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3
REVIEW OF LITERATURE 

Selye (22) has written that exposure to stressor agents elicits 
an alarm reaction as the first manifestations of stress* This alarm 
reaction is characterized by a series of adaptive changes which occur as 
a means of defense or resistance against these stressor agents* In the 
event that the imposed stress is greater than the animal’s ability to 
compensate for it, then a last line defense is set up which he calls the 
General Adaptation Syndrome *

Selye states (23), ’’The alarm reaction is not necessarily a 
pathologic phenomen. In the case of mild exposure to stress, there is 
no shock in the ordinary sense of the word* Slight hyperglycemia, 
tachycardia and leucocytosis may be the only signs of alarm.” In the case 
of the generan adaptation syndrome, regardless of cause, certain changes 
are invariably noted. Among these are the involution of the thymico- 
lymphatic apparatus, the appearance of gastro-Intestinal ulcers and the 
enlargement of the adrenal cortex, with it’s discharge of hormones, lipids 
and ascorbic acid (21).

The stressor agents are classified as specific or non specific, 
depending upon their effect on the animal* Specific agents are those 
whose effect is directed toward a single target or relatively small group 
of cells. Stress elicited by specific stressor agents may or may not be 
drastic, depending upon the importance of the target organ to the life 
processes of the organism* Non specific agents are systemic in their effect.

According to Selye, Virchow (24) was the first to point out that 
blood poison corresponded to leucocytocis, and Israel recognized that this 
was not a disease in itself, but the result of disease* (24) By the end 
of the last century it was generally accepted that most types of leucocy~
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tosis are of a non specific nature# It has also been recognised that 
some abnormalities of the blood count are highly specific for certain 
diseases# As a result the differential blood count has become an 
important diagnostic tool in modern medicine#

It has been shown that the white cell count is normally 
different in different vascular territories of the body and that these 
differences may be more pronounced as the result of divers© injuries* (24) 
This indicates that a rise or fall in the level of circulating leucocytes 
is not necessarily indicative of an altered production or destruction of 
these cells. It would appear then that the diagnostic value of the whit© 
blood cell count is greatest when it is used in conjunction with other 
diagnostic tests#

Marlow and Selye (11) showed that such diverse alarming stimuli 
as adrenaline, formaldehyde, cold, trauma or forced exercise, cause essen- 
tially similar changes in the whit© cell count ( ,»us© and rat)# They 
noted that the white cell count increased as the result of an increase in 
the member of neutrophils during the alarm reaction# At the same time 
there was a relative decrease in the number of lymphocytes# They observed 
that alarm stimuli strong enough to cause death, resulted in leucopenia# 
They (ll) also observed that under stress of this kind the eosinophils 
decrease almost to the diminishing point, but reappear later in greater 
numbers when the neutrophils return to normal#

Randolph and Rollins (19) showed that this eos inophenia is a 
constant sign of alarm reaction in man and that it is probably mediated 
through the discharge of ACTH and glucocortlceids• This clinical obser
vation has been developed into a diagnostic test for the integrity of
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th© pituitary and adrenal cortex (32)*

In various allergic conditions eosinophilia is rather character- 
Istic and sometimes attains extremely high levels# Marked fluctuations, 
however, have been seen to occur in the eosinophil and white blood cell 
count during experimental shock produced by various proteins, anaphylaxis, 
histamine and other drugs (25)* In acute allergic attacks in man as well 
as in severe anaphylactic shock in animals eosinopenia tends to develop 
(33)* On the other hand pronounced eosinophilia has been produced in mice 
by feeding them rat muscle infected with Trichina Spiralis (31)•

Urbach and Cottleib state (33), 11 It is now generally accepted 
that the eosinophil cells participate in the defensw process of th© human 
body, especially in cone it ions of hyper sensitiveness*11 Selye (26) points 
out that it is well to remember that diametrically opposed reactions may 
be produced by the same agent under different experimental conditions*
He therefore concludes that the eosinopenia of the alarm reaction may be 
related to the eosinophilia of parasitic infestations and allergic conditions# 
Gradwohl (7) states that the same processes which in moderate degree may 
produce eosinophilia, in greater degree cause either hypereosinophilia 
or aneosinophllia#

