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mtRouocTioa

2strua, or period of heat, is a normal function of the dairy cow. Bow*

ever, much is still unknown about its effoots oven though it ocours regularly

in all non-pregnant oows in a dairy herd, and In some gravid cows.

Aa efficient farmer's dairy cow, ae far as reproduction is concerned, is

one that calves for the first time at about tea years of age and then drops a

calf every 12 months. Although there art bread differences, by using aa

average 283-day gestation length, it can be seen that in order to bear a calf

every year the cow must conceive within 82 days of parturition. Thus, if

estrus does not occur until after 82 days, or if it does occur bat with an

abnormal cycle, the cow is not utilising her reproductive powers to the

fullest because she will not drop a calf every 12 months. Breeding efficiency

is lowered when the poat-partua to first estrus period is too long (Chapman and

Casida, 6),

In order to obtain a calving interval of 12 months it is imperative that

cows return to breeding condition as soon as possible after freshening. In

beef cattle herds this interval must be regulated to manage the hard for the

maximum fertility and production (Warnick, 35), Regulation la possible only

if some of the variables controlling or affecting the post-partum period are

known*

Another factor concerned with the estrus period is milk production on

the day of heat. The fast that a sow gives more or less milk on any given

day is ef email importance to most dairymen. Bat, if aha varies her milk flow

on teat day the dairyman is concerned. Therefore, it is important for him to

know if production is altered when a cow la in heat.



BEVIES* OF LITERATURE

Although various studies have beat made, both in this country and abroad,

researchers working with different breeds, in different climates, and in

different seasons do not agree very closely as to the average span of tine

from parturition to the first estrus, or to the effects of eetrus on milk

production.

Days Post-partun to First Estros

Evidence points to a great deal of variability in the period from

calving to first estrus. Casida and Yenske (5) found that the average

interval fron freshening until the uterus involuted was 26,2 - 1.0 daysj

until follicular development started, was 28,8 + 1.3 days» and until the

first estrus period and ovulation, uas 40.7 + 2,1 days.

After investigating 968 normal eaivlngs by 3*7 dairy cow. Barmen and

Ednondson (1?) reported aa average of 5? days to bo the length of tine fron

parturition to first heat, with a standard deviation of 28 days. Fifty-nine

per cant of the cows cane into heat within 60 days after calving. Thirty per

cent showed heat for the first time during the next 30 day period, 7.6 per

cent in the next 30 days, and 3.4 per cent after 120 days.

Studying the efficiency of natural breeding in dairy cattle. Olds,

Morrison, and Seath (24) determined 30 days to be about the interval to first

estrus, with a range in 480 oalvings of 1 to 190 days. During the first six

weeks following freshening, 81 per cent of the cows oaae in heat for the first

tine,

Branton, et al. (2) , said the days to first heat following parturition

in a dairy herd were 57. with a range of 2 to 120 days and with a standard



deviation of 27 days.

Time to post-partum estrus it on experimental herd of 322 3olstein-Friesian

cows was found to average 33 days by 3uoh, Tyler, and Casida (3),

Olds and Seath (25) studied k?Z normal parturitions of 210 cows. They

found the average interval from freshening to first ostitis to bo 32.1 1 18*6

days, and concluded this interval influences reproductive efficiency.

Time from parturition to first host in 179 normal cows was reported to bo

69 days by Chapman and Casida (6). The standard deviation was 39 days* In

this work they agree with other workers that a oow to bo efficient most have a

fairly short period following post-partum to first host.

Working with two Holstein-Frieslan herds in Iowa, the Iowa State College

herd, and the State Board of Control herd. Carman (t) was able to utilise

relatively larger numbers of cows and records than other workers. Ho studied

in both herds, the records of 763 sows with 1646 gestations. Although both

herds were of the eaae breed and located in the same general locality, groat

variation in days fresh to first heat was apparent* Ho lists an average of

55.* - 1.1 days for the Iowa State College and an average of 71.0 t 1.8 days

for the State Board of Control herd* Standard deviations were 30 and 50 days,

respectively.

as a comparison, the work of Warniek (35) with beef cattle can be sited.

He found that 97 Hereford cows had a post-partua to first heat interval of

62.7 days and 5* Aberdeen-Angus cows, 59.2 days.

Also in beef cattle, Lesley snd Bogart (21) observed 7U intervals

ranging frost 1 to 200 days. They report the mean interval length to bo

80.2 t 1.30 days. They considered this interval to bo extremely long, and

to have undesirable economic implications to the farmer.



Trimberger (33) randomly selected 400 cows, which were separated into

control and experimental groups. Day* after calving to first apparent eetras

in the experimental group was *Q,b days, while the time to first neat as

actually determined from palpation of ovaries was only »3«7 days. The control

group averaged 50.9 days.

Ho reported that 30 per cent of the eons case in heat daring the first 30

days* following calving. 51.5 psr sent during the next 30 days, 15.5 por cent

during the next 30 day period, and the remaining 3 por cent after 90 days.

Cumulatively, 81.5 per cent had exhibited estrus by 60 days and 97 por cent

by 90 days.

Figure 1 shows the wide variation la moans of days from calving to first

heat obtained by different workers.

Borman and Edmondson (17) found no relation between season of the year

and the interval from parturition to estrus. Warnick (35) reported that in

beef cattle there was a difference in the interval between cows calving during

the first half of a season and the last half.

Booh, Tyler, and Casida (3) present dots showing a significant difference

between cows calving in different seasons. They list the interval for winter

as 33 days; spring, 32 daysi summer, 28 dayst and fall, 32 days. Thus, they

concluded, cows calving in summer tended to come in host earlier than in other

seasons, with winter freshers having the longest interval.

Also believing that there are seasonal differences is Carman (*). In his

study, cows calving in March averaged 74 days until the first heat period as

samps I sil with a September average of 51 days. Ho says these data support the

theory that the breeding behavior of the dairy cow is influenced by hours of

daylight, because the optimum breeding period appeared to be at that time of
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Tig, 1. Average auabar of days after freshening to first aatros as reported
by various workers.



year when daylight hours are becoming fewer and the aaln suaaer haat la

diminishing.

