properly during this time, then subsequent problems 
w111lower performance and are often difficult to treat. Basically there are not any subst1tutes for ~ managment 
during this critical period of a cows reproductive cycle. We simply do not have treatments that will compensate 
for inadeQuate management. 

Uter1ne lnvoluUon and lnfecUons 

The uterus must decrease in size by more than 90Z between calving and rebreeding. Uterine involution is slowed 
by abnorma11t1es that occur at calving and by postpartum uterine infections. A good est1mate of the rate of uterine 
involution can be made by palpating the diameter of the cervix at various times during the postpartum period. We 
(Olten~u. Brltt, Braun and Mellenberger, J. Dairy Sci. 66: 612-619, 1983) recommend that the first palpation 
be made between 8 and 22 days postpartum, and that repeated palpations be made at weekly or biweekly intervals 
for cows that are not involuting properly. Diameter of the cervix during the first 6 weeks after calving had an 
important influence on subsequent rebreedfng performance ( Table 3). 

Table 3. DIAtiETER OF THE CERVIX AND REPRODUCTIVE PERFORMANCE. 

Cervix Percent Days to Days to Days to First service 
size of cows f1rst heat first service conception concep. rate 

Small 40 54 72 85 67 

Medium 34 59 75 96 52 

Large 26 62 81 108 46 

Unfortunately, we do not have good treatments for hastening uterine. involution. Uterine involution seems to occur 
faster in cows that start cycling sooner after calving and have more cycles prior to the normal postpartum 
breeding period. Recently, Benmrad and Stevenson ( J. Dairy Sci. 69: 800-811 , ·1986) reported that treatment 
with enRH about 1 0 to 14 days after calving or treatment with PGF about 20 to 24 days after calving improved 
reproduct1ve performance 1n cows that had per1partur1ent problems. Wh11e they d1d not measure uterine 
involution directly, it appears that treatments designed to increase the number of cycles before 60 days after 
calving promoted better fertility, probably through an effect on the involution of the uterus. In one canadian 
study, (Etherington, et al., Can. J. Comp. Med. 48: 245-250, 1984), cows treated with GnRH alone during the 
first three weeks after calving subsequently had higher rates of pyometra, possibly because the GnRH induced 
ovulation and shifted the uterine environment to one under the influence of progesterone. Whlle this has not been 
found in several other studies, the problem was eliminated in the canadian study by giving PGF about 10 days after 
enRH. 

Hormones such as oxytocin and PGF that induce acute contractions of the uterus probably have minor long-term 
effects on uterine 1nvolut1on aside from the f~t that they may help rid the uterus of fluid and debris that 
~umulates after calving. These hormones are so short-acting that they do not exert a prolonged effect. Estrogen 
does not stimulate contr~tions directly, but it sensitizes the uterus to oxytocin and thereby enhances the 
contr~tton rate if oxytoc1n 1s g1ven a one or two days later. It is important to recognize that the amount of 
estrogen necessary to sensitize the uterus to oxytocin is quite small (approximately 0.5 mg), and that large doses 
of estr(XJen can exert undesirable effects in the postpartum cow. It is also important to recognize that the 
postpartum uterus proouces large quan1tfties of PGF, so ex~nous PGF contributes very 11ttle to the amount of PGF 
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in the cow's system until after a corpus luteum has formed and its progesterone output is inhibiting the amount of 
PGF secreted by the uterus. 

Infusion of antibiotics into the uterus is useful in some circumstances, but their effectiveness is probably 
overrated. Moreover, antibiotic residues in milk can occur following infusion of antibiotics into the uterus,. so 
caution is warranted. In general, we have greatly reduced the use of intrauterine antiobiotics in our university 
herds and the reproductive performance has not been reduced. We believe that a better strategy is to monitor a 
cow's temperature, feed intake and milk production, and then give systemic antibiotics if they are indicated. A 
large-volume flush with sa11ne or an embryo-recovery medium may be useful for washing ~r:eumulated fluid and 
debris from the uterus and for promoting faster involution. Prostaglandins are also useful for dumping the 
contents of the uterus in cases of pyometra. 

If the rate of postpartum infusions in a herd is too high, then it is best to find out why and then to alter management 
to prevent infections in the first place. Not everyone agrees on what is too high, but I believe that one should be 
concerned if more than 1 0-15~ of cows are being infused after calving. Clearly if the rate is higher than this, 
some problem exists which needs correcting. 

SthnulaUng Cows to Cycle Sooner After Calving 

Most cows that calve without complications and are well fed will ovulate first during the second to fourth week 
after calving. In a study of 212 Jersey and Holstein cows, we (Fonseca, Britt, McDaniel, Wilk and Rakes, J. Dairy 
Sci. 66: 1128-1147, 1983) found that only six cows hoo failed to cycle by 45 days postpartum. If the percentage 
of cows that have not cycled by 30 days after calving in a herd is higher than 25~, then the problem is probably 
related to inadeQuate energy intake. This problem 1s likely to occur at a higher rate in first calf heifers that are 
running with older cows and as a result may not compete very well at the feedbunk. Meximizing feed intake as soon 
as possible after calving wm stimulate cows to cycle sooner. Villa-GoOOy et al. (J. Dairy Sci. 68, Suppl. 1: 179, 
1985) reported that energy intake, and not milk yield, was the most important factor contributing to negative 
energy balance in fresh cows. Maximizing energy intake requires a careful feeding program. 

Treatment of acyclic cows with GnRH between 1 0 and 20 days after calving will stimulate 75-1 00~ to ovulate 
within a few days. A single injection of 100 to 200 ug of GnRH is adequate. There are no other hormones 
currently ava11able that w111 g1ve a s1m11ar response. If cows have a functional corpus luteum during the third or 
fourth week after calving, then PGF will short-cycle these cows and result in more cycles before the breeding 
period. Bemrad and Stevenson (see above) gave GnRH, PGF or the combination to postpartum cows and reported 
that these treatments resulted 1n more cycles before the normal breeding period. cows that had more cycles before 
the breeding period bred ba::l< sooner. 

Cows that have pospartum uterine infections h~ a higher rate of prolonged corpus luteum function during the 
first cycle after calving. Usually the cycle is prolonged by no more than a few days. In some cases, the infection 
can develop into pyometra, and the corpus luteum wm be maintained for an extended period. Administrat1on of PGF 
is indicated in these cases. 

Cystic Ovaries 

Many cows will develop large follicles that may be diagnosed as cystic during the first six weeks after calving. A 
high percentage of these follicles will regress spontaneously, and treatment during this time may not always be 
economical. If cysts develop after the sixth week, then treatement is warranted. Either GnRH or hCG 1s 
recommended for treatment of cystic ovaries. Several recent studies have revealed that cystic ovaries occur at a 
higher rate in cows that experience periparturient disorders. Therefore, reducing the problems around calving 
can be benefic1al 1n alleviating cystic ovar1es. It 1s 1mportant to recognize that many cows wm have a large 



48 • fo111cle present on one rNary wh11e there 1s a corpus luteum present on that rNary or the contralateral rNary. Th1s 
is not an abnormal condition, and these cows should not be considered to be cystic. Normally, about 80~ of cystic 
cows will respond to a single treatment. Chronically cystic cows that have failed to respond to repeated treatments 
have reduced receptors for both LH and FSH 1n the rNar1es (Brown, Schoenemann anct Reeves, J. An1ma1 Sc1. 62: 
1 063-1071, 1986 ). These cows often show an enhanced response to FSH, apparent1y because the FSH stimulates 
growth of new follicles that can be rNulated with GnRH or hCG. 

Handling the Repeat Breeder 

One of the most frustrating problems ffl:ed by producers and veterinarians is the repeat-breeder cow. It is 
important to evaluate the rNerall conceptton rate 1n a herd before concluding that a repeat-breeder problem exists. 
If the rNerall conception rate in a herd is below 40jg, then more than 30~ of the cows in the herd will require 
three or more services before conceiving (Figure 1 ). Even with higher conception rates, some cows will require 
three or more services before conceiving. Therefore the definition of a repeat-breeder depends on the herd's 
rNerall conception rate. 
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Figure 1. PERCENTAGE OF COWS PREGNANT AFTER 1 TO 5 SERVICES 
WITH VARIOUS CONCEPTION RATES FOR THE HERD 

It is not clear why some apparently-normal cows fall to conceive after several services. Factors such as blocked 
rNiducts, delayed rNulation and poor quality rNa are often cited, but definitive studies of these problems are rare. 
In studies where embryo transfer has been used to evaluate the quality of rNa recovered from repeat breeders and 
where (JXXi-quality rNa have been transferred to repeat-breeders, tt has not been clearly shown that repeat 
breeders produce poor quality rNa or that they have significant1y lower fertility as recipients. 

In several studies, use of GnRH at thtrd or subsequent service has increased conception rates by 8 to 20~, but the 
reasons for this increase are not clear. Use of double inseminations or natural breeding for repeat breeders may 
be beneficial if semen quality or insemination techniques are thought to be a problem. 
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Early Embryonic Mortality 

In studies where frequent measurements of milk or blood pr()JBSterone have been used to estimate early embryonic 
mortality, results suooest that about 7 to 9~ of embryos die sometime between the third and fifth week of 
pregnanLY. Why these embryos die is unknown. It is now thought that the embryo signals the dam (recognition of 
pregnancy) about day 15 or 16 after breeding, and that embryonic deaths anytime after the second week following 
conception will cause the corpus luteum to be maintained beyond the expected time of regression. At present, we do 
not have good WfliiS of improving embryo survival. In some studies, use of hCG to stimulate increased progesterone 
production by the corpus luteum has shown minor benefits, but the effects certainly have not been dramatic. 
Toxins in uterine secretions and factors such as h·igh urea levels in uterine fluids have been implicated in 
embryonic deaths, but data in these areas are quite limited and not especially persuasive. 

M11k Progesterone Assays for Monitoring Reproduction 

Progesterone is found in milk and the LYClic changes of progesterone during the estrous cycle are reflected by 
cyclic changes In the amount of progesterone In mill<. Thus one can monitor the estrous cycle of cattle by 
measuring the progesterone concentration in milk samples. 

Several companies are beginning to market milk progesterone assay kits that are designed for use on the farm or 
at the local veterinary clinic. These kits should be useful for monitoring several aspects of reproduction. The 
ex~t Wfto/ that these kits should be used will vary among kits. In general, these kits are designed to be used on a 
fresh composite milk sample similar to the sample collected by the DHI supervisor. Only a small amount ( 2 to 5 
mls) of milk is needed. In most cases it will be possible to freeze this sample so that several samples can be 
assayed at once. The sample should be clearly labelled w1th the cow's ldenttf1cat1on and date. 

Accuracy of heat detection. Since progesterone is low at the time of heat, one can monitor progesterone in 
m11k samples collected on the day a cow is detected in heat to determine the accurocy of heat detectton. If heats are 
being detected accurately, at least 95~ of the cows should have low progesterone in the sample collected on the day 
of detected heat. The usual heat detection error rate in well-man~ herds is about 5~. so about 5~ of the cows 
called in heat in these herds are actually not in heat based on milk progesterone. If more than 5~ of the mllk 
samples collected from cows in heat are high, then steps should be taken to improve heat detection accurEK:Y in the 
herd. 