The functional significance of the eosinophilia of parasitic 
infestations is not known, but Godlowski (6) found that snaphylactogenic 
protein could be detected in eosinophils, but not in other leucocytes* 
According to Best and Taylor (2), eosinophils are not markedly motile 
and are not phagocytic* They do migrate to the sit© of infection (14), 
probably ss the result of chemotaxis*
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ia the lywphoe^t®®* W» states that ttmm laar&feslattons mm probably 
the first stag® of its* adaptation î nadroae, which Ismilres 
eortioal hyp©p®@ erotic® mm th# result of pituitaxy stijmlatiGja follev* 
lug stress# The failure of tbs psychotic patients to respond may have 
boon due to a failure in the adrenal eortex or to a failure in the 
pituitary secretion*

fhora (32) has shown that the love! of olreaXatiag coatnc* 
phils is controlled by the oox^eoostsrolds* Therefor© it la reasonable 
to assume that the la the eosinophil level of animals subjected
to th© stress of heat should be indieaiiv© of the resistance to the stress 
and might he useful as an additional measure of heat tolerance*
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Eosinophil Ltfili in l|lgfr Producing Cows 
The cows used in this atisly wore selected from the experimental 

breeding herd ©f purebred Holst©ins at the Agricultural Research Center 
of the a* S* Department of Agriculture, Beltsvllle, Maryland. The feeding 
and management in this herd is designed to standardize, as nearly as 
possible, all enviornmental factors*

Alfalfa hay, 0* S. Grade number 1, was fed ad libitum while the 
cows were confined in the maternity stalls* this was supplemented with 
6 pounds per day per cow of a concentrate mixture made up as follows i 
800 pounds yellow corn* 40Q pounds eata$ 500 pounds wheat hrenf
400 pounds linseed oil meal and 20 pounds salt*

Three days after calving the cows were moved into individual box 
stalls in the test barn* All cows were milked twice per day by hand*
0* S. nwftmr 1 alfalfa hay and com silage were weighed in twice per day 
to each cow* The amounts offered were slightly in excess of consumption, 
so that maximum roughage consumption was assured* The actual consumption 
was approximately l|* pounds and 3 pounds of hay and silage respectively 
per 100 pounds of body weight* The roughage was supplemented with the 
following concentrate mixturet 300 pounds oata$ 300 pounds linseed oil 
asealf 100 pounds com gluten meal* 400 pounds yellow comf 200 pounds 
wheat branj 200 pounds beet pulp and 16 pounds salt* The amounts of this
supplement fed per day were based on Morrison* s Feeding Standards (18)*

Ail available cows calving between June 5, 1952 and August 12,
1952 were used in this study except first calf heifers. The experimental 
period for each cow began when she was placed in the maternity bam,
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which was one to two weeks prior to calving* Blood samples were collected 
from the jugular vein at this time and at semi*weakly intervals through 
th© eighth week postpartum. Whenever possible, a blood sample was collected 
on'th© day of parturition*

Samples of approximately 25 milliliters of blood were drawn into 
plastic centrifuge tube® containing heparin. Theme tubes were rolled between 
the hands to insure complete mixing, after which, 3 or 4 milliliters of
the blood were poured into small aillc&t©& tubes. These small samples were
immediately cooled and placed in an ice chest for transportation to the 
laboratory. It was from those chilled samples that the total leucocyte 
counts and the eosinophil counts were made. Sodium fluoride and thymol 
were added to th© blood remaining in the plastic tubes, and these 
samples were used for the blood glucose determinations. These determinations 
were mad© by the method of Shaffer, Hartmann and Somogyi (15)*

The procedure followed in making th© total leucocyte counts
was one initiated by T1alaeaea (8) • 4 method described by Friediaan (10)
was used in making the eosinophil count. A special stain which is 
specific for eosinophils is the essential feature of this method.