Warniok (35) found a highly significant difference la the Interval froa

freshening to first heat das to different years. He presented no explanation

for this* Carman (4). on the other hand, decided that year, parity, and ags

differences accounted for only a snail part of the total breeding efficiency

variance.

In his work with beef cattle, Warniek (35) foaad no apparent trend

associated with age. Bach, Tyler, and Casida (3) Agree with this. They

foaad no significant differences between parity groups or the interaction

between parity and season.

However, Kaaaoad, and Sanders (15) are la disagreement. They found that

the interval froa parturition to first estrus becaae shorter until after a

cow's third or fourth calf. Then the interval began to increase again, until

after the sixth or seventh calf It becaae longer than after the initial

freshening. They say, "This curve probably represents the vigor or » curve

of life* of the cow. Before the third lactation the full reproductive activi*

ties of the animal are curtailed by co-incident growth, and after this tlae

senile decay gradually begins.*'

At a later date, Heraan sad Sdaondson (17) concluded that ago of the cow

is a factor influencing the interval froa calving to heat. For the tlae between

freshening to first heat they list the following intervals: first-calf, 63

days; second-calf, 53 days} third-calf, 55 days; fourth-calf, 50 days? and

fifth-calf, 60 days. They state that the dairy cow Is in her prime at her

third or fourth lactation as far as reproduction Is concerned.

Warniek (35) found a difference In days fresh to first heat between



Hereford cows calving with boll and heifer calves. Those dropping ball calves

averaged 61*5 daya and while cows with heifer calves averaged 61*0 days to

first estrus. This was not a significant difference.

Casida and Veneke (5) reported that when follicular development during

the pos-Upartua period started In the opposite ovary from the one that

confined the pregnancy corpus, the Interval from calving until a half-nature

follicle in sise was produced was 8*1 1 2*5 days shorter than when development

started in the ovary containing the corpus luteua of pregnancy*

Olds, Morrison, and Seath (24), found an indication that cows coming In

heat within IS days or less of freshening were likely to be started on an

abnormal estrus cycle,

Branton, et al. (2) reported that there Is little correlation between adlk

production and days fresh to first heat period* Reman and Sdmondson (17)

arrived at the same answer. They said the average dally milk production for

the entire lactation, and also the average dally milk production in the interval

between calving and heat did not appear to affect the length of the interval*

However, even though it bad no narked effect, they found a slight tendency

for the interval to be increased in some of the higher yielding cows in their

study*

Carman (*) reported, though, that the period between calving and first

estrus is correlated with the level of production in the previous lactation*

correlation of milk yield with the interval was carried out by Mares, Menge,

and Tyler (22)* After all records were adjusted for parity and season it was

found that the correlation was 0*29 (?<0«05) for inbred cows and 0.09 for

outbred cows. Butterfat percentage was not found to be related to post-partam

interval*



Olds and Seath (25) cite a correlation between nllk production for the

first 120 days (MS 4# F.C.H.) and the Interval from parturition to heat as

0.095 (P<0.05). They Indicate that for eaoh additional 1,000 pounds of 4

pw cent F.C.M. produced daring the first 120 days of lactation, a period of

about 1.5 days is added to the interval.

There appears to be a tendency for a oov to have a characteristic interval

after salving before coming into heat, according to Gasida and Venske (5).

Analysis of variance is shown by Olds and Seath (25) to demonstrate that

there is significantly sore variation among sows than within records of the

same gov* This, they say, indicated that individual sons had a tendency to

repeat a similar length of Urns between calving and first heat in successive

calvings. For single records of the same oov they found repeatability to be

29 per cent.

Chapman and Casida (6) agree that a oov tends to repeat a similar interval

from freshening to estrus in different lactations, although they present no

supporting data, Jarniok (35) reported that in beef cattle the repeatability

of three records was -4 per cent; two records, 14 per cent-, and a combined,

16 per cent.

Working with two herds of Holstein-Friesian cattle in Iowa, Carman (4)

estimated repeatability to be 15 per sent in one herd and 27 per sent in the

other.

Carman (4), also estimated heritabillty to be -6 per cent ± 11 per sent in

one herd and .3 per sent t IS per cent in the second. The doubled intrasirs

regression of offspring on dam within herd method of estimating heritataility

vas used. Be oomments that if repeatability and heritabUity are really as

low as his estimates seem to show, selection for breeding efficiency can not be



too effective. He concludes that It would fa* better to select for other economic

trait* for which repeatability and heritability are a good deal higher*

Olds and Seath (25) calculated an estimated heritability for days post-

partum to first estrus, too* Using the method of intra-sire regression of

daughter on dan with only the first available records for each animal, they

obtained a value of 27 per oent. When all records were used, the heritability

estimate was 32 per cent* This, It must be remembered, is the same method need

by Carman, who found a much smaller value.

Using the paternal half-sib method of estimating heritability. they found

heritability was too small to be measured when based on single records, bat

when all records were used it gave an estimate of 31 p« oent* The estimates

reported by Olds and Seath seem to be in direct oonfliot with Carman* s esti-

mates, if the heritability of the interval is really 30 per oent or greater*

it can be selected for with at least the same effectiveness as milk production.

If desired*

Effeot of the fistras Period on Milk Production

The concensus among dairymen* according to Smith (3D* la that there is*

although temporary* a decline in milk production on the day of heat* Research

workers are divided in opinion* Host believe estrus causes a drop in milk

production, while others say there is little or no lessening of milk flow*

Most workers qualify their conclusions by stating that the drop is at most

inconsequential.

Even tee basic texts need in the elementary dairy technology course and

elements of dairying course at Kansas state University tend to hedge on the

question of estrus lowering milk yield. Olson (26) stated in his text that
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the quantity and composition of milk may be affected during heat due to

physiological change*.

Harrington (Id) said in his text that light exercise often stimulates milk

production without a large change in butterfat percentage. But he added that

heavy exercise may cause a decrease in milk flow. He also said It is not

possible to predict changes in milk yield when a cow is excited. He speculated

that if the hormone inducing estrus passes into the milk, then the milk from a

•contented cow," or one not In heat* might be better for child feeding*

Sohropp and Ulnar (30) have observed that milk yield was depressed on the

day of heat when compared with the mean production for several days or one day

before and after estrus.