Response to treatments. Since many treatments are given to induce ovulation or alter corpus luteum function, 
m11k. progesterone assays are useful for evaluating responses. One example of how mflk. progesterone assays can be 
used to monitor responses to treatments involves the change in progesterone that occurs after cows are treated 
with one of the prostaglandins. Samples should be collected on the day of treatement and then at least twice 
afterwards, usually at 5 day intervals. A normal response would be a high level of progesterone on the day of 
treatment followed by a low level 5 days later and a high level at the second sample period 10 days after treatment. 

The response to treatments will vary considerably depending on the reproouctive status of the cow at the time of 
treatment and on the drug or hormone that is used. 

Irregular cycles and cystic ovaries. Normally, the level of progesterone in milk will fluctuate according to 
a regular pattern in cows that are cycling normally. For example, if a normal cow was sampled twice per week 
(i.e. Mondfl\1 and Thursday), then the progesterone pattern would be characterized by high values for four or five 
samples over a three week period and J.QW. values in the remaining samples. Patterns that differ considerably from 
this would indicate that the cow 1s hav1ng irregular cycles, perhaps from cyst1c ovaries. A cyctlc cow might have a 
consistently low pattern, a consistently high, or an irreoular pattern, depending on the type of cyst. Cows with 
uterine infections will frequently show b..i.gh values for periods of 3 to 5 weeks or until the infection is treated and 
the cond1tton Is corrected. 
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Pregnoncy. The progesterone 6SS6Y is useful for estimati'ng the percentage of rows that are pregnant at 3 weeks 
after breeding. It is important to collect the sample between 20 and 24 days after breeding to get reliable results, 
and the best procedure is to sample rows that have not been detected back in heat by 23 to 24 days after breeding. 
These rows should have high values if they are pregnant and low values if they are open. The accuracy of pregnancy 
detection ts only about 80 to 85~ because some cows w111 have a 0081:1 or ~ing embryo at the time of samp11ng and 
thus will give a false-positive result. 

Insemination Techniques, Semen Handling and Sperm Quality 

Several recent studies have suggested that some of the fert111ty problems that are being observed tn dairy herds are 
the result of improper insemination techniques. Producers that inseminate their own cows need to be retrained 
per1ooica11y through refresher courses. The AI organizations w111 evaluate semen placement by inseminators 
during these refresher courses. The site of insemination is the uterine bocty, and it is less than 1 inch in length, so 
misplacement of semen is probably more common than we have thought. One approach to evaluating semen 
placement 1s to record whether pregnancies are on the left or right side. Normally we expect to f1nd about 40~ of 
pregnancies in the left horn and about 60~ in the right. Large deviations from this in a herd mey indicate that 
semen placement is incorrect, especially if the overall conception rate is low. At least 100 pregnancies are 
required to get a reasonable estimate in a herd. In large herds with multiple inseminators, 1t is appropriate to 
evaluate each inseminator separately. 

Semen that has been handled improperly is irreversably damaged. In evaluating fertllity problems in a herd, it is 
important to evaluate semen quality and semen handling techniques. Most AI organizations will gladly evaluate the 
semen that ts stored in a farm tank if there ts reason to believe that tts quality has been reduced. lnseminators 
need to be reminded periodically about the importance of handling semen properly. 

If natural service is used on a farm, then the bull needs to be examined before use and routine tests for 
transmissable venereal diseases should be run. Bulls that are heat stressed because of high ambient temperatures 
or because of fevers w111 experience transient OOclines in fertility. It is often thought that conception rates are 
higher with natural service than with AI, but~ studies do not support this notion. It is important to remember 
that bulls will normally not breed rows that will not stand, but inseminators often inseminate rows that are not in 
heat because of errors in heat detection. Thus care should be taken in comparing fert111ty after AI or natural 
service unless it is certain that the comparisons are valid. 

Summary 

, Diagnosing and treating infertility problems in a dairy herd requires a thorough evaluation of the health, 
performance and management of the herd. Treating symptoms without knowing the causes of the problem does not 
usually provttil a satisfactory so1ut1on to the infert1Hty problem. 



THE MINNESOTA DAIRY INDUSTRY --

Impact of the Dairy Buyout Pro~::~ ram 

by 
Robert D. Appleman 

Extension Animal Scientist, Dairy Management 
University of Minnesota 

5.1 

t1innesota•s dairy industry isn•t as healthy as it once was; but it isn•t dead. 
For the past 10 years, milk marketing economists have predicted a dramatic 
decline in the number of Minnesota dairy farms (1, 2). One effect of the 
11 dairy herd buyout program .. was to bring expectations and reality closer 
together. · ---

Let•s first look at the national picture. While Minnesota lost more dairy 
farms to the buyout program than any other state (n = 2,150), thirty-five 
states lost a higher percentage of their total milk production. Relatively low 
levels of participation in the upper midwest suggests farmers feel dairying 
will remain viable, or at least dairying is superior to the alternatives 
currently available. On the other hand, buyout participation was considerably 
higher in the southeast and northwest U.S. regions where dairying has been 
booming (Figure 1). 

