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CHAPTER |

INTRODUCTION

A number of items influence production records of dairy cows.

Most dairy farmers recognize some of these, while many are generally
overlooked. Items usually accepted as influencing production records
are: age, body weight, frequency of milking, quality and amount of feed,
general care and management, and length of lactation. Other items,
affecting production, that are often given little attention are: the
length of dry period, the number of days open during lactation, and
calving interval.

Conversion factors are available and in common use for age and
milking frequency. Factors have been devised to adjust for the influence
of days carried calf, but have not been widely accepted.

With the growth of artificial insemination the problem of sire
selection committees has been compounded. They have a tremendous respon-
sibility to dairy cattle owners since they are making selection for all
stud patrons. As sire selection is so hazardous, it is very important to
account for all possible variables which may influence production records
in order to improve the accuracy of selection procedure. Owners have
the same problem in selecting foundation or replacement animals. However,
when considered on a herd basis, individual female selection will not
exert nearly the influence on total potential improvement as male

selection.
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The purpose of this study is to attempt to evaluate the importance
of dry periods, and days carried calf as they influence production in

DHIA herds in Tennessee.



CHAPTER I

REVIEW OF LITERATURE

Influence of Dry Period on Production

It is generally agreed that cows should have a rest period of
from six to eight weeks in order to produce at maximum levels during the
next lactation. There, however, continue to be reports of individual cows
completing phenomenal records without dry periods. This along with good
production from individual cows at the‘time they should be dry, especially
during base production periods, may cause dairymen to question the im-
portance of the dry period. Further credence is given this idea as all
investigators have not reported similar results.

In 1923 Hammond and Sanders (13) found that cows dry 80 to 119
days produced 14.2 per cent more milk, and cows dry 40 to 79 days gave
10.9 per cent more milk than did cows dry 39 days or less. A total of
L0O8 records were used in this study. Sanders (27) found that it was
necessary to add as much as 25 per cent to records of cows dry less than
ten days prior to their second lactation to compensate for lost milk
production. He also reported that cows with dry periods of more than 120
days should have their records reduced by 15 per cent to standardize
their production.

Arnold and Becker (1) found that Jersey cows produced maximum
yields following dry periods of from 31 to 60 days. They also reported
that dry periods of over 91 days appeared to result in lower production.

3
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Considering production following a 31-60 day dry period as 100 per cent,
production was 92.38 per cent after a dry period of less than 30 days,
94.68 per cent with a 61 to 90 day dry period, and 88.77 per cent
following a dry period of more than 91 days.

As cows are dried off in preparation for a subsequent lactation,
milk is lost from the present lactation. |f dry periods are to be
economical these losses must be compensated for in the next lactation.

A study with these items in mind and for the establishment of the length
of optimum dry period was undertaken by Klein and Woodward (17). Using
records of cows with a 360 to 370 day calving interval, it was found that
55 days was the optimum dry period. This was accomplished by developing
an average lactation curve for these cows. The 4 per cent FCM for each

of the 11 months was expressed as a percentage of the total FCM production.
A curve was fitted to these percentages and extrapolated through the 12th
month. |t was found that with shorter dry periods more milk was lost in the
next lactation than was gained in the present lactation. With dry

periods longer than 55 days, more milk was lost from the present lactation
than was gained in the next lactation.

Goodwin and Erb (11) working with DHIA records found that cows
dry 9 days or less before a record averaged 1,459 pounds less milk and
62 pounds less fat than cows dry 50 to 59 days. Morrow et al. (20) re-
ported maximum yields following dry periods of approximately 65 days.

Swanson (29) working with identical twins handled all sets alike
during the first lactation, except that one of each pair was dried off

for an 8 week dry period. The other member of each pair was milked




D
continuously until calving. The dry cows were fed only roughage, while
milking mates received concentrates in addition to roughage. All members
received the same treatment in the second lactation as during the first
lactation.