Polidori (28) agrees with this because he found milk production to be

highest before heat and lowest during time of heat in a European herd of dairy

sows. Production on the day or days after heat was midway between days before

and day of estrus in his experiment using 13 cows.

The influence of estrus on milk yield was studied by Jordan and Assis (20).

they utilised data from 400 heat periods of 195 Holstdn-Prlesian cows in

South America, Their records showed production for seven days in the estrus

cycle of a cow, three days before* day of heat, and three days after. They

found milk production dropped an average of 5»* P«r cent on the day of estrus.

By the seventh day, though, production had climbed back to almost the same

level as the first three days.

KeCandUsh (23) reported that individual cows showed wide differences in

production during heat. Be said, *It is generally believed that estrus or the

period of heat has a depressing influence on the production of dairy cows.

However, there is little direct evidence by which the validity of this can be
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tested." «• compared production on the three day* preceding heat, the day of

heat, and the three days following heat in 866 eases.

He concluded that there is a decrease in silk production on the day of

estras, which he called the day of breeding, and the day afterward. However,

according to his conclusions, an apparently compensating Increase took place

two days before estras so that the average weekly production was not affected.

If cows were tested for D.H.I.A. purposes on the day of heat they probably would

not be credited for the actual amount of pdlk produced during the testing period.

MoCandlish believes one possible explanation of this phenomenon is the increased

production of sens galactogenie hormone.

Using 2,025 Jersey records in an extensive test of the effect of estras

on milk production, Copeland (7) reported that the effect is really quite

United. Be said the reason most dairymen think estras lowers milk yield is

because they observe only a limited number of cows, and probably remember best

the notable exceptions.

In 211 comparisons he found 75 cows increased and 131 cows decreased milk

yield. The average variation in milk during heat as compared to two days before

and two days after heat was 1.6? pounds. The standard deviation was 2.35& -

0.077 pounds. The variation was less than two pounds for three-quarters of

the cows. On all tests the average decrease in milk on the day of heat was

0.63 pound. For 112 of the cows, milk production for the two days before heat

was greater than for the two days after heat. In the 99 other instances pro*

duction was higher on the two days following heat. For 136 of the oows the

differences in yields between the two two-day periods were less than three

pounds.

Copeland concluded that most sows tend to decline slightly in milk yield
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dozing heat, bat Individual cows may vary in either direction, or not at all.

He did not find the same compensating increase in milk production prior to

estrus that McCendlish (23) did.

Hooper and Bacon (19) concluded that no very decided fluctuations in milk

flow occurred during heat. In their test with 29 cows, they found yield to be

down an average of one-and-a-half pounds on the day of heat. But some cows

increased in production and several were not affected. They sunned up by

saying the amount of milk produced on the day of heat is usually about the same

as on other days.

An extremely detailed and comprehensive study of the effect of estrus on

milk yield was made by Srb, <g£ a^. (12). They studied 80 estrus periods of 19

Holstein-Friesian cows which were observed for milk flow from sight days before

until 11 days after heat. To sum up their conclusions it oan be said that

although production during estrus may decline slightly, the milk flow two days

before and two to three days after heat was generally higher than for any other

time during the estrus cycle, k sharper decline on the day of heat occurred

when cows had been milking for over 100 days, with an even longer lactation

making this decline more apparent. Thus, an illusion of a marked drop in milk

flow may be given. They indicated that testing cows, especially cows lactating

less than 100 days, on day of heat may be advantageous to the cows. Production

records based en one test per month nay be too high for cows tested around the

time of heat, rather than too low they said.

Erb, e£ &• (12) also found that the fat test was higher for the five day

period centered around the time of heat than for any other period of the estrus

cycle, regardless of laction length*

Czako and Quba (8) using Hungarian Spotted oows in 100 tests, showed that
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estrus bid no consistent, predictable effect on butterfat percentage. The

conclusion they gave was that the results of fat tests on milk production in

estrus should not he used In official butterfat recording.

Dome (10) said none of the oows in his test shoved a fat teat lover than

normal during tine of estrus*

Za 211 tests, Copeland (1?) reported that the butterfat teat was up In

126 eases and down In 81 instances. The average variation was 0.^3 par cent

and the average Increase was 0.13 per cent with a standard deviation of 0,449 t

0,015 per cent. Butterfat teat was found to be in the sane pattern in 13 cows

by Polidori (28), too, Ho uniform influence of estrus on butterfat test was

reported by Patow (27) • Although the butterfat teat neat frequently rose, it

sometimes declined or remained unchanged. The absolute variation was -1.36

to +1.98 p«e cent,

Olson (26) said that when milk yield is greatly reduced, the fat teat is

usually affected too. Compared with the means of several days before or after-

ward, the butterfat percentage was either not affected or very slightly increased

in a study by Schropp and Lohnar (30),

Harrington (13) said that when a cow is excited her fat test nay go either

up or down, Generally, he said, when milk production goes up, fat teat will go

down, and vice versa.

Smith (31) believes that the Increased activity usually accompanying estrus

may affect the quality of the milk, too* From his data and chemical analysis,

Ooane (10) reported that milk from cows In heat is in a practically normal

condition, and is fit for human consumption* He analysed milk from five cows

in heat and compared it with "normal* milk.

Polidori (28), found total solids percentage to be lowest on the day of
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heat. He noted vwy little differenoe in percentage of ash, and little varia-

tion in pH, specific gravity, protein, lactose, and iodine value.

Sckles (U) doubts if any harmful effecte could result from using silk

obtained during eetrus. He, too* amid that unusual excitement may change milk

ooaposition, and so agreed with other workers. Bat, ho added that the heat

period is not an unnatural or abnormal thing* and so should bo classed as a

normal function of the dairy cow.

fir** e£ £U (12) reported on many effects of estrus. They concluded that

the age of the cow appears to bo far less Important as a source of variation

than stage of lactation. Cons milked twice a day demonstrated more variability

in milk production, but less variability in yield of F.C.M., butterfat, sad fat

test than did cows milked three times a day. They observed no major breed

differences. They summed up a portion of their research by saying that ago,

month, and length of estrus cycle appeared to have little consistent effset on

patterns of milk production during the estrus cycle.