MILK PRODUCTION 
% DECLINE FROM BUYOUT PROGRAM 

~ = More than 14% (Top 15 States) 

~~~.~~·.f = 9 to. 13% (Middle 18 States) 

c=J' = Less than 9% (Low 15 States) 

1 
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One result of the buyout program, and one consistent with industry predictions 
(1, 2, 3), is the higher decline in number of dairy farms outside Minnesota•s 
dairy belt than within, where 70% of the state•s milk is already produced 
(Figure 2). 

%OFHERDSIN 

BUYOUT PROGRAM 

For dairymen located outside the dairy belt, it may mean that services wil 1 
become less available and probably more costly. Support services affected may 
include specialized veterinary care, feed and equipment suppliers, milk 
haulers, etc. Even the loan officer who is knowledgeable and supportive of the 
dairy farmer and his needs, wi 11 1 ikely be more difficult to find. 

The herds going out of production as a result of participating in the buyout 
program aren•t necessari 1 y the smaller herds (Tab 1 e 1), or even the 1 ower 
producing herds. Milk production per cow, in fact, remained virtually 
unchanged at 11,847 lbs. While Minnesota ranks 4th nationally in total milk 
produced, it ranks 35th in production per cow. 



Table 1. Distribution of herd sizes of successful bidders. 

Herd Distribution 

Remaining 
1985* Buyout in 1986 

Herd ··- ---------------- ---------·---
Size No. (%) No. (%) No. (%) 

·--- ----·--- --------~ -·-- -----
1-29 8,965 (40.4) 935 (43.4) 8,030 (40.1) 

30-49 8,191 (37.0) 813 (37.8) 7,378 (36.9) 
50-99 4,292 (19.4) 344 (16.0) 3,948 {19.7) 
100+ 720 ( 3.2) 58 ( 2. 7) 662 ( 3.3) 

Total 22,168 2,150 20,018 
(9.7%) (90.3%) 

--~------------------------

* Obtained from Kaiser and Hammond, Changing Structure of the M~nnesota 
Dairy Industry, adjusted to reflect 1985 total herd count (n = 22,168). 
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Minnesota•s remaining milk producers have an opportunity to continue to be a 
major producer of our nation•s milk supply. But to improve their profit 
picture, they must make cost of production competitive with that found in other 
milk producing regions of the U.S. Already there are indications that herd 
size is increasing more rapidly than in previous years. 

Future dairy farming systems in Minnesota need to focus on these five 
areas (4): 

1. Improving milk prices. 
2. Lowering investment levels per cow and per 100 lb of milk produced. 
3. Increase economic and labor efficiency. 
4. Increase specialization within or among farms. 
5. Positioned to optimize benefits of new technology. 

Minnesota Milk Prices 

Premium prices paid to producers for quality milk (low somatic eel 1 counts) and 
milk components (SNF or protein) can add up to $.60/cwt or more to the milk 
price received by individual producers. Changes in Federal Milk Order 
provisions could raise average al 1 milk prices from $.24 to $.50 per cwt and 
reduce regional U.S. price disparities. 

Investment Levels 

Much over-investment has occurred in the name of tax management during 
periods of favorable profitability. Generally, diversified farms that raise 
their feed for smal 1 herds in stanchion barn systems have higher investments 
per cow. Diversified dairy farms are typically oversized on field machinery to 
expedite crop production activities. The following indicators of prudent 
investment levels (Table 2) should help determine if investments are 
reasonable. 



Table 2. Indicators of prudent investment levels. 

Land--2.5 to 5.0 acres/cow 
Buildings--livestock, feed storage, machinery 
Livestock--cows and associated youngstock 
Machinery and equipment--livestock and crop 
Inventory and working capital 

TOTAL 
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Investment/Cow 
----- ---------------~--------

Reasonable 
Low Limit High 

$1,700 $2,850 $3,000 
1,000 1,250 1,500 
1,250 1,500 1,750 

750 1,100 1,250 
300 300 300 

----- ----- --------
$5,000 $7,000 $8,000 

Debt levels have become a serious problem on many farms in the face of 
declining prices and equity and increasing interest rates~ It is estimated 
that 26.5% of U.S. dairy farms own less than 40% of their assets and 40-50% are 
debt free. Guidelines for debt carrying ca~acity of cows are shown to help you 
assess the dairy farmer's situation (Tab 1 e 3). The debt a cow can carry 
depends on gross income per cow, number of cows, and operating expenses 
excluding interest, family living requirements, capital replacement needs, 
interest rates, length of loan, etc. 

Table 3. Indcators of debt carrying capacities. 
----------------------------------------

Production/cow (lb) 12,000 14,000 16,000 18,000 

$'s to service debt, $11.50/cwt milk: 

Interest (%) 

9 
12 
15 

Loan (yrs) 

20 
20 
20 

-$ 20 

(--

0 
0 
0 

--------

Economic and Labor Efficiency 

Debt Service Capacity ($) --) 

1,005 2,192 3,379 
936 2,043 3,149 
688 1,502 2,315 

-------------------·----

Milk output per cow, per man, and per dollar of input costs are important 
measures of efficiency.· Increasing output per cow above the current 11,847 lb 
state average or 15,854 lb Minnesota DHIA average should be a high priority. A 
recent analysis of Minnesota DHI records showed these five factors to have the 
most effect on increasing production per cow: 

1. Low number of cows with somatic cell counts above 280,000. 
2. Amount of grain fed. 
3. Percentage of cows with sires identified. 
4. Percentage of cows dry less than 70 days. 
5. High PO$ of cows• sires. 
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There are wide differences in labor required to produce milk on farms. A ful 1 
time equivalent (FTE) generally equates to 2,500 to 3,000 hours per year. How 
many pounds of milk are produced per FTE on Minnesota dairy farms? One should 
expect to market more than 500,000 lbs per FTE with stal 1 barn housing and 
raising feed for the cows. Free stal 1 operators should sel 1 600,000 lbs or 
more. If crops are not grown, more than 850,000 lbs per FTE should be 
expected. High production per cow is a key factor in improved labor 
efficiency. 

Specialization 

Diversification has often been used to avoid risk. However, as the 
requirements of knowledge, skil 1 and technology have grown, it has become 
increasingly difficult to be competitive. The most efficient dairies tend to 
be high 1 y speci a 1 i zed and more ski 11 fu 11 y managed. Many Minnesota mu 1 tip 1 e 
family farms have moved toward specializing within the farm by dividing 
enterprise responsibilities (dairy herd, cropping, equipment and machinery 
repair). 

Finding a More Profitable System 

Michigan researchers (Hlubik and Speicher) recently studied the potential 
profitability of some less traditional dairy farming systems for the upper 
midwest. 

System A- Traditional dairy farms raising all grains and forages. 
System B- Dairy farm raising forages and purchasing grains. 
System C- Dairy farm purchasing all feed -- no cropping. 

This study was initiated after noting that Michigan dairy farms lost money in 
crop enterprises 10 of 12 years but made money dairying 11 of 12 years. The 
results (listed in order of preference) are summarized as follows: 

System 8- Raising forage and purchasing grain ranked first or second in 
profitability at al 1 investment and production levels. It was a profitable 
option at investments above $1 mil lion (130 cows) with $12 milk and corn at 
$2.70 per bu. Variability of profit was greater than raising all feed. Profit 
potential isn•t substantially lowered, and the greater potential for more 
profit makes this the strategy of choice. 

System C- Purchasing al 1 feed was a viable system at milk prices of $12/cwt, 
corn price of $2.70/bu, production above 15,000 lbs milk, and investment levels 
above $1 mil lion (250 cows). High levels of prod~ction are most important in 
making this strategy profitable. It was the most profitable option at 19,000 
lbs milk. Changing milk and feed prices had the greatest impact on profit of 
the three systems. Purchasing all feed was the highest risk system (price & 
quality}. 

System A- Th'e traditional system of growing all feed was profitable at all 
production levels at investment levels above $1.5 million (160 cows}. This 
strategy was least variable with changes in milk and feed prices. 
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These results suggest that reorganization of dairy systems could substantially 
change farm profitability. Dependable low cost feed supplies, particularly 
quality hay forage, are obvious risk factors associated with purchasing feed. 
Minnesota weather inflicts substantial risk to dependable quality of dry hay. 
Hayl age forage systems .greatly reduces this risk but there are practical 1 imits 
on hauling distances. Crop rotation, including hay crops, are considered good 
soil management practices in most concentrated dairy areas of the state. 
Extended ongoing agreements with neighboring farms to raise the feed supplies 
has potential to benefit both the crop and milk producer. These agreements 
make provisions for quantity and quality of feed, application of manure, and 
possibly some feed storage. The crop producer gains the benefits of crop 
rotations, fertility from manure, and a dependable market. The milk producer 
can reduce investment costs {land and field machinery), improve size 
efficiencies and use of technology, and focus more specialized labor and 
management energies on being more productive. 
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The ailing agricultural economy has left few veterinary practices 

untouched. .From miserably low commodity prices to foreclosures and bankruptcies 

to the new dairy buy-out program, most dairy practit~oners are now feeling the 

"pinch" too. At our practice we have elected ROT to become involved in 

"sidelines" often chosen by veterinarians to supplement incomes such as feed 

sales or milking equipment checking. So far we try to work with these other 

agri-businesses as much as possible. I would like to pass along other ideas we 

have implemented to keep our practice moving in the right direction. 

I. Client Education 

In order for us as dairy practitioners to thrive we need our clientS! In 

order for our clients to survive they have to become better dairymen! 

Better clients ate educated clients. They in turn realize the importance 

of total herd health programs and that their veterinarian can make them 

money, not just spend it! These are a few ways we have attempted to 

educate our clients. 

A. Client Appreciate Day 

- held day-long seminars for all clients to .attend 

- s-peakers were membe~s of our staff, university staff and veterinary 

drug company representatives 

- noon meal and refreshments served 

mini-trade show with booths from 20 veterinary drug companies as well 

as our own clinic booth 

B. Newsletters 

- send out a monthly letter in statements . 
seasonal letters to targeted clients. 

- include educational information as well as information about clinic 

happenings (staff, new products, new equipment, etc.) 

c. Summer Seminars 

organized summer seminar for clients at a northern Minnesota resort 

(Friday noon through Sunday) •••• held first in August 1985 for swine 
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clients •••• plan dairy and swine joint meeting this year 

- Mornings spent in seminars 

recreational 

rest of weekend social and 

- clients paid resort's weekend package rate plus minimal seminar fee 

•••• all costs were tax deductible. 

II. Involvement 

Becoming more involved in our clients business is an important method of 

client education but has many additional benefits as well. The 

relationships we develop with our clients can be very unique compared to 

those clients develop with other agri-businesses. These relationships an 

be very beneficial for both parties. We can learn a lot about our dairymen 

and their operations if we take the time and initiative. 

A. Confidential Herd Information Sheet (see attached pages) 

this fact sheet has proven extremely helpful to see what is really 

happening in these herds and promoting herd health 

- presented to clients as our way of keeping several veterinarians in 

the practice aware of their operation and identifying areas to help 

them improve 

develops trust and loyalty between veterinarian and client 

important to point out areas of excellence and praise client 

B. Herd Records 

- it goes without saying that reviewing records is invaluable! 

- promote more record keeping and take the time to interpret them for 

clients. 

III. Relationship Between Veterinarian and Lender 

At this point we ha~~ been hearing clients grumble about lenders for at 

least the last 6 months. Our clients are being told to "tighten their 

be 1 t s 11 
• 0 f ten 1 enders t a k e a 1 o o k a t v e t e r in a r y expense s and a r e 

exasperated. They (lenders) can use some educating too. As of this 

writing we are planning to meet with area lending institutions to explain 

comprehensive herd health programs, record keeping, and our unique 

relationship with our clients and how we can be looked upon as an asset 

instead of a liability in the dairyman's financial picture! 



CONFIDENTIAL DAIRY HERD INFORMATION 

C 1 i en t Name :--------------------
Address : ---------------------------·---

Phone : -------·--------------------------Date: ____________ _ 

GENERAL HERD INFORMATION: 

Breed = 
-·----------·--~-

Registered or Grade? 
Number Adult Cows in Herd? 
DHIA? Y or ~ 

o. 
'O 

Average Milk Production = ________ lbs. (per r:ow per day) 
Rolling Herd Average = ________ lbs. 
Butterfat % = ______ (DHIA) _________ (Creamery) 
Somatic Cell Count = ___________ (DHIA) __________ (Crec::mery) 
AI or Bull Bred, or Both? (inseminator or self if AI?) 
Raise or Sell Bull Calves? 
Calf Identification? Y or N 
Type of Housing? Stanchion, Tie-Stall, Free Stall, Other 

VACCINATION PROGRAM: ---------- ---- (When done?) 

Virus (BVD, IBR, PI3) 
Lepta 5-way 
Clostridium 7-way 
Hemophilus somnus 
Mastitis Vaccine 
Scour Guard 3 
BRSV (Syncitial Virus) 
Triangle 3 
Vibrio 
Kasalgen 
Precon PH 
Calf Guard 
Brucellosis (Bangs) 

CALF REARING: 

cows HEIFERS CALVES ------· ------

Peed Colostrum by Hand? Y or N ::low often?------------------
Calf Facilities? _______________________________________________ _ 
Calf Fortifier at Birth? Y or N 
Spray Naval with Iodine? Y or N 