When second lactations were completed, the continuously milked twins
had produced only 75 per cent of the normal twin's production. During
the third lactation, or after the second year of continuous milking
production was only 62 per cent of the normal twin's yield. However, a
large part of this was due to one continuously milked twin milking only
seven weeks of her third lactation. When the production of this set of
twins is excluded, the production of the continuously milked twins was
still only 70 per cent of the normal twin's production.

As it was not possible to continue through the third year because
production of the continuous milked twins was too low, it appears that
the effect of no dry period was accumulative. Sanders (27) points out
that the accumulative effect of dry period appears to be more for young
cows than older cows.

Other workers found that the length of the dry period had little
influence on production. Thompson et al. (30) reported that the in-
fluence of the length of dry period on production was not statistically
significant. Plum (23) found that only slightly more than 1 per cent
of the variation in lactation records was due to the length of the dry
period. Lee et al. (18) reported that the regression of FCM on dry period
was only 0.9 pound of FCM per day of dry period. Smith and Legates (28)

found that the length of the previous dry period accounted for less than
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0.1 per cent of the variation in milk production and only 0.3 per cent of
the variation in fat yield.

Dickerson (4) also reported little difference in production
associated with dry period, except possibly with herds in the lowest
production range. Sanders (27) observed that there was little difference
noted in high and low producing herds when dry periods were less than
100 days. In this study the number of cows with dry periods exceeding

100 days were so small they were not conclusive.

Influence of Days Carried Calf on Production

To maintain the ideal calving interval of 12 months cows must
carry a calf for more than 200 days. This means that these cows will
be '"open'' or not bred for only 60-90 days. Days ''Carried Calf' would
be subtracted from total days in the lactation to obtain ''days open''.

A part of the reduction in production is due to nutrients supplied
the developing fetus, but this amount is rather small. In the latter
stages of pregnancy the pregnant dam may require only about 2 per cent
more feed than a non-pregnant cow of the same weight (8). Several
workers have indicated that mammary gland responses to endocrine
stimuli following a dry period may be more important than nutritional
status in controlling the response to dry periods of varying length
(13, 29).

Various workers have reported that cows which were pregnant from
five to eight months of the lactation period produced 250 to 2,500
pounds less milk than cows which were not pregnant during the 305 day

lactation. Brody et al. (2) worked with one group of cows that were not
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bred during lactation and one group in which cows were bred three to four
months after calving. It was found that pregnancy did affect the rate of
decline in production with advance in lactation, especially after the
fifth month. The difference in production was about 450 pounds of milk
in favor of the non-pregnant group. Ragsdale et al. (24) in a study of
Guernsey Advanced Registry records found that production for cows bred
in the third or fourth month of lactation was reduced by 480 to 800
pounds when compared to non-pregnant cows. Gaines and Davidson (9) re-
ported a reduction of 256 pounds of FCM due to pregnancy. Gowen (12) re-
ported 400 to 600 pounds reduction in milk yield. Other workers (26,
13, 10) reported that reduction in yield became more rapid between 16
and 20 weeks of pregnancy.

Sanders (26) found that the time of conception influenced first
lactations and later lactations in the same manner, except when cows
were bred back abnormally early (under 4O days) or extremely late (over
200 days). These extremes were found to be the only time that high and
low producers were affected in a different manner. Working with nine
North Carolina Institutional Holstein herds Smith and Legates (28)
found that the number of days open during lactation significantly in-
fluenced production. They found that days open accounted for 6.5 per
cent of the variation in first lactations, 4.3 per cent in second
lactation, and 4.2 per cent for all lactations. These findings were
based on 4,385 age corrected lactations of 305 days.

In a study of Holstein records at two Ohio Institutional herds

Etgen (5) standardized 1,508 lactation records. For each additional day




open the average cow in this study produced an additional 8.33 pounds
more milk and 0.26 pound more butterfat during that lactation. In a
lactation this could amount to 1,832 pounds of milk and 58 pounds of
butterfat. For two year olds the difference due to gestation between a
cow that conceived at 85 days and one not bred during the 305 day lacta-
tion was 1,263 pounds of milk and 35 pounds of butterfat. For three and
four year olds the difference was 1,887 pounds of milk and 67 pounds of
butterfat. For cows five years old or over the difference was much more,
amounting to 2,685 pounds of milk and 92 pounds of butterfat. Lee et al.
(18) reported an increase of 8.2 pounds of milk and 0.3 pound butterfat

production for each additional day that cows were open during lactation.