Beach (1) made the general statement that there is sufficient evidence

that gonadal hormones exert specific and powerful effects upon sexual behavior

in all nsjwaltsn forms. The female's period of receptivity occur when mature

follicles are present and the estrogen level is high.

That cows in heat mount others more frequently than was thought before is

pointed out by Do Alba and Asdell (9)* they say mounting is common in the cow,

where it is a manifestation of intense heat. They theorise that mounting is so

frequent because the less intense reactions are realised at a very lev hormonal

level, or Is other words, the cow has a lover estrogen threshold.

They said length of heat is restricted to a certain oeriod of time even

though osteogen is injected into the cow for several days, due to an •estrous
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block* which restricts the period of heat.

The cow also shows the phenomena of heat when she aounts other cows when

he herself is not in heat. The effects of this have not been studied by any

workers, although injuries can be assumed to happen.

That a oow*a temperament can also account for individual differences in

the effects of heat can be gleaned from the work of Hall (14). Se has said that

such traits as timidity, sexuality, aggressiveness, spontaneity, speed of re-

action, variability, and activity are all examples of temperamental traits.

Farris (13) has demonstrated that a cow is much more active during estrus

than at any other time in her estrus cycle, studying the pedometer readings of

13 cows, he found less activity as compared to the mean of the cycle in activity

the day before heat, an extreme increase the day of estrus, and another reduction

in activity the day after heat below the mean of the cycle. Clinical signs of

heat usually coincided within one day of the increase in estrus activity.

Tmmmuu (34) points out that cows should be brought into the milking yard

with as little running and excitement as possible* •Dogging and the use of whips

should be avoided." He found these practices resulted in a lower yield of milk.

Milk production can decrease In a herd by as noon as five per cent when a

new sow is introduced into it (16). The excitement, butting, and kicking, all

make production suffer* It can be speculated then if this excitement causes a

lowered milk yield on a herd basis, then a cow in heat oould also affect a milk.

ing herd in the same manner. Hooper and Bacon (19) add that sensitive or nervous

cows are greatly affected by the estrus period.

PROCEDURE

Data for this study were taken from the Kansas State University dairy
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herdbook and the dally dairy barn milk sheets. The herdbook provides, on all

cows, oonjplete records concerning date of calving, age of cow, end estrus

periods. Milk la weighed after eaoh twioe-daily miking and is entered in the

n&lk records to the tenth of a pound*

Due to Halted facilities cows that coae in heat are allowed to ran with

the rest of the herd all day if they are not bred. Cows to be bred are kept

in stanchions until artificially inseminated, then turned out* Itaring particu-

larly bad weather in winter* some cows nay be kept in the barn in stanchions

moat of the day*

Days Post-partum to First Eetroe

Every previous calving date and initial boat period after freshening was

noted for every cow, now living* of the four dairy breeds milked at the

University from 1952 to I960. Data worm recorded for 91 parturitions by 52

Holstein cows, .50 parturitions by 25 Ayrshire cows, 45 parturitions by 2*

Guernsey cows, 36 parturitions by 21 Jersey cows, and 222 parturitions by the

122 oows of the four combined breeds*

The data were then divided into groups for comparison by breed, parity*

season, and year. From the analyses of variance repeatability estimates for

days post-partum to first heat wore eatoul atari for parities, breeds* and all

oomhined breeds. Analysis of variance was used to find the variance ratio of

the interactions of season and parity in the Hblstein-Friesian breed. The

same method was used to find the interactions of breed* season, and parity in

the combined iJolstein-Frlesian, Guernsey, and Jersey breeds. To toot the

equality of the moans* the F toot as outlined by Snedeoor (32) was used.
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Effect of the Sstros Period on Milk Production

Milk production on the day before heat, toe day of beat, and the day after

heat was noted for every heat period in the life of the 38 Holstein-Friesian

90118 la the herd, fevering the years 195* until the early part of I960, 325

estrus periods were recorded for the 38 cows. This was aa average of 8.55

heats noted for each cow. Broken down as to parity, there were 129 heats of

first-calf heifers, 63 heats of seooadVoalf cows, 78 heats of third-calf cows,

37 heats of fourth-calf cows, and 18 heats for cows calving with their fifth.

or-sixth calf.

The data were broken down into groups by parity, season, year, stage of

lactation, and production class. Stage of lactation was farther divided into

all heats in the tiae period from parturition to 60 days, and all heats after

60 days post-partua. Production class was broken down into five classifica-

tions of daily silk yieldt to 14 pounds. Class It 15 to 29 pounds. Class

2| 30 to kk pounds, Class 3f 45 to 59 pounds, Class 4* and 60 pounds and over,

Class 5,

The offest of heat on daily sdlk production was measured by en approximate

non-parametric ranking method. The daily production records of each cow on the

day before heat, day of heat, and day after heat ware ranked in order from

greatest to least. There are six different ways in which these three days of

production sight be ranked. These rankings and the Identifying letter assigned

to each are shown in Table 1* If there were no change in production associated

with heat, each of the six different rankings should occur with equal frequency,

providing, of course, that the well-known trends in production from parturition

to drylng-off are of little importance in so short a time span as three days.
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Table 1. The six different ways la which production on the day before heat,

day of heat, and day after heat oaa be ranked with the assigned
identifying letter*

Day before estrua t Day of estroa : Day after patina t Classification

1 2 3 A
1 3 2 B
2 1 3 Itill
3 i a 5

3 2 1 F

The chi-square table In Snedeoor (32) was used*

RESULTS

Days Post-partum to First Sstrus

The mean number of days after freshening to first estroa, oows per breed,

standard deviation, and eoefficient of variation for the four breeds studied

are listed in Table 2.