Specific lJ is ease Pro~::_ ems?-------------------------·-----------------
Medications Used? ______________________________________________ _ 

SEIFER REARIXG: 

Bacilities? 
Nutrition Program? 

- Separate Feeding Are a?---------· ----·- ---·--------------·-------·-----------
- Separate Ration?----------------------·------------------·-------------

59 
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- Feed Rumensin? Y or ~ 
- Condition Scor~ng? Y or ~ 

Breeding Program? 
- A;;e and Weight nt l~3t Breeding? ________ ·-·---·---------------------·----·---·----··--· 
- Bull or A=? 
- Calving Ease Bull? Y or ~ 
- Palpating for Pregnancy? Y or ~ 

Parasite Control? 
Deworm a~ Breedin~? Y or S 

- Deworm Prior to Caiving? Y o~ X 
- Dus~/Pour On for :ice? 

PARASITE CO~TROL: 

Just Cows for ~ice? Y or ~ 
Deworm Cows? Y or X 

- What Produr:t? 

How Often? 

- When?-----------·-----·-----·------------·---------------------·-------- ____ ------------

MASTITIS CU~TROL: 

Teat Dip? Y or ~ D .. +') , roaur-.. 

Udder Wash Product?-------------------------·----·-----·------·-----------------·------·---· 
Individual Towels to Wash? Y or 8 
Individual Towels to Dry? Y or ~ 
Forestripping? Y or ~ Strip Cup? Y or ~ 

Dry Cow Treat? Y or l\' Product?-------------·---·-·----------·-----------
Dry Cow CMT and/or Culturing? Y or X 
Bulk Tank Sampling? 

- Last Sample = -------·-·---------·-·------···--·-··-·-··-·----.. -··---·---··--·-------·------

- Res u l t s = ----------------------·------·------·-----·--·------·----------· 
Milking Equipment Checks? 

·- 3y ~'lih om?-·-·-----·--·--------·--·--·----·-··-·-.. -·-·---·---.. ·-·----------------·----.. ----·--··-

~umber of Injured Tea~s = 
Xumber of Mastitis Cases Annua 
Number of Cows Culled for Mastitis 
Mastitis Cases Cultured? 

- Organisms identified = 
- Sens i ti vi ty Results · ( Med·i~~-ti'~~;-i-;·~;d)·--;;---·-···-·-·-·-----------·-------

?.EP:KODCCTION: ------------· 

Heat :Jetec';:ion Methods and ~-:.;r.e Spent?--------------··------·-·----·----------
Calving In te rva 1. '-= --------------·--·---------·---

Conception Xate = 

9.; Repeat Breeders ("M;r:·e-tha_i1 ____ 2_serv.i'C88)-= 
Xumber of Retained Placentas = 
Number 
Xumber 
Number 
Xumber 

of 
of 
of 
of 

Cows Treated for Uterine Infections = 
Abortions = 

'--·---~~~--U"-"'·-·-.-- .. -- ~-,.·~-··----,.-~·-·•,_. ... _._.. __ 
Resorption s = --·-----·--------·· .. ----------.. - - .. ---

Cows with Cysts = -·---- .. ---.. -----··--·----------------
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~GTRITIOK: (Of Lactn~ing Cows\ 
--·-·--·-r __ _ 

Feed Analysis Done? Y or X 

- \vhe:·e 'I'estec? ----------------·-·------------- ----·----------·-·--------------- --------·-
;{oughages 5'pd':> -----------------··-----------······ 
Concentrate Fed? 

-------~---~----------------···----------
~oughage:Co~rentrate \, 0 ;:.-.: 

Top Dress High Producers? Y or \ 
Challenge feeding? Y or X 
:· .i.me & Frequency of 1:· eed.tng? __________________________________________________ ---·-·-·····--·-· -·---····-·-
Feed Acrording to Body Cond~tion as wel~ as ?rodurt:on? Y or ~ 

Specia.l feedi!1g Procedures? (Yt~igr~e·t -~ c ~:Ped~:;:" ~ Compute:,·:ized Feeding?) 

DRY cmv PROGRAM : 

Nutrtion Program? 
-- Feed Separately? Y or X 
- Lead Feeding? Y or ~ 

- Feed According to Body Condition? 

- What Roughages Fed.?-·-·--·--··-------··-····· ···-···-----·-····-----·----------·-·--·----·-----·-
- ~umber of Milk fevers? 
- Number of Cows with Udder Edema? 

Calving Pen? Y or S 
Vitamin E. Selenium & ADE Injections? Y or K 

DISEASES: 

Disp:a~ed Abomasum 
Pneumonia 
Dysentel'Y 
Foot Problems 

# Cm'lls 

- ?eet ;rimmed Roc~~nely? v or X 
Off Feed Cows 

KAISING STEERS: ------·-· .. -·--~--·-· 

Implant? Y or ~ 
Deworr::? Y or !\ 
Rumensin/3ovater? Y or N 
Pour On for Lice? Y or K 
Va~cinate? Y or N 
Separate from Heifers? Y or ~ 

CGLLING: 

Reasons for Culling? 
- Pt'odu~tion 

- Feet/Leg Problems 
- Mastitis 
- Gdder/Teat Problems 
- Reproductior.. 
- DA's 
- Death 
- Other 

# Cows 

~J~ of Eel'"'d --- ------ --·---··-

~h of Herd 
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It is a considerable time since a detailed report of reproductive performance 

in Minnesota dairy herds was published (Zemjanis et al 1969). Since that 

time, new products and technologies have been introduced which result in an 

increase in the options available for the herd manager who seeks to improve 

reproductive performance and control in dairy herds. New therapies which have 

become available for reproductive disease have been shown to be successful in 

controlled studies. It is therefore time that a new look is taken at 

reproductive performance in Minnesota herds to determine if improvements have 

occurred. Another and perhaps more important reason to determine current 

performance levels is to identify the areas in the reproductive management 

system where improvements can continue to be made. It is hoped that 

information presented in this paper may provide some basis for comparison when 

veterinarians are evaluating the reproductive performance of herds which they 

serve. 

Materials and Methods 

Operation of the Minnesota DairyCHAMP data labo~atory has allowed the 

collection of information on a number of herds in Minnesota and nearby 

Wisconsin as a matter of course, as a result of the operation of the program 

to provide support to veterinarians supplying reproductive herd health program 

services to these farms. Information collected for the year from July 1st 

1984 to Jun~ 30th 1985 has been analyzed. This provides a measure of the 

levels of performance achieved in th~ 21 dairy herds which had complete 

information available for analysis in the year. Information on key indices of 

reproductive performance have been extracted from the Annual DairyCHAMP 

reports and have been summarized in this paper. The values reported are herd 

mean indices. 

It is worth noting that the information presented in this paper was extracted 
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from DairyCHAMP Annual and Monthly Reports in approximately 1/2 day. The 

analysis of herd records was done as a part of the routine operation of the 

DairyCHAMP data laboratory. 

Records Required for an Evaluation of Reproductive Performance 

Ideally the records required to allow thorough reproductive analysis and 

monitoring in a dairy herd should include the cow's identification, age or 

birth date and lactation number. The sire and dam of each cow should be 

listed and a vaccination history for each animal. Calvings and the ease of 

calving should be recorded, including the date of occurr.ence, the number, sex 

and identity of calves and any assistance which is given. Peripartum diseases 

and treatments should be noted. All heats should be recorded and the reason 

for not breeding cows when service is withheld. Services should be recorded, 

including whether natural or artifical, the sire identification and the 

inseminator for artificial services, along with breeding dates. 

Any discharges from the reproductive tract, their nature and the date of 

occurrence should be recorded. All diseases and injuries which are diagnosed 

and treatments - including therapeutic, preventive and managemental treatments 

such as estrus synchronization. 

The dates of reproductive examination and uterine and ovarian findings should 

go into the cows' records, especially the diagnosis of pregnancy. The status 

Qf cows can also be useful in making management easier for the farmer eg. 

whether the cow is pregnant, calved and not bred or bred and not diagnosed 

pregnant. Information on whether a cow is dry or lactating is also essential 

to aid in formulating a prognosis and recommended course of action for a cow. 

For example, if a cow is open and dry she should be culled unless exceptional 

in some way. If the cows are run in groups, the group affiliation should also 

be recorded. The final information on any cow's record should be the method, 

date and rea'son for disposal. 

For the farms included in the analyses which 'are reported ~ere the potential 

to record most of this information exists. However the information recorded 

is somewhat variable in the degree of detail. Certain information has been 

recorded with a high degree of accuracy including calving dates, repioductive 
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problems in the peripartum period, service dates and the examination results, 

and diagnosis and treatments by veterinarians which occured at regular 

reproductive health visits every 2 or 4 weeks. 

Performance Related Reproductive Indices 

Important measures of herd reproductive efficiency which are related to 

productivity are the calving interval, the proportion of the herd calving and 

not calving in a year, and the culling rate. These indices are related to the 

amount of milk produced and to the number of replacement animals or animals 
" " for sale which are available and required in herds. 

The calving interval is a production related index, but it has several 

weaknesses when used as an index of herd fertility. The calculation of the 

calving interval requires that either all cows in the population have 

re-calved and the retrospective calving interval is studied or that a 

population is defined and the subsequent calving interval is calculated 'after 

all cows in the population recalve. The former method ensures that records 

will be slow in reflecting any positive changes in herd performance because 

the index is looking backwards from a point in time, whereas the latter method 

must wait for calculation until all cows recalve. An alternative index which 

reflects the same factors in reproductive performance is the calving to 

conception interval which has the advantage of being able to be calculated as 

soon as cows in the population conceive. A disadvantage is that if cows don't 

conceive they are excluded from the analysis of the index and may thus cause 

bias in the result. Calving to conception interval differs from calving 

interval by a small amount due to prenatal loss and abortion, but in studies 

conducted by the author the two indices remain extremely highly correlated. 

A factor requiring consideration when evaluating a herd's performance, is the 

proportion of the herd'which is excluded from analysis in the population being 

evaluated.' If the analysis being undertaken is of the reproductive 

performance of all cows calving in a year, then some account needs to be taken 

of the cows which are (or were) in the herd but which did not calve in the 

year being considered. 

The proportion of the herd calving in the year was calculated as the number of 
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calvings divided by the average herd size. The proportion of the herd which 

did not calve in the year was calculated as the number of cows 1n the herd 

which were present in the herd for the full year under review and did not 

calve in the year, divided by the average herd size. 

Calving (or calving to conception) intervals, the proportion of the herd 

calving and culling rates reflect the final outcome of the factors influencing 

herd fertility. While they do relate to productivity, they do not aid the 

identification of problems causing inadequate performance. 

Diagnostic Reproductive Indices 

Some indices are indicative of biological or managemental performance in areas 

of the reproductive process. Calving interval depends on a farmer waiting for 

a certain period after calving, detecting a cow in heat, then breeding the cow 

until she conceives. The gestation length is relatively standard unless there 

is a high incidence of abortions or induced calvings. Herd calving intervals 

can be influenced by culling, since if all poor performers are culled, calving 

intervals may be kept low - thus masking a reproductive problem. The 

underlying reproductive problem would be indicated only by a high culling rate 

of open cows. 

To document performance and identify problems beyond the level of excessive 

calving interval or excessive culling, other indices can be derived from 

records if adequate information is available. In analyzing records, a defined 

population should be used - for example, unless it is stated otherwise, all 

cows calving in the defined year is the base population used in this study. 

All records from the total population have been included and not the records 

of only those cows remaining in the herd. If analyses are done only on the 

records of cows which remain in the herd, biases will undoubtedly occur since 

the group which remains will be a selection of the better performing cows. 

Thus if cull'cow records are removed before analysis then performance will 

almost certainly appear better than it really was. 

The calving to service_interval separates pre-breeding from post-breeding 

factors in reproductive efficiency. It is influenced by the occurrence and 

observation of estrus, the maintenance of records and the farmer's policy 
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regarding breeding cows at observed heats. If calving to service intervals 

a.re short (65 day herd average or less) then it is likely that the occurrence 

of estrus, its observation and the breeding management policy are compatible 

with efficient reproduction. Attention can therefore be shifted to factors 

operating at or after breeding. If intervals to breeding are long then the 

occurrence, observation and recording of estrus need to be investigated. 

Indices of the occurrence of estrus are the gstrus detection rate which is 

defined as -
________________ £L__, ____________ _ 

X 100 • 

Average interval between heats 

An index of the occurrence and detection of heat is ~he propgrtion of cgws in 

heat by 60 days after cal~ing. 

The influence of a farmer's decision to delay breeding can be documented as 

the mean interval from a heat detected at a time when service would be 

reasonable (>50 days postpartum) until service is given. This delay is due to 

policy and has been called· deferral inter.Y.a.l by the author. 

If intervals to service are satisfactory, but intervals to conception are 

still long, this indicates a problem in conception rate or a failure to 

observe estrus or to rebreed previously bred cows. Estrus detection problems 

after breeding will be revealed by low proportions of cows pregnant at 