Influence of Season of Freshening on Production

The base building period in fluid milk markets, with some slight
variations, is from early fall through the winter months. The market-
ing structure thus favors fall and winter calving. As a resuit, dairy-
men have sought to have a high percentage of their cows calve at the
beginning or during this period. McDowell (19) investigating the
relation of production to season of calving found that fall freshening
cows produced the most milk. Using 10,870 Cow Testing Association (CTA)
records with fall calving being represented by 100 per cent, winter,
summer, and spring calvers were found to produce at the 96, 87, and 86
per cent levels, respectively.

Sanders (25) found that October to February were the best months

for cows to calve. May to August were the poorest months. Beginning
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with cows calving in October the production decreased uniformly for those
freshening in successive months until April. The average production of
cows calving in May dropped considerably and June calvers produced 12

per cent less milk than cows calving in October.

Working with 68,000 CTA records Cannon (3) reported June calving
cows to be the lowest producers and November freshening cows the highest
producers. November fresheners produced 17 per cent more milk than
did cows freshening in June. Cows calving in May, June, and July were
the lowest butterfat producers.

Frick et al. (7) using 22,212 DHIA records found that Ayrshires,
Guernseys, Jerseys and Holsteins followed the same production pattern
when season of calving was studied. They reported February the most
favorable month for calving and July the least favorable. Cows calving
in February produced 14 per cent more milk than cows calving in July.
Cows calving in the months of June, July, August, and September were
the lowest producers. This study was from records in Connecticut.

Turner (31) alsc reported that cows calving in fall and winter
produced more milk than those calving in spring and summer. Morrow
et al. (20) found that Ayrshire and Guernseys freshening in the fall
and winter had higher total production. With Jerseys there was no
significant relationship between month of freshening and milk production.

Two workers in different studies, Wylie (33) and Woodward (32),
observed that the season of calving was less significant if adequate
feed could be furnished during all seasons of the year. When records

obtained from different states are combined geographic location may
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tend to equalize the influence of season of calving. Woodward (32) studying
DHIA records from 12 states found that the variation in production between
groups calving in different months to be relatively low. Cows freshening

in July had the lowest average production, and cows freshening in November
had the highest average production. However, the difference between
production in the two months was only 2.5 per cent.

Reports from workers in the South and far West of the United
States may indicate that feed and climate may combine to give results
different from those obtained from other areas of the Nation.

In a report on 2,900 Register of Merit records made by Jersey cows
in Tennessee, Wylie (33) found that cows calving in July and March were
comparable in production to cows calving from October through February.
Butterfat production followed the same pattern.

A study in Western Oregon of 2,690 first-calf lactations by Oloufa
and Jones (21), showed that season of calving did not appreciably effect
the yearly butterfat production. The mean temperature in this area was
65 degrees Fahrenheit in July and 38 degrees Fahrenheit in December.

in two Georgia studies, Fosgate and Welch (6), and Lee et al. (18)
found that cows calving in the winter and spring produced more FCM and
more butterfat than cows calving in fall and summer. Johnston et al. (I15)
reporting on Jersey records made in Louisana over a ten year period
found that cows freshening in early spring produced 12 per cent more FCM

than cows freshening in late summer.



CHAPTER |11

PROCEDURE

Source of Data

Data for this study were obtained from Tennessee DHIA records
completed between October |, 1959, and October 31, 1964. Lactation
records from all Jersey herds participating in the machine processed
record keeping program were considered for use. Records from herds
completing fewer than ten lactations were not used. All abnormal
lactations were discarded. Lactations of more than 305 days or less
than 200 days were discarded.

A total of 5,318 lactation records were found to meet the require-
ments of this study. These lactations were completed in 84 different
herds. Of this total, 36 herds were located in East Tennessee, 33 in
Middle Tennessee, and 15 in West Tennessee. These herds were located

in 33 different counties.