411 computations relative to th© nutrient intake were based 
on records which were available in this herd* These records include* 
daily amounts of the various feeds fed, weigh back figures on uneaten feed, 
dally milk weights, monthly body weights and monthly hutterfat testa*
Th© average daily milk production and the average daily feed consumption 
were calculated for each week during the experiment* The daily T. 0. M* 
requirements were calc ale ted from Morrison *s Standard© (IS) by using 
100 percent of th© higher recommendations*



derived

wherei

9a
the percent of the T. B, If. requirements actually cons used wee 

3F use of the following formula i
) /  .071 ( W  - MBg) ^  .i

Pouads of T.D.H. required per day

•107, .071 and .0218 are factor# which were derived hgr
dividing the percent of T.D.N. in the particular feedstuff t$r 7
OF equal# the' pounds of concentrate fed per week
KF equals the pounds of hay fed per week
SF equal# the pounds of silage fed per week
WB equals the pounds of veighback of each kind of feed per week



Eoolnophil tcrela of Ctmw 3uM»etad to th. S t W M  of H»«t
The cows used in this study were selected fro® th© pure*jred 

Jersey hard and from th© Jersey-Sindhi crossbreds at BeltsvilX©. ■ Thess 
cows had completed at' least one X&ctation. They were in various stages of 
lactation, ranging fro® 30 days postpartum to 30 days prep&rtum* All cows 
had been exposed to the heat chamber at least once as dry cows prior to 
this study* Blood samples were collected in small silicated tabes contain* 
ing heparin, in the manner already described* The analytical procedure was 
the m m  except that total leucocytes were not counted and blood glucose 
determination® were not made*

Th© animals were handled in the m m  manner during this study 
as in th© routine heat chamber studies* The animals were placed in the heat 
chamber at 5*30 A.M. immediately after th© morning milking. They were allowed 
to remain quiet and to become adjusted to the surroundings until 7sGO A.M. 
Initial body temperatures, respiration rates, blood samples and other pert* 
inent data were collected at this time* These observations were used as the 
norms, and subsequent deviations were compared to these norma* At the com* 
plot ion of these initial observations, the heat m s  turned on and reached 
105 degrees F. by St30 A.M. This temperature was maintained with a rel
ative humidity of 60 percent for th© next six hours* Body temperatures, 
respiration rates and the general condition of the individual animals were 
recorded each haw, starting one hoar after the chamber temperature had 
reached 105 degrees F. In addition to th© blood sample drawn at 7*00 A.M. 
blood samples were taken at two hour Intervals during the beat period and 
at two hoars after th© end of th© heat period.



aI I
op  PS s!®P

3 I
§ g
1  •* t>I ! Ito•*4©s

©JCJ
o
tig
5P
g

I
«rt
t
&

!
«

I

i
5-0 r4mv
g

fi IP *$8 •*"*1 6
§ "© AP  «ri
j*1 1

as
P0

<W
&

§■«r*tp■»Sh
©
5
«m
5
4383

p(9
3

e©

m
8

9  I
30r4

•H
3

IP
SIm
-*P
1
%
o &m *©
g 0
© P

3
§
3
fc
J§
©P

3
3

3

©*
©
34*
g
«I

©H

sii«4

g
p

S3 5*rt ©®5
•0 Hi

O
«rs P
I |

&0
3■*»
«S
3

3 | 
8

<A oP
^ &I 1
g 3

J§P
&s
a
3I
s
1
*4
0H

P«If

*4©

•Htft 3O

s
a
I
3
© §I §* I

i
•s»

! i
§©

* K !!
•rtP©3 !



u

mmvtB

M M s k ,

In this study th# ©osinophiX and th# total leucocyte counts 
war© made m d  blood glucose was determined from the blood of 12 high 
producing dairy cows at semi-weekly intervals from om  week prepartua 
to eight weeks postpartum. Average milk production was recorded end 
the percent of the T.B.8. requirements actually consisted m s  calculated*

& 12 cow average m s  made of each period and Is presented 
graphically in figure 1. Tables I# II, III and If contain the individual 
observations from which Figure 1 was prepare!. Table f contains the 
total leucocytes and th© averages for each period for all cows.