pregnancy diagnosis. 

diagnosis. 

They will however be cycling and normal at pregnancy 

Conception rate (or really diagnosed pregnancy rate) is influenced by cow, 

male and management factors. Cow factors may include inadequate rations which 

are generally associated with low milk production and excessive changes 1n 

bodyweight. Infectious diseases may be implicated and histories should be 

checked regarding vaccination status and other signs of disease to guide 

diagnostic efforts if conception rates are low. Analysis by group and age may 

help to define problems. Infectious problems may be associated with genital 

discharges. Nutritional problems are frequently seen as low conception rates 

associated in the herd with anestrus in other cows which have inactive 

ovaries. 
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Bull factors include the variation in fertility which occurs between 

individual sires and artificial inseminators, semen handling variations, 

artificial service technique, and semen batches. Low performance when 

analyzed by one of these variables, may indicate a problem due to one of these 

factors, however, for a 5% difference in conception rate to be significant, 

more than 200 services per bull are needed. First service conception rate 

gives the least biased estimate of bull factors. If many services are given 

to a few cows, then overall conception rates may be depressed due to problems 

in a few cows, but such biases are excluded from first service conception 

rates. 

Some management factors influencing conception rate are the interval from 

calving to service and the interval from estrus detection to service. Farmers 

sometimes complain of poor conception rates may be explained solely by early 

breeding at intervals after calving at which conception rates are expected to 

be low. Heat detection, breeding technique and herd nutrition a~e also 

management factors, which may be observed as signs which must be distinguished 

from sire or cow effects which also may cause depressed conception rates. The 

number of services per conception required for cows conceiving is another 

measure of conception efficiency. 

A key index of herd fertility is the a~e at first calving. The ideal age at 

first calving is commonly accepted as being 24 months. A prolonged interval 

to first calving can have a depressing effect on the overall reproductive 

efficiency of a herd. Many herds have prolonged mean intervals to first 

calving but few have sufficient records to enable the reasons to be 

determined. A study of heifer growth and reproductive performance in some 

Minnesota herds is currently in progress and although funding has been 

discontinued by the Research Committee of the Veterinary College for this 

project it is hoped that the project can continue long enough to provide some 

baseline information on heifer growth in some Minnesota herds including 

information •on the age at first calving. Only a few DairyCHAMP herds whose 

information is used in this study currently utilize the heifer monitoring 

program. 

The pre~nancy loss rate (the proportion of the herd which is diagnosed 

pregnant and then is found to be non-pregnant at subsequent examination) is a 
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reproductive index which may reveal a subclinical problem of prenatal death 

that would otherwise go undetected by a farmer. Investigation of such a 

problem needs to proceed in much the same way as for any abortion 

inv~stigation. 

Results and Discussion 

The mean size of the herds included in the study of reproductive parameters in 

1984/5 was 56 cows with the herds' size range being from 27.3 to 191.0 cows. 

The mean of the herd mean calving to conception inte~vals for the herds 

studied was 107 days with a range of from 91.2 days to 137.1 days. The mean 

of the modal calving to conception intervals was 99.8 days. The range in the 

modes was from 81 to 131 days. Ideal calving to conception intervals are 

around 85 days for individual cows but herd means of around 90 days are ideal 

due to the skewed nature of the interval. Modal calving to conception 

intervals of 85 days are a suitable performance target. 

The overall culling rate from the herds was 27.7%, with a range of from 15.3% 

to 51.2% of the mean herd size. Culling policy can influence the value of 

reproductive parameters in herds, especially calving and calving to conception 

intervals if all of the cows which have difficulty in conceiving are culled. 

The number of calvings in the year generally exceeded the mean herd size with 

the average number being 9.6% greater than the average herd size and the 

proportion of cows calving ranging from 72.1% to 126.9% of the mean herd size. 

This index is influenced by the numbers of heifers calving into the herd and 

also by the numbers of cows which calve twice in the year being reviewed. 

The proportion of the herd which did not calve in the year averaged 10.2% with 

a range of from O% to 24.9%. Since these cows are not included in the 

analyses of performance they may represent a major source of bias in the 

reproductive indices of some herds for the year under review. The proportion 

of cows which do not calve in any single year in a herd should be less than 

10% of the herd based on the fact that this was the average performance 

achieved in the DairyCHAMP herds. 
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The calving to service interval is an index of reproductive performance which 

provides a useful starting point for evaluating specific areas of herd 
\ 

reproductive performaqce. The mean calving to first service interval in the 

DairyCHAMP herds was 79.9 days with herd average intervals ranging from 68.2 

to 113 days. The median interval to first service for herds was 75.1 days 

with a range from 59 to 103 days. These intervals seem somewhat long if the 

intention is to achieve a 12 month mean calving interval, given expected 

conception rates in North American herds. 

Estrus detection may influence the calving to service interval considerably. 

The mean estrus detection rate for the herds was 64.6·% with a range of from 

46.9% to 85.4%. The target level of performance for this index is 85%. A 

measure of the occurrence and detection of estrus is the proportion of cows 

which are seen to be in heat by 60 days after calving. The mean proportion 

showing heat by 60 days after calving averaged only 48.3% of cows in the 

herds. The range in this index is great, being from 11.1% to 87.5% of cows 

detected by 60 days. The wide range in performance in this index is due in 

large part to the fact that in many herds, prebreeding heats are not recorded. 

This means that many of the farmers in these herds are paying to have cows 

examined unneccessarily because they don't record heats. Recording of 

prebreeding heats helps to establish that normal cycling is occurring without 

the expense of veterinary palpation if the farmer is diligent at observing 

heats. If cows are not cycling normally then recording of all pre-breeding 

heats wil:( help to identify the prob"lem. 

Deferral of service occurred in 11.8% of intervals following calving. The 

mean deferral length for all herds was 27.9 days. This was calculated to 

extend intervals from calving to conception for cows conceiving by an average 

of 4.6 days. This represents the saving in calving interval which could be 

made simply by convincing farmers to breed at all heats which they detect and 

note already at more than 5'0 days after calving. 

The proportion of cows which are detected to be pregnant when presented for 

pregnancy diagnosis is a measure of estrus detection efficiency after service. 

In the herds studied the proportion of cows which were found pregnant at 

pregnancy diagnosis was 72.9%. This index of estrus detection after breeding 

is higher than would be expected given the proportion of cows seen in heat by 
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60 days and the estrus detection rates reported ab~ve. This is explained in 

part by the failure to record all prebreeding heats by some farmers. 

The first service conception rate for cows receiving first services in the 

year of analysis was 45.8%. Individual herd first service conception rates 

ranged from 17.2 to 66.7%. The conception rate to all subsequent service 

numbers averaged 43.1% with a range from 19.6 to 90%. The range of services 

required per conception for cows which conceived which was observed in the 

subject herds was from 1.4 to 3.0 with a mean of 2.0. 

The pregnancy loss rate ranged from 0% of the average herd size for 6 herds to 

a high of 19.1% in one herd. TI1e mean abortion rate expressed as a percentage 

of average herd size was 6.1%. In the analysis abortions were divided into 

those occurring at less than 4 months, 4 to 7 months and greater than 7 

months. The proportions of abortions in these gestation categories were 66%, 

17% and 17% respectively. 

Conclusion 

The reproductive performance of herds participating in DairyCHAMP in the 

1984/5 year varied considerably. In no area of performance did the average 

performance of the participating herds meet commonly cited performance 

targets. Median intervals to conception are somewhat extended at close to 100 

days, with the mean being 107 days. One way of reducing these intervals 

somewhat would appear to be to simply improve estrus detection to allow cows 

to be bred earlier. Deferral of service should also be discouraged because 

this practice contributed 4.6 days to mean calving intervals in the herds 

studied. 

Methods to improve herd conception rates would contribute to improved herd 

reproductive performance. Conception rates observed are similar to those 

reported fro~ other parts of the USA and from previous studies in Minnesota. 

Heat detection rates are better than the 45% reported for Minnesota DHIA 

herds, but could be improved further. There seems to be a need to convince 

farmers to watch for and record all post calving heats. 

This paper provides a source of information on observed reproductive 
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performance in some Minnesota herds subjected to systematic examination and 

monitoring. The information for the herds has been collected, stored and 

analyzed in a consistent and defined way using the DairyCHAMP Computerized 

Health And Management System for dairy herds. 
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Failure to detect cows in heat r.a:ounts for about 70~ of the days lost in getting cows bred at the appropriate time 
during the postpartum perioct. Several factors contribute to heat detection fai1ure. Perhaps the most important 

factor is that fa11ure to detect heat 00es not lead to immediate losses in m111< production or in a noticable loss in 
income. The economic losses that occur because of failure to detect estrus are subtle and are displ~ by several 

weeks or months from the time at which the heat detection failure actually occurred. other factors that affect heat 

detection are the changes in herd size and types of housing that have occurred over the past several years. Herds 
are now larger and ut111ze more automat ion, so there is less labor available to observe cows. More cows are now 

housed in confinement, and this reduces the amount of sexual activity that is displayed by cows in estrus. The 

average duration of estrus is less than 15 hours, so careful and frequent observation is important if heats are to be 

detected. 

When do cows start cycling after calving? 

Most well-fed, healthy cows will ovulflte first about 3 weeks 6fter pflrturition. If cows flre underfed and are 

exper1enc1ng a severe negative energy balance or if they have experienced clinical problems during or immediately 

after parturition, then the interval to first ovulation will be longer. Expression of estrus increases as the 
postpartum period increases (Table 1 ). In general, the rate of estrus detection increases until about the third 
postpartum c.ycle, and then remains relatively constant thereafter. This increase in expression of estrus during 
the first three postpartum c.ycles is probably related to differences in the pattern of ovarian steroid secretion 
dur1ng these first three c.ycles. The expression of estrus in response to elevated levels of estrogen is enhanced if a 
cow has been primed with progesterone. The first postpartum ovulation occurs without prior exposure to 

progesterone from a corpus luteum. Thus failure to show intense signs of heat at the first cycle is probably 

because of this lack of progesterone priming before the first postpartum rise in estro;Jen. Sim11ar11y, the level of 

progesterone secretion between the f1rst and second postpartum ovulat1on 1s lower than between the second and 

third ovulation, so progesterone priming also may be important at this tim~. The fact thot it takes about three 

postpartum cycles before intensity of estrus reaches a peal< is relatively unimportant 1n most cows because the 

third c.ycle still begins at about the eighth or ninth week postpartum, which corresponds to the beginning of the 

opt1mum postpartum breeding per1od. 
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Table 1. Percentage of Holstein and Jorssy cows detected in estrus at tho first five postpartum 
cycles. a 

Holste1ns Jerseys 
Cycle 
number No. of cows I detected No. of cows :t;detected 

96 12 116 47 

2 96 31 114 68 

3 96 40 110 83 

4 82 52 95 84 

5 53 64 52 85 

8 From Fonseca et aJ., J. Dairy Sci. 66: 1128. Cycles were monitered by assay of progesterone in blood samples 

collected twice weekly. Detection percentages refer to the proportion of cows that were detected by standing estrus. 

What role do herdmetes play in detection of estrus? 

It 1s common to blame the cow that 1s supposed to be 1n heat for not showing "strong" signs of heat. However, we 

should not forget that herdmates must be wHling to mount the estrual cow if we are to detect her tn heat. Our 

recent studies show that there are major differences among herdmates in their mounting activity, and these 

differences are assooiated wtth st~ of the estrus cycle of the herdmate (Table 2). Herdmates that are approaching 
estrus or are in estrus mount estrual cows at a much h1gher frequency than herdmates that have !J)ne out of estrus 