Method of Analysis

All records were corrected for age by the use of DHIA conversion
factors developed by Kendrick (16). A number of investigators (3, 6, 7,
15, 18, 19, 20, 25, 31) have shown that season of freshening can in-
fluence production, and may affect the other variables if different
breeding practices are followed in different seasons. An attempt was
made to remove the effects of year and seasons in the analysis. This
was accomplished by dividing the time period into year-season subclasses

11




based on freshening dates as shown in Table I.

To determine the effects of length of previous dry period and days
carried calf on production of milk and fat, the nested analysis of
covariance was completed using the method and program outlined by Heath
(14) for electronic computers. The major classification in this analysis
was herds with year-season subclasses nested within herds. Analysis of
covariance (as outlined by Ostle (22)) was obtained for dependent variables,
mature equivalent milk and fat, with independent variables, days carried
calf, and preceeding dry period. The regression coefficients were de-
rived from the within herd and year-season variances and covariances.
Thus the effect of herds and year-seasons were removed from the re-
gressions.

To determine if the effects of days carried calf and dry period
were different for younger cows than older cows, the data were divided
into first, second, third or later lactations. |t was assumed that
cows starting lactations at 36 months of .age or less were beginning
their first lactation. Cows beginning lactations at 37 months through
48 months of age were considered milking in their second lactation.

Cows 49 months or older were considered milking in their third or later
lactation. A few young cows were likely credited with two 'first!
lactations with this age division for various lactations. This division
resulted in 1,600 first lactations, 1,31 second lactations, and 2,687
third or later lactations.

To determine the effect of dry period and days carried calf on

cows at different production levels, the first lactation, second lacta-



TABLE

YEAR- SEASON SUBCLASSES BASED ON FRESHENING DATES

13

Year-Season Month Year Month Year
1 October 1959 through March 1960
2 April 1960 through September 1960
3 October 1960 through March 1961
L April 1961 through September 1961
5 October 1961 through March 1962
6 April 1962 through September 1962
7 October 1962 through March 1963
8 April 1963 through September 1963
9 October 1963 through March 1964

10 April 1964 through September 1964




tion, third or later lactations were further sub-divided into low,
medium, and high production groups which should place 25 to 45 per cent
of the records in each group. The production level groupings based on
mature equivalent milk production were: (1) less than 7,000 pounds,

(2) from 7,000 pounds to 8,999 pounds, and (3) 9,000 pounds and above.
This division placed 480 first lactations in the low production group,
631 in the medium production group, and 489 in the high production group.
Second lactation records were divided as follows: 305 in the low
production group, 378 in the medium group, and 348 in the high group.
Third or later lactations placed 703, 1,045, and 939 in the low,

medium, and high production groups, respectively.



CHAPTER [V

RESULTS AND DISCUSSION

The average milk and fat production with standard deviations on
a within herd and season basis are shown in Table |l. Means for length
of preceeding dry period and days carried calf along with standard de-
viations are also shown in Table Il. Apparently a number of cows in-
cluded in the first lactation group actually had two ''first'' lactations
due to the arbitrary age groupings for the various lactations. This
accounts for the average of six days for the preceeding dry period in
the first lactation. This also distorts the average days dry for cows
in all lactations.

The means for milk and fat production, for days carried calf,
and preceeding dry period for various production levels within lactations
are presented in Table Ill. Little difference is noted between lacta-
tions in production, in days carried calf, and in preceeding dry period,
except that cows in first lactation would have no preceeding dry period.
The small average preceeding dry period for first lactation was ex-
plained in the discussion of Table Il. It has been felt by some that
Mature Equivalent factors, used under Tennessee conditions, are incorrect.
However, the very similar mature equivalent production levels for all
age classes in Tables Il and Ill indicate that these factors are

applicable to Tennessee conditions.