The means range all the nay from 29,8 for the Guernsey breed, to 48,6 in

the Holstein-FYiesian breed, with the aUUbreed neon being 43*3* Probably a

truer piotore is presented by the Eblsteia-Frlesian breed vhioh has the greatest

Two things seem to be apparent from Table 2. First, there appears to be

a difference in breeds as to how soon a cow returns to breeding activity after

parturition, Seoond, there is auoh variation within a breed as can be seen

from the standard deviations, and especially, the coefficients of variation.

Fran these data it would seen that the dairyman would have little chance

to estimate when a cov would *ooae in" heat for the first tine after calving.

Taking the four breeds observed into consideration, it would seen that about
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Table 2. Days post-partum to first estrus in Kansas State University cows.

t

Cows
: Mean :

tea to f:lrflt sstrup
t BreffflvggHEBEni Coefficient of

Dreed t : Days *
2SC?

t variation

Halstsln
Ayrshire
Guernsey
Jersey
All breeds

91
50

^5
36

222

J*8.6

45.8
29.8

2*2
*3.3

30.1
25.2
16.?
22.1
26.*

62*0

55.0
56.0
50.8
60.8

half the cows in a mixed herd would exhibit their first post-partam eatrua

within six weeks of freshening and the other half of the cows after six weeks.

k~ A*r,
!
<»"

|
" Tkrs

j
Alt B~l*

Fig* 2. Coefficients of variation by breed days post-partaa to
first estrus in the Kansas State University sows studied.

Table 3 illustrates the percentage of cows of all breeds that cane in heat

during various periods of tine after calving. In this study, the range la days

fresh to first heat was 6 to 15? days. As shown la Table 3, the greatest per*

eentage of cows ease in heat within a period of 30 to 60 days after freshening.



The second greatest percentage of cows ease la heat before 30 days.

•^waeelAfflB' Jf*i «*^e^^sp •*Ts^e*44 eev *A»

w

Hf- veoaW «WHI 9s>MF <e*e>ie» %^p*w VA Wmmb> app^^^WBIP e^ sjeseweieMlsipre}

Days post-partum i I i Comlatlve percentage
to first estrue i Umber of oows i Percentage of oowa t of oows

' . H i. i. ... i

0-30 days 83 37.^ 37.4
30-60 days 92 $U* 78.8
60.90 days 32 *&»* 93.2
90-120 days 12 5.4 98.6
> 120 days 3 U* 100.0

'
' " » " "

1 '' '
- '

Cumulatively, three-quarters of the oovs bad bad an estrus period within

60 days of parturition. Approximately Sevan par cent bad not yet cone In beat

after 90 days. These oovs would lengthen their calving interval, and would be

less efficient reproductively.

This raises the annual cost par cow, and the cost per calf.

within a tine period of one week before and one week after the seen of 43

days after calving, 17.6 per cent of the oows oaae into beat*

Table b shows the effect of parity on days fresh to first estrus. again

there seems to be a good deal of variation. When checking the listing for all

breeds against that of any single breed, it must be remembered that the Holsteirw

Frlesian breed makes tap almost *1 par cent of the total, and so unduly influences

it.

Some of the variation can be explained by pointing oat that certain breeds

wave lacking la numbers in certain seasons of the year, and, aa will be shown

later, season of the year affects days postpartum to first estrus. However,

in the analysis of data on three of the four breeds, it was shown that parity

does have some effect on the time of the first post-partum estrus.

A more graphic and easily understood presentation of the effect of parity

on the first estrus after parturition is given la Figure 3.
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Pig, 3* Effect of parity on the days poat-partua to first ostrus
la tho four breads studied.

Table 5 lists tho number of cows and mean day* to first estrus by brood

and season, Tho totals sjal moans for *^ seasons are also shown for throe

breeds* Holstein-Frleslan, Ctaernsay, and Jersey; analysis of variance shoved

that there was an effect of season on days after calving to first estros. How-

ever, for tho Holstein-Frieaian breed alone there was no indication of a

significant offest of season.

Fro* tho table itself. It would appear that, with the exception of the

Ouornseys, In general tho Interval from parturition to first host is longer in

tho spring and sunaer, and shorter In fall sad winter.

In this study the w^th* March through August comprised spring ojsj

and the months September through February made up fall and winter*
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k more diagramatic presentation of the affect of season of the year

days fresh to first estrus is shorn in Figure k.

tS»

so

HS

-nrr-T y —

—

.. : ! . ; ,

ij U
»—

'

i"

*4--*—1—

i

h

-j— ~-J_—

t

4

. . - J ( .;j..

Fig. k. Effect of seaaon of year on the interval frem parturition
to first estrus in the four breeds observed.

In Xsbla 6 are listed the effects of years on days fresh to first estrus

period. For the numbers observed the period from calving to first heat seems

to be a fairly consistent from one year to the next* Variations could be

explained by general weather conditions and management differences*

In Table 7 the effect of seaaon and parity on days after calving to first

estrus in all four breeds studied is given. There was no difference In the

response of cove of different parity to differences la season*
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Table 7* Effect of season and parity on days post-partua to first estrus on
all four broods*

uummi
Days post-partum to first estrus mm

i Winter : Soring t Sugar t Fall

Parity t Cows : Moan t Cows t Mean : Cons : Hoan t Cows » Mean

1 28 35.9 20 49.2 12 38.2 40 39.*
10 47.7 16 56.3 » 56.9 16 35.9
8 29.2 12 41.3 7 64.3 7 33.6
4 69.2 5 50.8 4 31.5 5 30.2
2 40.5 1 79.0 5 53.0 3 20.7
2 39.5 2 38.0 1 96.0 — —

Table 8 lists the offoot of year and parity on days fresh to first estrus

in all four breeds studied. Doe to Insufficient numbers in certain years and

several parity classes, no analysis of variance was run. However, when

compared with Table 6 there does appear to be acre variation within parity

groups than for the breed or breeds as a whole.