or those that are in the luteal phase. In our stuct-{, we found that when a heifer was tn heat, she was mounted only 
2.3 times during a 1 hour obServation perioo if there were no herdmates apprca:hing estrus or in estrus. In 

contrast, when two heifers were in estrus during the same hourly observation, eooh was mounted 7 times. Thus 1t 

seems important to have at least two sexually act1ve animals 1n the group at any po1nt tn time 1n order to maxtmtze 
mount1ng activity. From a practical point of view, it is important to have open, cycling animals housed together 

and the group should be large enough to have two animals in or near estrus eooh day. Alternatively, 1f the group ts 

small, then it is appropriate to utmze hormone treatments such as PGF or PRIDs to induce several animals to cycle 
together in order to improve heat detection. 
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Table 2. Percentage of mounts mode by he1fers ot different stages of on estrous cycle.8 

s~ of estrous cycleb 

Pre-estrual 

Estrual 

Post-estrual 

Luteal 

Percentage of he1fers 

at that stage of cycle 

15.4 

8.8 

27.5 

48.3 

8 From Helmer and Brat, J. Da1ry Sc1. 68: 1290. 

Percentage of mounts made 

by heifers at that stag:! 

18.9 

66.9 

9.0 

5.2 

b Stages were determined by measurement of bloOO progesterone rNery 6 hours. Pre-estrual represented the 

perioo between regression of the corpus luteum and onset of estrus; estrual represented standing heat; 

post-estrual represented the interval from the end of heat until pr~terone increased to above 1 ng/ml; and 

luteal represented the perioo when a functional corpus luteum was present. 

Does level of milk yield affect expression or detection of estrus? 

Dairymen complain that it is difficult to catch the high producing OON in heat, but little data are available to 

support their be11ef. In fact, Laben and .coworkers ( 1982) found that the highest producing da1ry herds tn 

California hed fewer days open than herds that proouced at lower levels. They suggested that go00 managers were 

nble to mnintnin ~ reproductive performance in high producing herds through better efforts in hent detection. 

In a study w1th 212 Jersey and Holstein cows, we (Fonseca et al., 1983) equally divided cows into four production 

groups based on milk yield during the first 70 days postpartum. The highest producing Holsteins averaged 19,972 

lbs of m11k per lactatton and the highest proouc1ng Jerseys aver~ 14,626 lbs. There were no d1fferences among 

the four production groups in each breed in the rate of heat detection, but heat detection rate was higher in Jerseys 

thtm in Holsteins (Table 1 ). Thus there may be breed differences in expression of estrus. 

In a subsequent study, we (Britt et al., 1986) ovariectomized high producing Holstein cows about 4 to 6 weeks 

postpartum and then challenged these cows with pri)JeSterone and estr()Jen to induce estrus six times during the 

postpartum perioo. We found that level of mill< production during 5 days prior to each challenge did not affect 

expression of estrus. 
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II') situations where high prrouc1ng cows are in severe negative energy balance during the postpartum breeding 
period, then it is likely that failure to detect heat is associated with true anestrus rather than failure to exhibit 

estrus behaviour. 

Do footing conditions and foot prob1ems affect heat detection? 
In a recent study, we evaluated how the surface on wh1ch cows were observed affected both mount1ng and standing 

activity. High producing Holstein cows, housed in confinement, were ovariectomized and then challenged repeatedly 

with progesterone and estrogen to induce estrus during the postpartum period. Cows were observed for heat every 

8 hours after ~h challenge. At eoch observation, cows were watched for 30 minutes on dirt and for 30 minutes 

on concrete. Rate of detection, duration of estrus and amount of mounting and standing activity were higher on dirt 

than on concrete (Table 3). We conclude that the surface on which cows are allowed to interact has a profound 

effect on expression of estrus. From a practical point of view, this research indicates that movement of cows to a 

dirt or grass lot for detection of estrus should improve heat detection rate. 

Table 3. Estrous behwtor of cows on d1rt end concrote.8 

Location 

Item Dirt COncrete 

No. of observat1onsb 69 69 

Percentage detected in heat 91.3 76.8 

Duration of estrus, h 13.8 9.4 

Mounts per 30 minutes 3.7 2.5 

Stands per 30 minutes 3.8 2.7 

8 From Britt et al.. J. Dairy Science (submitted for publication). 

b Ovariectomized lactating Holstein cows were tr"eated repeatedly with progesterone and estrogen to induce estrus 

s1x t1mes during the postpartum pertod. Cows were observed for estrous behavtor on d1rt and concrete rNery 8 h 
after each challenge. 

McDaniel and collefWJues ( 1984) evaluated how length and angle of the hoof are related to reproductive 

performance in dairy cattle. Their studies revealed that cattle with long hooves and shallow hoof angles had more 

d6ys open than cattle wtth better feet. In practice, a regular program of foot tr1mming and use of a foot bath ( 5~ 

copper sulfate solution) to reduce lesions on the soles of the hooves should improve heat IEtection. We recommend 

that dry cows be housed on dirt or grass lots so that hooves have an opportunity to become toughened before starting 
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a new 18::tation. 

How should heat detectton ahls be· used? 

There are several aids available for improving heat detection. Most of these aids are beneficial for supplementing a 

well-organized observation program, and they should not be considered substitutes for observation. 

Heat expectancy record. This aid is a 21-day calendar that is useful for predicting the date of next expected 

estrus if a previous estrus date is known. In larger herds this can be done with microcomputer programs rather 

than a wall-chart. This type of aid is useful for diagnosing heat detection problems in a herd because itcan be used 
to estimate the percentage of heats that are detected. In this regard, it is important to record every heat on every 

cow regardless of whether the cow 1s 1nsaminated. 

/1ount detectors. These aids include the rump mounted heat detection patches and the marking crayon or tail 

patnt products. In an cases, these are designed to show that the roN has been mounted, but th1s 1s not absolute 
proof that the cow, is in heat. The error rate with these products is generally 1 0 to 201, indicating that some 

mistek.es are mfl.le if these aids are not used in conjunction with good heat detection records and~ judgement. 

These products are most useful when the cows can be observed closely eoch day to see if the patch has been activated 
or that the crayon or paint is smeared. In dairies with self-locking headgates at the feeding bunk, the rumps of 

cows can be viewed closely eech d8y to determine if the aid has been activated or the paint or crayon mark has been 
smeared. In f~t. these aids require close daily observation in order for heat to be detected EK:Curately. Another 

good use for these aids is on the "hard to catch" roN. Cows that have not been detected in heat by careful observation 

can be f1tted wtth a patch or marked w1th a crayon or pa1nt and then watched closely for the next heat. 

Detector anim81s. Cows or heifers can be treated with testosterone or steers can be treated with estrogen to 
induce increased mounting activity. Treated animals show increased sexual activity and serve as a continuously 
sexually-active an1ma1 in the group. Cows or heifers to be treated should be non-lactating, of medium size and 

w1th (JlOd feet and legs. Cows or he1fers should be primed w1th a testosterone proouct at the rate of about 200 mg 
three times weekly for 2 to 3 weeks. Then the mounting activity can be maintained by giving about 400-500 mg 

of the testosterone product f!Nery 2 weeks or "to effect". Steers should be given ebout 8 mg of en estrtldiol 

conjugate per 250 kg of btxty weight per week. Steers treated with estrogens wm not show introm1sston, so there 

is no problem in the transfer of disease from row to cow. If detector animals are given free access to the feed bunk, 

they will fatten quickly, so their normal usefulness is about 1 year. 

Electronic devices. Some new devices for monitoring activity ( pemmeters) are being developed for heat 

detect1on. Cows that are In heat are more active, and th1s is Indicated by the output of the electronic act1v1ty 
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mon1tor. These devices need to be monitored daily to identify animals that are in estrus. Devices (probes) for 
measuring vaginal conductivity can be used to predict when estrus will occur, but these require that the probe be 

inserted into the vagtna da11y to mon1tor changes 1n vag1nal conduct1vity. The electron1c monitors requ1re that the 

daily reming be expressed as a B:lv1ation from previous readings made on the same cnw, becaues there are 

differences among cows in the basal ootivity. 

Nilk progesterone assays. Cowside milk progesterone assays are useful for determining the accuracy of heat 

detection and for finding "hard to catch" cows. Milk progesterone is low on the day of estrus, so collection of 

samples from cows identified as being in heat can be used to estimate the accuracy of heat detection on the farm. 

Normal heat detection error rates are less than 1 0~ with {JlOd heat detection programs. If the milk progesterone 

8SS6Y shows h1gher error rates, then steps should be tal<en to Improve heat detection methods and the accur~ 

should be monitored to see 1f error rate declines. Milk samples can be tal<en daily during the perioo before 

expected heat to identify oows that are coming 1nto heat. Inseminations based solely on a drop in progesterone have 
I 

given reasonably good fert111ty. but t1m1ng of samp11ng and 1nsem1nat1on must be scheduled properly. Cows that 

have ovarian disorders such as cyctic fo111c1es may exhibit irregular progesterone profiles that are difficult to 

interpret. 

Who should check for heat and when should cows be checked? 

Oood heat detection is an art. Experienced dairymen recognize many changes in a cow's behavfor before onset of 

estrus. All individuals who work with cattle on a farm should be trained in the art of heat detection. It is 

important to recognize that a cow will stand to be mounted for only a few seconds, so continuous, coreful 

observation ts necessary durtng the heat detection peri()(i. Cows that are approochtng heat w111 show an increased 

interest in mounting other cows, they will be more nervous and more active, they will show h600-to-helll 
>, 

interlclions with other cows 8nd they mey discharge clear mucus from the vulva. We found that over 851 of cows 

that attempted to mount other cows from the front were in heat. So front-mounting is an occurate secondary sign 
of estrus. Symptoms such as decreased mi11< yield should be used cautiously to identify cows in heat because many 

factors can cause a drop in m11k yteld. 

~tle should be observed during periros when they are not distracted by other activities and when they are free to 

intertM}t. Observotions should not be m008 after feeding or when cows are crowded in tm alley or holding pen. The 

best t1mes to observe cows for heat are early ln the morntng, during mid-afternoon and during the early evening. 

Each heat check shotild last a minimum of 30 minutes. Movement of cows to a different looation for detection of 

heat will promote increased mounting r£tiv1ty and may enhance heat detection efforts. 

Why is heat detection important for timing insemination? 

We now know that ovulation occurs about 25 to 30 hours after the preovulatory surge of luteinizing hormone 
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( LH). We also know that the preovulatory surge of LH occurs in most cows very near the onset of estrus. Thus it 

is important to have a gocxJ estimate of when heat begins in order to schedule insemination at the proper time. The 

best recommendation for timing insemination is still the AM-PM method where cows detected in the morning are 

bred in the afternoon or evening and those detected in the afternoon or evening are bred the following morning. 
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I. INTRODUCTION 
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It is with some reluctance that I begin to write a paper about 
embryo transfer. Every three months, I receive the International 
Embryo Transfer Society Newsletter with a bibliography of new embryo 
transfer articles that usually runs for 30 or more pages. One 
wonders if anyone can benefit from yet another article. Yet my 
assignment is to comment on embryo transfer as part of a general 
practice activity and there may be a useful purpose served here. 
My perspective is that of a dairy practitioner in a mixed animal 
practice. My concerns are that embryo transfer services contribute 
to my practice life and economics, and that embryo transfer services 
contribute to my clients dairy herd production programs. 

II. IMPLICATIONS FOR PRACTICE LIFE AND ECONOMICS 

I am not a transfer station blueblood. At any given moment, I 
am as likely to be found manipulating a retained placenta as I am an 
early blastocyst. I have reviewed my embryo transfer activities of 
the past calendar year in terms of practice time, number of clients, 
results, costs and income. 

A. Practice time 

Seventy-six cows were superovulated and collected on 41 working 
days. This represents about 17% of my professional time. 

B. Client activity 

This work was done for 20 different clients. Fifteen of these 
clients were long time clients of my practice and were purchasers of 
other services. Five were new embryo transfer clients only. The 
distribution of superovulations was as follows: 

Superovulations 
per client 

I 
2 
3 
4 
5 
6 
9 

22 

Number 
of Clients 

8 
4 
l 
l 
2 
2 
l 
l 
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It is worth noting that about half of the embryo transfer services 
were purchased by 4 clients. The average distance traveled to 
perform these transfers was 76 miles one way. 

C. Results 

The embryo disposition that resulted is summarized in chart 