To aid in the interpretation of the results which are presented 
in Figure 1, it Is convenient to divide the experimental period into 
three parts as follows*

1* The prepartum period 
2m The first week postpartum
3# From the first to the eighth week postpartum
During the prepartu® period th© eosinophil values fell quit© 

rapidly from an average of 1110 per cu* mm. of blood one week prepart uai 
to an average of 665 on the day of calving* Blood glucose determinations 
were not made during the early part of the study, however blood glucose
determination© were made on four of the cows on the day of parturition.
Th© 4 cow average at this time reached a relatively high value of 69.7 
mg* per 100 ml* of blood. The T.B.H. requirements for this period were 
not calculated as. roughage was fed ad libitum during the dry period*
It was assumed that all cows were consuming at least 100 percent of
their requirements during this period*
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The eosinophil values increased from 665 per on. mm. of blood to 

811 during the first half week foil owing, calving end then fell to 574 
by the end of the first week. Blood glucose decreased t© n low of
41*3 mg. per 100 ml. of blood during the first half week and then tended
to remain at a fairly constant level during the reminder of the 
experimental period. During this week the average T.D.N. consumption 
was 84 percent of the requirements.

In the first four weeks following the first week postpartum, the 
eosinophil level rose to 1401 per cu. a®, of blood, a value which was
greater than the pro part urn value of 1110. From the fifth week to the end of
th© experiment, a slight decrease occurred. During the same period the 
blood glucose was maintained at a fairly constant level. The cows were 
able to consume approximately 100 percent of their requirements by the 
end of the fourth week postpartum, and eonsumad slightly over 100 percent 
through th© eighth week. Average milk production reached a peak of 67 
pounds per cow per day at the end of the fourth week, after which it 
tended to level off.

Figures 2 through 13 are graphic presentations of the obser
vations on the individual cows* These charts show the changes in th© 
eosinophil level, blood glucose level end changes in th© percent of th© 
T.D.N. requirements consumed.. The data from which these charts were 
prepared are included in the appendix, Tables 71 through XVII.

It can be seen that marked changes often occurred in th© 
eosinophil levels of the individual cows. Figtjre la shows the fiducial 
limits of these values. There was not only a wide variation between 
individuals, but also a. rather wide variation between samples from



in
di
vi
du
al
 
cow

s* 
At 

the
 
earn

s 
tim

e 
va
ri
at
io
ns
 
in 

blo
od 

si 
moo

se 
and
 

in



Av
er
ag
e 

mg
. 

yc 
of 

Bl
oo
d 

Gl
uc
os
e 

an
d/
cr
 

av
er
ag
e 

Av
er
ag
e 

mi
lk
 

Pr
od
uc
ti
on
 

in 
lb
s.
 
an

d/
or

 
. 
Eo
si
no
ph
il
s 

10)
 

> 
of 

T.
D.
d.
 
Re

qu
ir

em
en

ts
 

Co
ns

um
ed

14

FIGURE i
Average Eosinophils per cu. mm. of Blood and average Blood Glucose 

(mg. %) of 12 High Producing Ccws

120

110

100

90

SO

70

60

50

•f Average Milk Production
J Average of requirements

 K
\
\
\

hDd
>r~tC6O
o

/

140 —  Eosinophils
—  Blood Glucose

120

100

80

60

20

14 166 8 10 120 2 4
Semi-Weekly Periods



240

220

200

180

160

140

120

100

80

60

40

20

ll-a

FIGURE 1-a

Average Eosinophils per cu. mm* of Blood cf 12 
High Producing Cows. Shaded Area Indicates 

Fiducial Limits

/

/

/

0 4 10 12 14 16



inop
ceni

300

280

2 60

240

220

200

180

160

140

120

100

80

60

40

20

15

FIGURE a
ils per cu. mm. of Blood, Blood Glucose (mg. >0) and
of T.D.N. Requirements Consumed by Cow No. 2842

Eosinophils
Blood Glucose
% of T.D.N. Requirements

V

   i c  f.  i ■ .fc.. .1 JL—.,.,1,..—  -<
o 2 4 6 8 10 12 14 16

Semi-Weekly Periods



300

280

260

240

220

200

180

160

140

120

100

80

60

40

20

4,

16

FIGURE 3
Is per cu* mm* of Blood, Blood Glucose (mg. %) and
*D*N. Requirements Consumed by Cow No. 2838

Eosinophils
Blood Glucose
'yo of T.D*N^ Requirements

/

j  u. . ,.j i  , i  > ,.i. ,.i......... (......... i,.

0 2 4 6 8 10
Semi-Weekly Periods

12 14 16



Mg
. 