According to Table 9, an analysis of variance of the mean days post-partna

to first estrus in the Holstein-Frieaian breed, there was no significant differ*.

in season, parity* or the interaction of season and parity*

Table 9. Analysis of variance of Holstein-Friesian means, days fresh to first
estrus*

i d*f. : S*S. » M.S. P value

Season 3
Parity J
Season X parity 9

1,292.17
1*224,0**

2,283.22

430.72
408.01

253.69

2.15
2.04
1.27

Total 15 4,799.*3 - -
Error 75 59*904.00 m ex

ho - 3*9924

Error term * 200.06
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When the atin number of days to first estrus in the Holstein-Frlesian,

Guernsey, and Jersey breeds were subjected to analysis of variance, as shown

in Table 10, it was discovered that the offsot of season and the offsot of

parity are significant at the 0,05 level of probability.

Table 10. Analysis of variance of means, days fresh to first estrus, for
HolsteiruFriesian, Guernsey, and Jersey breeds.

1
e d.f. t Uk » M.S. s 7 value

Breeds 2 954.93 477.47 2.03
Seasons 1 999.98 999.98 4.24 (P< 0.05)
Parity

|

2,328.04 776.01 3.29 (P<0.05)
Breed X season 579.66 239.83 1.23
Breed I parity 6 1.420,03 236.67 1,00
Season X parity 3 302,04 100,68 .43
Breed X season
x parity 6 *35.95 72.66 .31

Total *3 7,020,63 * e»

Error 67 38,624.5 576.48 —.

Uq * 2.4462

Error tern m 235,66

An estimate of the repeatability of days fresh to first estrus was made

between parity groups, among breeds, and pooled for an estimate for all breeds

and parities. As is shown in Table U, for some unaccountable reason the

estimate of repeatability, with the exception of the Quernsey breed, was

highest between the second and third parities. According to the table the

Guernsey breed, in general, had the highest estimate of repeatability.

The pooled repeatability estimate for the four breeds was 2,7 per cent.

Effect of the Estrus Period on JtUk Production

As can be seen from the following tables, no significant results were

obtained in the chi-square tests. From this we oaa assume that estrus does

i
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Table 21. Sstinate of repeatability on days fresh to first estrus.

i
I
1 i Repeatability

Breed : Jtoaber of oows : Parity i (Per eent)

Helstein 52 Pooled
22 1 & 2

16 2 4 3 12.5
8 3*4
4 4 A 5 4.8

2 54 6

Ayrshire 25 Pooled 19.8
11 14 2

i
2 4 3 77.8
3 * 4

I
445
54 6 r

1 647

Querns«y 24 Pooled 31.0
12 14 2

243
3 4 4
44 5

11.1

53.3
77.4

Jersey a Pooled 26.5

9 14 2
6 2 4 3 82.2

•

I
3 4 4
445 63.2

1 5 & 6

All breeds 122 Pooled 2.7



not materially affact milk production.

Although nonsignificant, it la evident in Table 12 that there la a alight

tendency for milk production to be highest the day before heat and lowest on the

day of estrus. If not due to ••chance*' variation, this could be caused by hor-

sjsjsjj| action.

Table 12. Somber of times adlk flow was in a certain yield class for three
days centered around estrus.

Milk yield i Day before estrus i Estrus i Day after estrue

1. Highest 110 101 104

2. Medium 101 10? 107

3. Lowest 104 117 104

Table 13 indicates that there is no effect of parity on milk production

during estrus. Third and fourth-calf cows ease closest to being significantly

different in production.

When all 325 estrus periods were considered, it was found that production

was not statistically altered by the occurence of heat.

Table 13. Effect of parity on milk production during estrus.

1 2 '-
Ranking 1

Parity t X*(5d.f.) t A 1 3 I c t D f E t "T"t Total

1 2.77 (P< .75)
2 1.67 (P<.90)
3 6.63 (P < .25)
4 7.27 (P< .25)

5 and over 2.6? (?<. .75)

Total 2.93 (P< .75)

21
10
10
4
4

18
12
19
8
4

61

25
7

17
2
4

55

23
11
10
10
2

56

17
U
9
8
1

46

25 129
12 63

13 78

\ S
58 325

As Table 14 illustrates, no significant differences were found when the

effect of production class on milk production during estrus was considered.
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This would mean that a oow gives essentially the same amount of milk during her

heat period as daring the rest of her estrus cycle, and that the amount of milk

she usually gives does not affeot her silk yield on day of heat.

Table 14. Effect of production class on milk production during estrus.

t Ranking s

Production t i i i i > » t

class ; t t i i t i <

Ib/milk/dayi X2(5d.f.) t A i Bi C > D » £t f » Total

0-14 I.H.* 10 1
15-29 4.50(P<.50) 5 U 9 11 5 9 50
30-4* 4,08 (P'.75) 25 28 23 24 16 28 144
45-59 0.58 (P<.99) 15 18 16 17 18 15 99
>60 2.85 (P ^ .75) » 3 7 4 7 6 31

I.H. » Insufficient numbers.

As can be seen from Table 15* there were no significant differences in

milk production during estrus due to stage of lactation. However, there was

an indication that production was higher, proportionally, on the day of heat

when the cow had been in lactation fewer than 60 days, than when she had been

milking longer than 60 days.

Table 15. Effect of stage of lactation on milk production during estrus.

1 2 *- Ranking e
i

Days fresh t X (5d.f.) i A : & i 8 t i £ i i | t Total

< 60 5.66 (P < .50)

* 60 8.23 (P< .25)

17

32

8

52

16 11

39 *6

18

31

12

43

82

243

There was no significant differences in milk production during estrus due

to season of year. Production during estrus may be affected by the fall season,

but this is doubtful.
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Table 16* Effect of season on silk production daring estrus.

1
2

%
»

t X (5d.f.) I

Ranking t

Season A i B : C : D i E I 1 : total

.'inter 2.89 (P<.75) 15 20 20 15 14 13 97

Spring 2.17 (P<.90) 10 13 8 13 14 12 70

-?\WBi0y 2.95 (P<.73) 9 15 11 16 14 11 76

Fall 6.55(P<.50) U 13 16 12 6 18 80

So single year seased to have any significant effect on estrus milk

yield, as shown In Table 17*

Table 17* Effect of year on milk production during estrus.