form below: 

D. Costs 

76 COWS SUPEROVULATED 

546 OVA 
TRANSFERRABLE _______________________ DISCARDED 
QUALITY 231 (42%) 

(58%) 

:--------------------------------FROZEN 

FRESH TRANSFERS 
254 (80%) 

:----OPEN 
96 (38%) 

PREGNANCIES 
158 (62%) 

61 (20%) 

:-----STORAGE 
34 (55%) 

THAWED & TRANSFERRED 
27 (45%) 

PREGNANCIES ____ _ OPEN -----
12 (44%) 15 (54%) 

The costs of embryo transfer services include transportation, 
direct costs of drugs and materials, technician salaries, general 
practice overhead, and veterinarian salary. 

I have kept detailed records of costs of drugs, materials, and 
technician salaries in embryo transfer services. It has cost an 
average of $122 for drugs and materials for each superovulated cow. 
This includes everything from Betadine soap and plastic sleeves to 
embryo filters and hospital sterilization fees. 

Technician costs are based upon three factors in our system. 
There is the direct time involved in assistance during collection 
and the embryo search and processing and has averaged $42 per cow. 
There is time involved in cleaning of catheters, glassware, and 
equipment, as well as maintaining an inventory of supplies. I estimate 
approximate!~ $15 per cow here. And we pay a bonus of $8 per pregnancy 
to the technician. I estimate technician costs at $75 per cow. 

Transportation costs were estimated at $.25 per mile, and cost 
$37.50 per cow. 

I have not attempted to prorate clinic overhead. 

The total direct costs averag~ $232.50 per superovulated cow. 
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E. Income 

Charges for embryo transfer services have been based as follows: 

Travel: $0.25 per mile round trip 
Superovulation, collection, and transfer: 

$250 for lst cow each day 
$150 for each additional cow that day 

Pregnancy fee: 
$180 per pregnancy for l to 4 pregnancies that day 
$165 per pregnancy if 5 to 7 pregnancies that day 
$150 per pregnancy if 8 or more pregnancies that day 
$250 per frozen embryo pregnancy 

Direct income from embryo transfer services averaged $583 per 
superovulated cow. There were 34 embryos in storage which should 
yield about $4000 in income, or about $50 per cow. Average gross 
income has averaged $635 per superovulated cow. 

This should produce about $400 per superovulated cow to cover 
clinic overhead and the veterinarians salary. 

COMMENTS: 

Embryo transfer services demand time. With the typical long 
distances traveled and the time to complete the process, a collection 
and transfer usually ties up a veterinarian and technician for a day. 
However, multiple cows can be flushed and transferred with relatively 
small increases in total time. 

Once again, embryo transfer services demand time. It seems that 
the transfers come in bunches and the yields are unpredictable. 
Colleagues and spouses need to be tolerant of unpredictable schedules 
and missed meals. It is an inherent part of the business. 

Embryo transfer services demand meticulous inventory controls. 
There are many items that are unique to superovulation, collections, 
and transfers and there are usually no substitutions. Inventories of 
drugs and supplies must be monitored well in advance of the transfer 
dates and checklists of needed supplies are essential considering the 
typical distances to the work. 

There is little economic justification for expensive commercial 
embryo freezing units with activity levels like mine. The above 
chart shows 61 embryos frozen in a one year period. Many embryo 
freezers cost $5,000 and up. It becomes very hard to justify this 
expense if we try to apply it against 25 or 30 pregnancies that may 
be produced with the freezer each year. Yet relatively inexpensive 
freezers can be made. They take some ingenuity and calibration, but 
are very dependable and yield comparable pregnancy results. Dr. Ed 
Robertson of Tennessee demonstrates the use of this type of freezer 
in a preconvention seminar of the annual convention of the American 
Association of Bovine Practitioners. I assembled my freezing unit 
for about $600. 
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I believe that it is a very positive practice to pay technicians 
a bonus on the basis of pregnancies produced. Embryo searching is a 
tedious business, especially when four or five cows are done on a 
single day. Sometimes mucus must be rolled and shredded and teased 
and a bonus can aid in motivating technicians to produce excellent 
work throughout very long and demanding days. 

Practitioners who attempt to develop embryo transfer skills take 
some rfsk. While success does enhance professional reputation with 
our clients, no one becomes skilled without paying their dues. There 
are proceedures to be mastered, mistakes to be made, and techniques 
that need practice. Too often, everyone becomes disillusioned before 
success arrives and,professional reputations would have been better 
if the process had never been attempted. Be careful. 

III. IMPLICATIONS FOR CLIENT PRODUCTION PROGRAMS 

Just as embryo transfer has economic and management implications 
for the practice, it has economic and management implications for the 
dairyman. I reviewed the transfer activities of my clients in terms 
of results and costs. 

A. Embryo Response per Superovulation 

The response to superovulation remains highly unpredictable. 
In reviewing our records, we have found the following distribution 
of total embryos collected per superovulation: 

Total Embryos per 
Superovulation Incidence 

0 5% 
1 4% 
2 5% 
3 5% 
4 14% 
5 8% 
6 7% 
7 14% 
8 8% 
9 3% 

10 7% 
11 5% 
12 3% 
13 1% 
14 l% 
15 4% 
16 3% 
22 1% 
32 l% 

Of the total embryos collected, 58% were evaluated as being of 
sufficient quality to transfer or freeze. While these cows averaged 
4.1 transferrable quality embryos per superovulation, the distri
bution of response was highly variable. 
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Transferrable Embryos, 
per Superovulation Incidence 

0 20% 
l 8% 
2 16% 
3 7% 
4 12% 
5 ll% 
6 5% 
7 4% 
8 5% 
9 l% 

10 4% 
ll 5% 
12 l% 
22 l% 

This variability of response makes it difficult to prepare 
appropriate numbers of recipients. However, the incidence column 
indicates that we will have 8 or less embryos to transfer 88% of the 
time. 

I recommend that we try to have 8 recipients synchronized 
properly for a superovulated cow. This does not mean however that we 
start with 8 recipients. In my experience, about 75% of all recipients 
synchronized with a double injection prostaglandin schedule will be 
synchronized acceptably for use so 11 would be an appropriate number 
to start with. 

If several donors are superovulated simultaneously, the number 
of recipients per donor can be reduced. The more donors that are 
done, the more likely we are to reach an average collection. In such 
cases, 5 properly synchronized recipients per donor is reasonable, 
so starting with 7 per donor usually works out well. 

B. Pregnancy Response per Superovulation 

While embryo response has implications on recipient management, 
the pregnancies produced have dramatic effects upon the economics of 
the proceedure. The distribution of pregnancies per superovulation 
ran as follows: 

Distribution of Pregnancies per Superovulation 

Pregnancies 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Incidence 
18% 
17% 
15% 
14% 
10% 
12% 

5% 
2% 
5% 
2% 
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C. Costs of Embryo Transfer on a Pregnancy per Superovulation Basis 

There are significant fixed costs in embryo transfer that have 
dramatic effects on the economics of the process. For purposes of 
this discussion, I will make the following assumptions: 

l. Blood typing costs will be done for breed associations at 
$30 per animal. 

2. Synchronization of 11 recipients will cost $10 each and 
will total $110. 

3. Semen will cost $60 a unit and two units will be used to 
service 

4. 
5. 
6. 

the donor cow. 
Mileage fees will cost $50 for the embryo transfer service. 
Drug, flush, and transfer will cost $250. 
Pregnancy fee will he fixed at $180 per pregnancy. 

With these assumptions, lets look at the out of pocket expenses 
as pregnancy results change. 

Pregnancies 
0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total Cost 
560 
740 
920 

1100 
1280 
1460 
1640 
1820 
2000 
2180 
2360 

Costs per pregnancy 

740 
460 
367 
320 
292 
273 
260 
250 
242 
236 

While not calculated in this example, the cost of delayed 
breeding or increased days open of recipient animals is another 
important cost. If calculated, it will exaggerate the trends shown 
above. It becomes very obvious that the most expensive part of embryo 
transfer is few or no pregnancies. 

COMMENTS 

I have seen a sorting out of embryo transfer users. The owner~ 
of very high production registered herds seem to be using embryo 
transfer on a more regular basis. There is a distinct trend toward 
superovulating the top cows at about 60 days in milk and then 
rebreeding. I see fewer and fewer cows being pulled from the herd 
to be superovulated repeatedly for a one or two year period. 

I am also seeing a trend toward younger and younger donor cows. 
It used to be that almost all of the donor cows were 10 years old and 
had no other productive life than embryo"production. The breeders 
who are becoming my major clients are picking younger cows and are 
making embryo transfer a regular part of the breeding program of 
the high indexing 3 to 7 year old cows. 
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With this trend towards younger cows has been a trend towards 
better responses in embryos and pregnancies. In turn, the cost 
per pregnaricy to the dairyman drops dramatically as indicated above. 

Some comments need to be made about the cost of days open. 
As veterinarians, we may have been practicing a double standard. If 
we were involved in reproductive programs, calving intervals were 
critical. But when we wanted embryo transfer work, recipients were 
critical and the calving intervals could go where they may! I used 
to see dairymen hold up breeding of heifers and recipient cows until 
a donor could be superovulated. I now see dairymen delaying the 
superovulation of donor cows to mesh with a later group of recipients. 
If we try to minimize the cost of days open, this is clearly the proper 
direction. 

There has been a definite trend towards using cows as recipients. 
During the first years, it seemed that everyone thought heifers. Yet 
an occasional dystocia and death paired with good conception rates on 
mature recipient cows has moved the choice towards cows. 

When heifers are used, it is always wise to review the heifer 
rations in detail. Many heifers are grown on very unbalanced rations 
and conception rates will be increased by proper balancing. Other 
aspects of recipient management such as parasite control and 
immunizations are obvious. 

With experience, there has been a change in attitudes towards 
freezing. There is a popular conception that the frozen embryo is 
going to be very practical. Many dairymen see it as a way of dealing 
with the missed heat - observed blood situation. No need to 
synchronize! Simply mark the calendar six days later and have the 
veterinarian place an embryo. Get better calves from poorer heat 
detection! 

The current reality of embryo freezing is very different. First, 
there are substantial increases in time and costs paired with 
substantial decreases in pregnancy results. For example, if 5 embryos 
are transferred fresh, we would expect 3 pregnancies to result. If 
frozen, we would expect 2 pregnancies to result. Using the fee 
schedule described above, the frozen pregnancies will cost $530 each 
while the fresh embryo pregnancies will cost $367 each. 

The reality of embryo freezing for the veterinarian is that it 
nearly doubles the professional time involved in producing a pregnancy. 
There is addition embryo processing time, freezing time, thawing time, 
more processing time, and additional travel time. 

The other reality that contrasts with the popular misconception 
is the idea of spotting the heifer in heat and marking her down for 
an embryo in a week. It is extremely disappointing to thaw an embryo, 
process it, and bring it to a he]fer whose cervix is impassable. 
We need to have a synchronized alternative! 
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In spite of my complaints, embryo freezing is a wonderful process. 
It has been very useful for dealing with the unpredictability of 
superovulation. It gives us a way to deal efficiently with both 
extreme failure and extreme success. On farms where embryo transfer 
has become an ongoing program, we prepare moderate numbers of 
recipients. If there are more embryos than recipients, we freeze. 
If there are more recipients than fresh embryos, we thaw and maximize 
the use of synchronized recipients. 
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The seeds for this program were first planted while I was doing graduate 

work in animal science at the University of Minnesota during the Mid-70's. 

Prostaglandin F2 was being called one of the most significant advances in 

animal therapeutics s~nce penicillin. My "Plan B" masters paper 

(unpublished), suggested using PGF 2 with a 2 week herd health program to cut 

heat detection to 8 days per month. 

With great fanfare first lutalyse (R) (Upjohn) and then estrumate (R) 

(Haver-Lockhart) were released for use in beef cattle. Instead of 

revolutionizing the beef industry they failed ,miserably because the companies 

tried to sell their product to do something that it was not designed to do. 

Beef cows were in general poorly fed, restraint facilities were not available, 

and AI was not routinely used. They also tried to remove heat detection from 

most of the suggested regimes. 

Again the same marketing mistakes were made with dairy heifers as the 

products were cleared for their use. During this time most dairy 

practitioners were using these products extra-label on anestrus dairy cows. 

Our clinic kept records on the first two hundred cows that we used the drug on 

and we achieved about a 50% 1st service conception rate. We felt that this 

was excellent considering that these animals were usually 5-6 months fresh and 

usually had several unsuccessful services. 
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Problems Encountered 

Two problems were identified during the study. The first was that the 