% 
of 

Bl
oo
d 

Gl
uc
os
e 

an
d/
or
 

% 
T.
D.
N.
 
Re

qu
ir

em
en

ts
 
Co
ns
um
ed
 

an
d/
or
 

Eo
si
no
ph
il
s 

(x 
10
)

17

FIGURE 4
Eosinophils per cu. mm. of Blood, Blood Glucose (mg. %) and 
Percent of T.D.N. Requirements consumed by Cow No. 2426 
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FIGURE 5
s per cu. mm. of Blood, Blood Glucose (mg. %) and
T.D.N. Requirements consumed by Cow No. 2414
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FIGURE 6
ils per cu. mm. of Blood, Blood Glucose (mg, %) and
cf T.D.N. Requirements Consumed by Cow 2823
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FIGURE 7
lils per cu# mm. of Blood, Blocd Glucose (mg. %) and
of T.D.N. Requirements Consumed by Cow no. 2452
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FIGURE 8
Lis per cu* mm* of Blood* Blood Glucose Lmg*%)and
>f T.D*iu* Requirements consumed by Cow No 2476
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FIGURE 9
Ls per cu. mm# of Blood, Blood Glucose (mg. jfe) and
1 T.D.N. Requirements Consumed by Cow No. 2486
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FIGURE 10
Ls per cu. mm. of Blood, Blood Glucose and
E* T.D.N. Requirements consumed by Cow 2470
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FIGURE 11
ils per cu# mm# of Blood, Blood Glucose (mg. /.) and
of T.D.N. Requirements by Cow No. 2446
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FIGURE 12
Lis per cu* mm. of Blood, Blood Glucose (mg* %) and
Df T.D.N* Requirements consumed by Cow No. 2037
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FIGURE 13
Is per cu. mra. of Blood, Blood Glucose (mg. %) and
f T.D.N. Requirements consumed by Cow No* 2406
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t a b l e XX

Blood Glucoaa. Kg. par 100 ml. of Blood of Bonaal High Produsing C o m  
iBaadiataly Prapartma and Boatpartua at Sami-tfaakly parLoda

2842 2838 21*26 21*14 2823 2452 2476 2485 2470 21*46 2037 2406
2
1
0
1
2
34
5
6
78 
9
10
11
12
13
lit
1510

33.8
30.733.5
1*2.2
1*6 .0
1*3.3
39.3
1*7.0
1*6.8
1*2.338.8
1*6.3
52.5

35.931.2 45.033.8 56.1*
44.7 38.5
50.2 1*2.9  1*1*.2 34.6
64.2 2*9.5 
1*3.8 54.3
53.8 51».550.0 47.0
48.5 51.346.3 41.850.0 49.0
48.3 53.556.0 62.5

44.2
58.3

27.8 38,339.8 44.333.0 52.0
36.7 49.538.5 41.343.3 43.838.8 45.5
41.8 54.8 
2*3.3 54.548.5 6l.o
41.0 41.0
40.3 57.5
48.3 55.349.5 52.856.0 62.0
46.3 50.0

60.1 61*696.2 60.0
48.4 40.8
39.5 40.041.3 26.8
52.0 47.0
49.5 46.
46.3 43.39.0 43.855.0 31.0
50.5 59.357.5 58.051.3 58.8 
1*8 .0 56.8
50.0 49.0
50.0 51.350.8 56.3
63.8 55,8

1*0.3 33.841.3 38.8 —  63.334.5 39.8
41.3 45.556.3 55.0
58.3 53.556.8 43.860.0 55.0
55.0 51.3
46.3 47.864.5 48.853.8 60.0
65.0 61.3
51.3 45.548.3 39.361.0 58.3
53.3 48.359.5 60.5

39.3 57.541.3 63.3
59.345.0 45.0 52.0

46.8 46.3 46.347.5 48.8 40.8
53.3 42.0 36.4
56.3 56.3 45.546.8 48.8 45.3
53.8 44.5 41.358.5 53.8 45.552.0 44.3 48.3
57.5 48.3 46.0
45.0 57.5 54.545.5 65.5 33.848.3 62.5 41.340.5 72.5 50.548.7 58.8 47.055.8 50.0 49.0
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Obaarred Ctnwuwa In Cowg SnbJ*eted to B«»t Str»»e 
The cows which were subjected to high temperature exhibited a 

rather wide range in the absolute eosinophil values* this was true even 
in the normal or pretreatment values which varied from a low of 439 
eosinophils per cu* smu of blood, to a high of 3#4Q@* Because of this 
variability, it was decided to express the eosinophil values for each 
observation in terms of percent change from the normal* This procedure 
facilitated the comparison of the results obtained*