2 ' 1

1 X*(5d.f.) 1

Ranking I

"""

Tear A t B t C : D t £ : F 1 Total

I960* 5.50 (P <.50) 7 3 9 6 4 3 32

1959 5.42 (P<.50) 16 27 23 17 14 20 118

1958 1.81 (P<.90) 8 10 9 12 12 13 64

1957 5.98 (P<.50) 5 8 2 9 4 4 32

1956 2.67 (P<.75) 7 7 9 5 8 u 47
1955 2.20 (P<.90) 4 4 3 3 2 2 20

1954 3.00 (P<.75) 2 1 1 2 4 2 12

Onl;f winter Is included,1

DISOJS3I0H

Day* Post-partum to First Estras

Studying 222 instances of Initial neat after parturition In four dairy

breeds, it was found that the mean number of days for all breeds was 43.3,

with a standard deviation of 26.4 days, a coefficient of variation of 60.8.

and a range of 6 to 159 days.

These figures are In general agreement with most of the sources itemised

in the review of literature, where means ranged from 32 to 82.2 days, and
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standard deviations from 27 to 50 days.

Do coefficients of variation were given by any of the sources, but for

comparison coefficients of variation have been computed from the data they

listed. Coefficients of variation are fort Herman and Edmondson (17) ^+9.1.

Branton, et^. (2) 47.4, Canaan* s (4) first herd 5^.1# Canaan's second herd

70.4, and Chapman and Caeida (6) 56. 5* Coefficients of variation ranged in

this study frcn 50*8 to 62.0, and so would seem to be in agreement with other

work.

Means vary among different herds as a result of different breeds and

environmental conditions. The means obtained in this study were toward the

lower end of the range when compared with the other works* yet were still in

close harmony with other means.

There seemed to be a breed difference in the time a cow took from

parturition to first heat. Also, there was a great deal of variation within

a breed. Olds and Seath (25) found much variation among cows, too.

la the data presented here* 37-4 per cent of the cows had come in heat

within 30 days of calving, 41.4 per cent after 30 to 60 days, 14.4 per cent

after 60 to 90 days, 5.4 per cent after 90 to 120 days, and 1.4 per cent

after 120 days.

Cumulatively, 37*4 per cent had exhibited heat by 30 days, 78.8 per cent

by 60 days, and 93 par cent by 90 days. This compares closely with work done

by Trlmberger (33). vho found 30 per cent o£ the cows came in heat by 30 days,

81.5 per cent by 60 days, and 97 par cent by 90 days.

Herman and Sctmondson (17) reported that 59 par cent of the cows they

worked with showed estrus within 60 days of parturition, 30 per cent more by

90 days, 7.6 per cent more by 120 days, and 3*4 per cent more after that time.



On the whole, cows in this study tended to be slightly slower in showing estrus

after freshening then Triaberger*s work Indicated, and slightly quicker than

the results obtained by Herman and Sdmondson*

Carman (**) concluded that parity and age differences are responsible for

only a snail part of variations found in the period post-partum to heat*

Warniek (35), and Buoh, Tyler, and Gaaida (3) agree with this finding.

Hammond and Sanders (15) and Herman and sdmondson (17) however, are in

disagreement with this statement. This study tends to aide with the last two

reports* A great deal of variation was found, but It did seem that parity had

some effect on the length of the period from calving to heat.

Season, too, appeared to affect the interval from freshening to estrus,

with the interval being longer in spring and summer, and shorter in fall and

winter. Herman and Sdmondson (17) could find no effect of season of year on

the time from calving to estrus.

Buoh, Tyler, and Caaida (3) showed a significant difference between cows

calving in different seasons* 3o did Carman (4). Re stated the theory that

the length of daylight hours influences breeding behavior.

Although in agreement that there is a seasonal effect, the results from

this work are in active discord with the latter two workers aa to which

seasons have the longest and shortest intervals.

Carman (k) thought years had little effect on the time from parturition

to estrus. On the other hand, Warniek (35) demonstrated aa effect due to

years, but did not elaborate. In this study, although some variation was

found, the Interval from calving to heat appeared to be about the same year

after year.
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Estiaates of repeatability calculated In this work agreed beet with the

results reported by Warniok (35) In beef cattle. He found the repeatability

estimate of three records to be -4 per oentj two records, Ik per cent; and

combined estiaate, 16 per cent*

Estimates of repeatability in this study tended to vary by parity and by

breed from to 31 per cent. The pooled estimate for all breeds was 2.7 per

cent. Olds and Seath (25) , reported a repeatability of 29 per cent for single

records. Working with two herds. Carman (*>) estimated it to be 15 per cent

and 27 pmr oent.

Effect of the Estrus Period on Milk Production

There appeared to be a slight tendency for silk yield to be highest the

day before heat and lowest on the day of heat in this work, when the three

days centered on day of heat only are considered, although it was not stat-

istically significant. Estrus did not seem to affect milk production sub.

stantially though. This is in general agreement with conclusions drawn by

Sehropp and Lohner (30), PoUdori (23), Jordato and Assia (20), MoCandlish

(23), Gopeland (7), Hooper and Baoon (19). and Srb, et al. (12).

Erb, et al. (12) reported that the age of the cow and month of estrus

cause less variation in milk flow on day of heat than does stage of lactation.

They found that oows declined more in production on that day if they had been

laetating over 100 days. IJo effects of parity or season were found in this

study either. Also in agreement with the above cited work was the fact that,

although nonsignificant, oows milking less than 60 days tended to produce more

on the day of heat, and to drop more after 60 days of lactation*
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A study wui aada of the interval from parturition to subsequent first

estros in a hard composed of four breads of dairy ©ows. Also studied vas the

effect of estrus on milk produotion in toe itolstein-Friesian bread* Data were

obtained from a reliable herdbook and daily milk records.

The results of the study on days post-partua to first heat generally

agreed with previous work. Including all four breeds, the mean was 43.3 daysj

the standard deviation, Z6A days* the coefficient of variation, 60.8 days?

and the range, 6 to 159 days,

Moat cows came in heat within JO to 60 days after freshening. Three.

quarters of the cows exhibited estrus within 60 days of calving. It would

seem that half the cows in a mixed herd core into heat within six weeks of

parturition, and the other half after six weeks. After three months only

seven per cent of the cows had not yet shown an estrus period.