heat signs were too good. Our dairymen are actually excellent heat detectors 

but in many herds most animals are bred on secondary heat signs. PGF 2 does 

not increase the intensity of the observed heats but grouping several or more 

animals in heat at the same time does. The first time we gave 5-6 animals PGF 

shots it appeared that they were all in heat at the same time and the 

insemenator was called to breed them all. The pregnancy rate was usually low 

until they realized that standing heat means standing and that they were 

breeding some animals too early. The strong heat signs became an advantage 

rather than a problem after it was recognized and discussed. The other 

problem involved nutrition. The herds response to PGF injections with 

observed estrus has become our best indicator of the herd's nutritional 

status. If less than 60% of the injected animals show standing heat then the 

ration should be checked. We now offer a commercial ration balancing service 

to our clients using reproductive performance as one of the measures of 

success. Most herd have also increased production if they showed acceptable 

levels of response to PGF. Before starting a herd on the 2 week program we 

now try to make some estimation of his heat detection success and correct 

nutritional problems first. 

Economics 

This program works for the dairyman because it eliminates getting the 

cows bred as a problem. It also does this with a decrease in management time 

required rather than an increase. On a 40 cow herd we project an increase of 

$700 per year in veterinary expenses over monthly herd health with a return of 

$4.50-5.00 for each dollar spent. These results are probably very 
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conservative because of the 50% decrease in cull rate and nothing being 

included for decreased labor. 

The economic effects hav~ also been very important for our practice. 

With the continuing problems in the dairy industry we have decreased 100 calls 

1n the 1st 90 days of this year compared to last year-- yet our gross income 

is ahead of last year without major price increases. The 2 week herd health 

program guarantees us 26 visits per year for fertility since the dairyman 

understands the importance of keeping this schedule. It also gives us control 

over which animals are examined and very few animals are missed. 

The changing dairy economy brings with it many challenges and some 

opportunities. As the economy started to decline we identified three areas 

that would have the greatest economic benefit to our clients. These included 

getting the cows bred, nutrition and mastitis control. The controlled 

breeding program has been an effective tool in dealing with breeding and 

nutrition. We have also found our clients to be more receptive to new 

programs with the weak economy. Farmers building new silos and buying new 

tractors are less likely to make radical management changes. We have promoted 

this idea with small producer meetings with 10 or less people at each one. 

Start by trying it on a couple of your best herd health clients to prove to 

yourself that it works. The rest will sell itself. Creative approaches will 

be necessary if the family dairy farm and the veterinary practices that depend 

on them for their existence are to survive. 
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TABLE 1. 

HERD ilsucc. DAYS OPEN SERV/CONC 1ST SER. fiPGF OBS% PALP CULLS 
BRED INJ. 

A 
HIST. (a) 38 99.4 1.8 56% 14 
PROG. 34 81.3 1.3 79% 1.8 60% 4.6 5 

B 
HIST. 33 114.6 2.3 50% 14 
PROG. 35 90.2 1.5 66% 2.0 59% 5.3 8 

c 
HIST. 50 107 .o 1.9 51% 20 
PROG. 45 98.9 1.6 53% 2.0 64% 5.3 12 

D 
HIST. 20 109.1 1.7 55% 12 
PROG. 21 91.5 1.3 62% 1.8 62% 6.2 5 

{a) HIST. = 12 Months Prior to Program 
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Good fertility in dairy cows is important for profitable dairying. Fertility can be measured in several WfJ.!S, but 
brOfli simple goals for reproouctive performance are best for focusing on overall herd performance. Targets for 
overall herd reproouctive performance are: 

1. Al-sired heifers should calve at near 24 months of age. 
2. Cows should calve without complications and start cycling by 4 weeks postpartum. 
3. Cows should be bred at first and any subsequent heat beyond 50 days postpartum. 
4. calving interval for the herd should be 12 to 13 months. 
5. At least 90ll: of the cows should breed beck to proouce another calf. 

Grouping Cows for Reproductive Management 

It is useful to group cows according to reproouctive status in order to manage fertility more efficiently. Grouping 
includes physical separation of cows into their appropriate groups in large herds where the number of cows and 
physical f~111t1es perm1t such separation. Grouping also includes separation of records into the appropriate 
reproductive categories in smaller herds where number of cows and physical facilities do not permit physical 
separation of cows. In many herds, some combination of grouping cows and records is appropriate for efficient 
management of fertilty. 

If grouping is to be used for reproductive man~ment, the following groups should be considered: 

1. Dry cows; one to three groups depending on herd size. 
2. Open cows; one to three groups depending on herd size. 
3. Pregnant cows; one or more groups depending on herd size. 
4. Problem cows; cows open over 100 days postpartum. These cows may be housed witopen cows, but the 

record system should ind1cate that they are in the "problem" category. 

In all herds, regt.Jrdless of size, dry cows should be separated from lactating cows. Management procedures end 
nutritional requirements for dry cows differ sufficiently from those of lactating cows so that it is not easy to 
manage these cows unless they are physically separated. 

Most mroern, computerized record systems allow for an almost infinite number of grouping catel}lries. In most 
cases, grouping ~d1ng to reproduct1ve status 1s closely related to group1ng t£COrd1ng to m11k y1eld. Therefore, 
rows within a rommon reproouctive group will have similar nutritional and health requirements and can be fed and 
man~ to promote optimum milk yield and gJ(Xi health. 
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8ood Fertility Starts With Dry Cow Management 

Fert111ty of cows after calving is closely linked to their management during the dry period. If proper care is not 
given to dry cows, then fertility is ltkely to be lower after freshening. The following procedures Jell! to healthy 
dry cows and therefore to better fert111ty after calving: 

1. Treat all four quarters of ~h cow with an approved dry cow ant1biot1c at drying off. New infections occur 
at a higher rate during the dry period, and cows that calve with mastitis are likely to have lower fertility after 
calving. Cows that have hfll high somatic cell counts during a prior lactation may need a second dry cow treatment 
7 to 1 0 days after the f1rst treatment. 

2. Trim the feet of all cows at drying off. This is especially important for cows that are housed on concrete 
during lactation. Good foot care during the dry pertoo wm reduce foot problems after calving. Foot problems 
during lactation reduce fertility. 

3. Separate dry cows from the milking herd, and if possible, house them on pasture or we11-dr8ined dirt lots 
during the dry period. In larger herds, the dry cow~ may be divided in two to three groups. 

4. During the early dry period, reduce dry matter intake by feeding a high fiber r8tion with no concentrete or 
a restricted amount of concentrate. If possible, avoid high-moisture feeds and limit the amount of protein to no 
more than about 121 of the total ration. Um1t the amount of calcium and phosphorus during the dry perioo. 
Long-stem, medium quali!Y hay is probably the best feed for dry cows during the early part of the dry period. 

5. Provire limited shelter from cold and rainy weather. Provide shade during the summer. Dry cows are able 
to withstand inclement weather very well, but close-up dry cows may need shelter to prevent frozen teats if the 
temperature is extremely cold. 

6. During the mick:lle and late parts of the dry period, cows should receive appropriate vitamin and mineral 
supplementation, but excess concentrate intake should be avo1ded. Injections of selenium and Vitamin E during the 
dry period are recommended in areas where a selenium defficiency is known to exist. As cows apprOEl:h the 
expected time of calving, they should be grooually shifted to the lactation ration, but intake should not exceed about 
2 to 2.51 of the cow's weight. Maintaining high quality fiber in the dry row's diet is important. 

7. calve cows 1n the cleanest locat1on on the farm. We perfer to calve cows in a clean pasture or well-drained 
lot if weather permits. otherwise, provide a well-bedded stall. If possible, the bed:ling should be straw rather 
than wood shavings or sawdust. The beneficial effects of !Jxx1 care during the dry perioo can be offset by calving the 
cow in an unclean, d1rty area. 

8. Provide ass1stance at calving only if labor is prolonged and complicated. Herd personnel need to be taught 
how to provide proper assistance during re11very. Patience is very important at calving time. 

9. Make sure that the newborn calf gets colostrum by force feeding 1f necessary. 

Hond11ng the Fresh Cow 

Fresh cows should be provided with an environment that includes dry bedding, clean alleys, and high quality feed. 
The reproouctive tract of fresh cows is easily infected, so sanitation in the fresh cow area is important. Cows that 
have retained fetal membranes should be monitored closely by watching for a drop in milk yield, a loss of appetite 
and an increase in term perature. If any of these conditions occur, systemic antibiotics are indicated. Postpartum 
infusions of cows with retained placentas have not proven to be effective in reducing infections. In fact, some 
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research suggests that postpartum infusions actually reduce the phar;JX.Ytic response in the uterus and thereby 
delay correct1on of the problem. 

Cows need to be fed so that they attain maximum dry matter intake as soon as possible after calving. We prefer to 
use a total mixed ration for an cows so that their diets can be designed to meet their requirements. Such rat1ons 
prevent cows from picking and chasing from among available feedstuffs. Cows express considerable variation in 
what they wm eat, and therefore will not balance their ration if given a choice. Quality of fiber in the fresh cow's 
diet is important to promote high production and good health. Avoid rations that are too high in moisture and too 
low in effective fiber, because these rations will not lead to maximum dry matter intakes and may cause aci<bsis 
problems. Blended rat1ons with 18 to 20:« crude protein are EKJequate for fresh cows, and excess protein intake 
should be evoided because it is costly and may, in some instances, lower conception rates. In general, good feeding 
prOJrams for fresh cows will allow cows to milk at high levels without experiencing serious drops in milk fat 
percentage. If fat percentage drops severely, this is likely to be accompanied by an increase tn foot problems and 
lower fert11ity. Feedstuffs such as whole cottonseed are ideal for fresh cows because they contain high quality 
f1ber, high amounts of enerw and slowly degrlliable protein. The goal in feeding fresh cows is to get these cows 
into a positive energy balance state as soon as possible without making them go off feed. This requires great care in 
montoring the feeding program. 

In larger herds, it is often desirable to seperate first-calf heifers from older cows because there nutritionel 
requirements and lactation curves differ. 

Start Breed1ng At F1rst Heat Bevond 50 Days 

Several studies have shown that there is a close relationship between average interval to first insemination and 
average days open (Table 1, Britt, J. Dairy Sci. 60: 1345, 1977). In general eoch one day reduct1on in interval to 
first breeding results in a .7 to.8 day reduction in days open. Most cows that calve without complications are ready 
to be bred back at first detected heat beyond 50 days postpartum. The reproductive tract in fresh cows should be 
examined regularly untn 1nvolut1on 1s completed, and then the cow should be designated as ready' to breed. 
Conception rates tend to increase up to about 60 to 80 days postpartum and then remain relative1y constant. 

Table 1. REPRODUCTIVE PERFORMANCE OF COWS FIRST INSEMINATED AT VARIOUS INTERVALS 
AFTER CALVIN&. 

Davs to first insemination after calving 
Item <40 41-60 61-80 81-100 101-120 >120 

Conception rate 
at first service ( S) 47 45 60 56 63 69 

Services per 
conception 2.1 1.9 1.7 1.6 1.6 1.4 

Days open 78 87 97 115 126 154 
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Yacctnatton Programs 

Vaccination programs vary considerably tJmong regions 6nd tJmong herds within 6 region. It is best to design the 
vaccination program for herds based on diseases prevalent in the area and on whether outside cows or heifers are 
introduced to the herd on a regular basts. It should be recognized that vacctnattons are not 1 OOZ effecttve tn 
controlling diseases, so {JXX1 sanitation and disease control practices should complement the vaccination program. 
In herds where natural service ts used, tt is important to vaccinate against those disease that might be transmitted 
by the bull, especially if the bull has not been given a breeding soundness exam. 

Foot Problems and Reproduction 

McDaniel and colleagues (J. Da1rySC1. 67, Suppl. 1: 198, 1984) showed that cows with long hooves and shallow 
angles of the hoof had lower stayabilities and more days open. These relationships are probably greater if cows are 
housed continuously on concrete. A (J)OO foot care program wm help keep fert111ty at a higher level. Regular 
trimming and use of a foot bath during lactation are important steps for preventing lameness associated with foot 
problems. Lesions on the bottoms of the feet may not be noticed without regular examinations, and therefore may 
not be obvious until the conditton becomes more serious and results tn lameness. Cows with sore feet are more 
difficult to detect in heat and probably have lower conception rates because of clinical or subclinical infections. 