15
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Influence of Days Carried Calf on Production

The analysis of covariance for milk on days carried calf for all
lactations is presented in Table IV. After removing the influence of
herds and the influence of seasons within herds, it was found that for
each day cows carried calf during the lactation they lost 0.585 pound
of milk. This was found to be significant at the 10 per cent level. The
regression measured on total herds represented in Table |V would indicate
a loss of only 0.239 pound for each day of pregnancy during lactation.
This indicates that differences among herds tend to mask the true re-
lationship of days carried calf and production. This is probably caused
by variations in management practices among herds.

Corresponding information for fat is presented in Table V. For
each day cows carried calf during lactation they lost 0.0358 pound of
fat. This was found to be significant at the 5 per cent level,

Linear regression coefficients between milk and fat production
and days carried calf were established for all lactations and for low,
medium, and high producing groups in each lactation. This information
is presented in Table VI. It is very evident that the low production
groups did not follow the expected pattern in either milk or fat
production. These groups showed an increase in milk and fat production
rather than a decrease. The regressions for the low production group in
the second lactation for milk and fat and in the third lactation for
milk were different from zero at the 10 per cent level of probability.
Third lactation fat production in the low group was significant at

the 1 per cent level. These positive regressions were probably due to
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a high incidence of short lactations in these low producing groups which
would result in a postive relationship between days carried calf and
length of lactation. A slight gain in production was also noted in milk |
at the medium level in both first and second lactations.

As would be expected total milk and fat production followed a
related pattern at all levels. Loss in milk and fat was highest in the
high producing group. Cows in the first lactation high production group
lost 1.1 pounds of milk for each day carried calf during lactation. The
highest loss was in the second lactation high production group. Cows in
this group lost 3.33 pounds of milk and 0.224 pound of fat for each day
of pregnancy during lactation. These values were significant at the 1
per cent level. However, it should be noted that the second lactation as
a group did not follow the general pattern of other lactations in this
study.

Assuming that cows were pregnant for 220 days during lactation,
those with third or later lactations compared to non-pregnant cows would
lose 378 pounds of milk and 19 pounds of fat. Results presented by
Etgen (5) indicated that Holstein cows in a similar age group lost 2,685
pounds of milk and 92 pounds of fat. Lee et al. (18) reported figures
very close to these. However, both of these workers reported on Holstein
records from a small number of well managed, closely supervised herds
at the 12,000 pound production level.

Gaines and Davidson (9) reported that cows lost 256 pounds of
FCM during the first five months of pregnancy. This was similar to

the findings in this study. Gowen (12) reported a loss of 400 to 600
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pounds in milk yield for Guernseys due to pregnancy during lactation.
When all records in all lactations in this study are considered, the loss
in milk due to 220 days pregnancy would be 130 pounds of milk and 7.9
pounds of fat.

It was found that less than | per cent of the variation in milk
and fat production was due to days carried calf. However, Smith and
Legates (28) in a study with high producing Holstein herds reported that
L to 6 per cent of the variation in milk and fat production was caused
by variation in days open. This difference may be partially explained
by differences in production levels.

Although very little of the variation was controlled in this
study, it is believed that days carried calf is an important consideration
for sire selection committees. This is especially true when attempting

to evaulate production records in high producing herds.

Dry Period Influence on Production

Linear regression coefficients of milk and fat production on dry
period are presented in Table VI!. |In this portion of the study the
second lactation did not follow the expected pattern in the regression
of milk and fat production on dry period, especially in the high produc-
ing group. The third and later lactation group did follow the expected
pattern of gaining in production due to the dry period. Considering
all production levels cows in the second lactation gained 2.95 pounds
of milk and 0.116 pound of fat for each day dry preceeding lactation.
These gains were not significant.