The changes in body temperature and the changes which were 
observed in the blood eosinophils during the course of this experiment 
are presented graphically in Figures 14# 15, 16 and 17 for the 16 cows 
that were used* The data from which these charts were prepared are 
presented in Tables m i l  through 11X111 In the appendix.

An attempt is made to determine if the observed changes in 
the eosinophil levels might be used as a measure of adaptation or re
sistance to the stress of moist heat*

Cow number 2272 (Figure 14) had the highest body temperature 
of any of the 16 cows studied* The body temperature increased from a normal 
value of 100*7 degrees F* to 108 degrees F* during the six hour period*
This was an increase of 7*3 degrees, with an average temperature rise of 
5*23 degrees F* it the same time there was a drop of 72 percent in the 
eosinophil level of the blood by the end of the six hour period* Additional 
evidence that the animal was under great stress was shewn by an excessive 
salivation and by an increase in the respiration rate* The respiration 
increased from a normal rate of 68 per minute to 160 per minute, which 
mas observed after the animals had been in the heat chamber for four hours* 
By the end of the six hour period the rate of breathing had slowed somewhat*
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Cows number Sx-46 and 26% (Figure 14) bad the lowest rise In 

body temperature of any of the sixteen cows studied* Sx-46 had a 
normal temperature of 101*5 degrees F. this had increased to 102*5 
by the third hour after which it decreased to 102*2 degrees by the end 
of the six hour period* Her average temperature rise was *75 degrees F*
In no other cow was the maximum body temperature reached as seen as the 
third hour. Respiration rate Increased from a normal of 28 per minute 
to 162 by the third hour, and then decreased to 152* This was a three 
year old, dry cow that had been exposed to the heat on one previous 
occasion, also as a dry cow, at which time her average temperature rise 
was *83 degrees F* Cow number 2696, a two year, nine month old, dry 
cow, had a normal body temperature of 101.7 degrees F. This animal had 
a 1*1 degree rise in body temperature which was reached by the fifth hour*
She had an average temperature rise of *70 degrees F. The initial 
respiration rate was 23 and it increased to 168 by the fourth hour* Both 
of these animals showed a decrease in the eosinophil level by the end of 
the seoond hour of the heat period, followed by an increase to the fourth 
hour* At this time the values were above the normal level* The eosinophil 
values of cow number 3x~46 maintained this level until the end of the 
experimental period, whereas in cow number 2696 the eosinophil values 
decreased to the sixth hour* Two hours after the end of the six hour 
heat period, the eosinophil level of cow number 2696 had increased to a 
higher than normal level. It is possible that cow number Sx-46 reacted to 
the stress, but was unable to resist the effects and to maintain this 
resistance for the remainder of the period. Cow masher 2696 may have reacted 
to the stress, started to resist, but was unable to maintain the resistance* 
She appeared to adapt easily after the stress was discontinued •
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The remaining twelve cows all showed a similar trend in body 

temperature* The maximum temperatures of these twelve cows were intern- 
mediate between those of the four cows mentioned above* With the 
exception of cow number Sx-44 (Figure 16) whose maximum body temperature 
was reached by the fourth hour, all body temperatures reached the maximum 
by the fifth or sixth hour* The respiration rates of these twelve cows 
increased to maximum levels sometime before the end of the six hour period* 
This varied with the individual cow* Cow number 2678 (Figure 15) reached 
this maximum by the second hour* The maximum body temperature of the 
remainder of these cows was reached sometime between the second and fifth 
hour of the six hour period* In all cases there was a decrease in the 
respiration rate by the end of the six hour period*

The eosinophil changes were variable in all of the sixteen cows 
during the course of this experiment, but these changes seem to fall 
in one of four general patterns*