Parity does seam to have some effect on the period from calving to estrus,

although there is so much variation that the effect is not much.

The effect of season on days fresh to first heat appears to be substantial.

On the average, the time from calving to first estrus is longer in the spring

and sanmcr, and shorter in fall and winter. This last finding disagrees with

results reported by other workers.

There is little yearly effect on the post-partum to first heat period.

Cows in this study were consistent from year to year.

Repeatability estimates were made between parity groups, among breeds, and

pooled for all parities and breeds. As a breed, the Guernseys had the highest

estimate, the Holsteia-Friesians, the lowest. For the four breeds, the pooled

estimate of repeatability was 2,7 per cent.
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The effect of the eetrus period on nilk yield we shown to bo extremely

slight, in foot negligible. There wee o nonsignificant tendency for production

to bo highest the day before hoot and lowest the day of heat.

There woo no detectable offoot of parity* production class, season, or

year on production during the throe days centered on the day of heat.

Stage of lactation had no significant effect on production either, but it

appeared that cows in lactation fewer than 60 days goto aero milk the day of

estrus, and that cows silking for more then 60 days hod a reduced flow of eilk

on the day of boat*
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Tablo 18. Effoet of Mtion and parity on days froth to first •otruo in
KolstoiBo.

t Days freeh to first eetrus

I Viator i Spring t oor t Pall
Pority 1 Omni l Moon t COWO i Moon t OMfO t l4an t OOVO J NMB

1

t

I
5
6

10

6
4
2
1

59.4
51.7
jo.0
85.0
42.0

9
5
5
1

54.2
6%&
42.7
91.0

6
8
4
2
2

27.2
*7.9
81.5
45.0
70.5

14 3*.7

5 52.5
5 59.2
3 4l.o
1 29.0
2 59.5

rablo 19. Sffoot of
Ayrshire!.

and parity en days freeh to firot estroo in

ass

Parity
winter t

Govs t :*an t*

Days froofa to firot ootruo

Govs t Moon
Sooner

Gout i Moon
t Fall

"i Oovo i fcoan

1
2

J

I

6 57.5 4

5
2
1

40.0
&>.8
49.5
43.0

59.0

4

5
5
2
2
1

57.2
25.7
*1.3
18.0
45.0
96.0

11

3

1
1

50.0
60.5

17I0
24.0

rablo 20. Effect of
Guernsey*.

ooaaen and parity on dayo freeh to first eetnte in

.Parity.

Winter 1

Cove 1 Moon 1

Pays freefa to firot ootroe

Cows » Moan iTJows t Mean"
i Pall

"% Oovo 1 Moan

1

2

I

6
2
1

1

59.7
31.5
50.0
55.0

5
2
4
1

40.4

15.5
29.8
«9.0

22.0

58.0

9
8
2
1

1

25.7
25.4
19.5
11.0
9.0
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Tatalo 21. Effoot of soaeon tad parity on days fresh to first estrus la
MMHHKi

1
---j 23»p fyh fr first oatfua

; Winter ; spring ; Smsaar i Fall
Parity >"" Sowo » Moan i~ loan : Cows t Moan

"
Moan

1 6 24.7 2 67.0 1 46.0 6 46.8
a 2 52*0 4 63.5 1 63.0 2 24.5

3 3 28.0 3 50.0 — — •» **
4 1 52.0 2 25.5 — — — -
5 1 3?.0 1 79.0 —
6 — — X 37.0 —
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Estrus, or period of heat. It a normal function of the dairy cow.

Although it la observed frequently la all open cows, much la still

about its effects or what influences it*

WroelliUl efficiency la lowered when the period from parturition to first

estrus la too long. Therefore, It la necessary to know when dairy cows return

to breeding condition* Farmers generally agree that cows in heat mry their

allk flow front normal, yet previous research ganerally has shown the effects

of si tma to be iaoonsequentel.

Data studied were taken frow the Kansas State University dairy herdbook,

and dally allk record sheets, AH living cows of the four dairy breeds kept

by the University were studied, with the history of all calving dates and

initial heat periods post-partaa being recorded. The data were studied and

oaaptrs-1 by breed, parity, bobson, and year. Repeatability estiaatea were

calculated. Milk Droduotion for the three days centered on day of heat was

noted for every heat period in the life of the 38 Holstein-Frlesian cows la

the herd, Use data were broken down Into groups of parity, season, year,

stage of lactation, and production class.

Mean days post-partua to first estrus ranged from 29.8 days In the

Guernsey breed, to <*8,6 in the Holatein-Frlesian breed. The all-breed mean

was 43.3 daye, the standard deviation, 26,4 days, and the coefficient of

variation, 60,8 days. There appeared to be a breed difference, with much

variation within a breed. The range was 6 to 159 days.

The greatest percentage of cows exhibited estrus within a period of 30 to

60 days after parturition. The second greatest percentage came in heat before

30 days of lactation. Cumulatively, three..quarters of the cows had an estrus

within 60 days of calving. After 90 days, approximately seven per cent had



not yet old A heat period*

Although mob variation van found, there appeared to ba an influonoa on

days after fraahaning to first haat due to parity and season. Longer intervals

vara found in spring and summer months, shorter intervals in fall and winter

Bonths. Ha affact due to years was found* the time from calving to first

Estimates of repeatability from one parity to the next ranged between

breeds from to 31 par sent. The pooled estimate for all four breeds was

2.7 par cent.

It vat assumed that eatrus either does not materially affoat milk produc-

tion, or the influence la negligible since no significant differences ware

found due to parity, production class, stage of lactation, aaaaon* or year.

However, although not significant, there was a alight tendency for milk

production to bo highest on the day before haat and lowest on the day of neat

when the day before* the day of haat* and the day aftar were considered. If

not duo to random variation* this may have been due to hormonal actions.

Milk production on day of haat flamed to ba higher in cows that had been

lactatlAg fewer than 60 days, and lower in cows in milk longer than 60 days.

Although nonsignificant, this indication agrees with other reported work.