Computations could not be made for all lactations, because cows in



24

l0° ueyy sse| A3jjiqeqoud g

G0* ueyl ssa| A31|iqeqoud e

9L1° 0+ #50° 0+ 050" 0+ 720" 0+ T LT+ om0+ 16" 1+ is3eT
pue pJiylL
911" 0+ gLl 0+ $90° 0+ 10~ $6° T+ ZLog+ €671+ 69°Z- puooas
v MO Wn 1 pay 46 1H v MO Wn 1 paw 46 1H uo13e30e

uoi3onpoid 1e4 UO13oNpodd ALIW

ST3A3T NOILINAOYd ANV SNOILVLIV1 SNOIYVA
JHL 404 a0l¥3d A¥A 9NIQ33I3dd NO NOILINAOYd LV4 ANV MTIW 40 SINIiJ1d44303 NOISSIHIIFY ¥VIANI

11IA 3718Vl



25

first lactation had no dry period, thus in considering all lactations
figures would be completely distorted. |In the third or later lactations
the expected pattern was followed. |In these lactations cows gained 4.27

pounds of milk and 0.176 pound of fat for each day dry prior to lactation.
These figures were found to be significant at the | per cent level. Cows
in the third or later lactation had a mean of 56 days as a dry period.

This is considered at or near the optimum number of days for cows to be
dry. On the basis of this dry period, cows in this lactation would

produce 239 pounds of milk and 9.8 pounds of fat in excess of the production
of cows with no dry period, assuming that extremely short dry periods

fit the linear regression equation derived in this study.

In this study less than 1 per cent of the variation in milk
production was due to dry period. Smith and Legates (28) reported less
than 0.1 per cent and Plum (23) reported slightly more than | per cent
of the variation was controlled by the dry period.

Goodwin and Erb (11) reported quite different results in that
cows dry less than nine days produced 1,459 pounds of milk less than cows
having an optimum dry period. Thompson et al. (30) and Dickerson (4)

found that dry period had little influence on production.



CHAPTER V
SUMMARY AND CONCLUSIONS

This study consisted of an analysis of 5,318 mature equivalent DHIA
records of Jersey cows from Tennessee herds enrolled in the machine proc-
essed record keeping program. The object was to évaulate the influence
of dry periods and days carried calf on production. Lactation records
were divided into first, second, and third or later lactations for
additional analysis. Records were also divided into groups accqrding to
production levels for analysis.

In the portion of this study devoted to days carried calf and its
influence on production, it was found that there were deviations from the
expected pattern. This was especially true in the low production groups.
Without exception, these groups gained production due to pregnancy
rather than the expected loss. This could be in part due to short
lactations in the low producing groups. Cows in the high group of the
second lactation lost 3.33 pounds of milk and 0.224 pound of fat for
each day of pregnancy. Both milk and fat regressions were found to be
significant at the 1 per cent level. All classes (first, second, third
or later lactations) in the high production groups lost milk at the
rate of 1.10, 3.33, and 0.93 pounds per day for each day of pregnancy
during lactation. Losses for fat for the same groups were 0.084, 0.224,
and 0.092 pound per day. Fat loss in the first lactation was found to

be significant at the 10 per cent level, and at the 5 per cent level in
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the third or later lactation. Combining all lactations, the loss in milk
was significant at the 10 per cent level, and the loss in fat was signifi-
cant at the 5 per cent level.

Although the regressions in some cases were significant, it was
found that less than 1 per cent of the variation in milk production in
these herds was due to days carried calf.

In the dry period study, cows in the high production group of the
second lactation lost rather than gained production due to dry period.
Considering all levels of production in the second lactation, it was
found that the gain was 2.95 pounds of milk and 0.116 pound of fat per
day due to dry period. A gain of 4.27 pounds of milk and 0.176 pound
of fat per day of dry period occurred for cows in the third or later
lactation. Regression coefficients for the third or later lactation
were found to be significant at the 1 per cent level. However, less
than 1 per cent of the variation in milk and fat production was due to
the dry period.

Upon the basis of the results found in this study, one would
conclude that DHIA records as reported in Tennessee were influenced
very little by days dry and days carried calf. Less than | per cent of
the variation in milk and fat production was due to dry period and less
than 1 per cent of the variation in milk and fat production was due to
days carried calf. The small percentage of extremely short dry periods
would probably explain the much smaller per cent of variation due to dry
period in this study than was found in controlled studies involving very

short dry periods.
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