1* Cows number 2272 and 2669 (Figure 14), Sx-9 and Sx-43 
(Figure 16) and Sx-11 and Sx-42 (Figure 17) showed a more or less steady 
decline in the eosinophil values throughout the six hour heat period*

2* Cows number Sx-46 and 2696 (Figure 14), 2675 (Figure 16), 
and Sx-6 (Figure 17) showed a maximum drop in eosinophil levels at the 
second hour, with a subsequent rise*

3* Cows number Sx-2, 2694 and 2643 (Figure 15) and Sx-44 
(Figure 16) showed a maximum increase in eosinophil levels at the second 
hour, with a subsequent fall*

4. Cows number 2678 (Figure 15) and Sx-1 (Figure 17) showed 
relatively little change in the eosinophil level throughout the experimen
tal period*



Table V-a has been prepared in order to show that in this 
particular study, the eosinophil pattern per se doe® not offer a 
precise measure of the animalfs ability to adapt itself to the stress 
of moist heat* It can be seen from the table that the heat resistance 
rating, based on the average temperature rise, is quite consistent for 
the individual cow regardless of stage of lactation. It can also be 
seen that the average eosinophil values, based on a trapezoidal mean, 
are not consistent with the heat resistance ratings* It is possible 
that if a series of two or more eosinophil values were obtained on the 
dry cow, a normal pattern for that individual might be established.
If so, deviations from this normal might be useful as a tool to measure 
the effects of heat stress.
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TABLE V—a
Base Data for Evaluating the Heat Resistance on 16 Cows Subjected to the

Stress of Moist Heat*
(Temperatures are expressed as degrees F., eosinophils as number per cu* 
mm. of blood).

Cow Ho.
Months 
in milk

Korin 
body T.

Mean 
body T.

Average 
body T. 
rise

Rating
Average
eosinophil

value
2272 dry 100.3 103.85 3.82 3

____1___ _1QQ*7_ 105*90 . . 5*23 _ ..3... 280
2243 dry 100.9 103.62 2.72 3

.... 4 ..n._ _101A0 104*07 ___1.07 3 1446 _ _
2269 dry 101.0 103.00 2.00 3

... . 3 .... 100.9 _105.22 .. 4.32.. 3 2891....
2675 dry 100.8 102.48 1.68 2

... d r y . .100.9 .102.41 ___1.51 2 1514 ....
2678 dry 100.7 102.38 1.68 2

10 _ 2Q2.1 104.88 2.78 ... 2_____ 3076 .
2694 dry 101.4 102.75 1.35 2

___dry____ . 101.3 102.55 _ _2 ±21 ... 2 848
2696 dry 101.8 102.33 .53 1

dry 101.7 102.47 .70. .1.... 1427
Sx-1 dry 101.3 101.83 .53 1

1 101.1 103.13 2.08 2 1339
Sx-2 dry 100.9 101.38 .98 1

2 __ 1QQ.2_ ..101.93.. . 1.23. 1 552____
Sx—6 dry 100.9 101.38 .98 1

.... 2 '.. 100.7 _1Q1.93 . 1.23 1 1515...
Sx-9 dry 100.9 101.82 .92 1

1 101.0 103.13 2.13 . ... 2.._ 785
3x11 dry 101.1 102.17 1.07 2

.... 1.... 102.1 104.27 2.17 2 563..
3x42 dry 101.6 101.55 .95 1

4 101.6 .103.22 . 1.62 1 1214 _
Sx43 dry 101.4 102.38 .98 1

____ 5.. . _ 101.4. 102.68 1.28 1 429
3x44 dry 100.9 101.70 .80 1

... 3.... 101.4 102.61. 1.22. 1 U29 ....
3x46 dry 101.0 101.83 .83 1

___.dry .iQ2a££..______ -i .389... .

hotei The first line for each cow shows the temperature observations on 
animal during the dry period prior to the present study. The 
second line shows data collected during the eosinophil study.
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FIGURE 14

% Change in Eosinophils from Normal and Body Temperature of Co.vs
2 72, Sx-6 , 2 669 and 2 696 during 6h r . period in heat chamber
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The data reported indicate that the stress of parturition 
has a depressing effect upon the eosinophil level in the blood of 
the dairy cow. An eosinopenia was observed in all of the cows included 
in this study et the time of parturition* The fact that all cows 
responded in a similar manner indicates that parturition is a major 
stressor agent. The parturient eosinopenia observed in this study 
confirms the work of Gill (5).

The onset of lactation may be a secondary stressor agent 
which is imposed upon the cow before she has completely recovered from 
the stress of parturition. It is possible that the increase in the 
metabolic rate due to lactation stimulates the pituitary adreno
cortical system which in turn exerts a suppressing effect on the eosino
phil level. The variations which occurred between cows is probably 
due to the ability of the individual animal to resist or to adapt to 
the stress* Unknown factors may also contribute to this individual 
variability*

It has been suggested by Shaw ©t al (27) that the rise in 
blood glucose at the time of parturition m y  be due to a rapid mobili
zation of glucose or to a rapid breakdown of lactose as a result of 
excitement* Dairy cows typically have this hyperglycemia at time of 
calving regardless of the degree of visible excitation. A hyper
glycemia and eosinopenia similar to that which was observed In this 
study at the time of parturition can be produced by the injection of 
ACTH. This suggests that the hyperglycemia accompanying parturition



40

may be mediated at least in part by the discharge of ACTH and 
glucocorticoids*

It has been shown try Beffel (17) that hypoglycemia was a 
characteristic feature in the blood of cows that were fasted following 
calving* He also observed that in cows, whose T* D* H* consumption 
following calving did not fall below 70% of requirements, the blood 
glucose values tended to remain at normal levels following the parturient 
hypoglycemia • The results of this study confirm the work of Leffel*
The blood glucose levels of the cows in this study remained relatively 
high following calving. On the average these cows were able to 
consume not less then 84 percent of their T. B. N. requirements during 
and. after the first week postpartum*

Changes were observed in the eosinophil levels in the blood 
of cows which were subjected to the stress of heat* xn general an 
eosinopenia occurred, but the variations between cows were too great 
to establish precise conclusions as to the value of the eosinophil 
count as a measure of reaction to heat stress* Change in body temperature 
during the six hour period of heat is currently being used as a 
measure of heat tolerance. The data reported In this study indicate, only 
generally, that those animals having the lowest heat tolerance also show 
the greatest drop in eosinophil levels. On the other hand, those animals 
that have the highest heat tolerance seem to show the least drop in 
eosinophil levels. There was no correlation between temperature rise ark. 
eosinophil levels, in the cows whose temperature rise is intermediate*

It has been shown that the cortical steriods influence the 
eosinophil level of the blood. However, there is no assurance that 
other factors are not s ls o  responsible. Therefore, it cannot be assumed



u
that all fluctuations in the eosinophil values are indications of
adrenal activity. It has been pointed out (24) that the white cell
count is normally different in different vascular territories of the
body. Therefore, the technician cannot be absolutely sure that
every blood sample will yield representative results. Selye (26) and Gradwohl
(?) have pointed out that the same stressor agents may produce diametrically
opposed reactions under different experimental conditions. Therefore,
some variations in the observed eosinophil levels may be due to conditions
within the animal body at the time of sampling*

In view of the results obtained in this study, It appears that 
the diagnostic value of the eosinophil count is greatest when it is 
used as a supplement to other diagnostic methods.
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On the basis of the changes in the blood eosinophils. It 
appears that the stress of parturition in the dairy cow is a primary 
stress which elicits marked adrenal cortex activity. 4 decrease in 
blood eosinophils occurred during the parturient period of all cows 
studied.

The meet of lactation in the dairy cow appears to constitute 
a secondary stress which is imposed upon the animal before complete 
rceoveiy from the stress of parturition takes place. In general the 
eosinophils increased gradually after the first few days postpartum, although 
the variations were large.

Postparturient hypoglycemia was absent in normal cows who*s 
T.B.M. intake did not fall below 80 percent of requirements.

The hyperglycemia at time of parturition m y  be associated 
with the increased pituitary-adreno-cortical activity apparent at this 
time.

the eosinophil count is not a reliable measure of heat 
tolerance*

The greatest value of the eosinophil count Is realised when 
it is used in connection with other diagnostic methods.
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Eoeino- Leuko^ Bleed kmr&gm % of
phils <3yiw>* Oluoose deHgr milk T*D«V« re~

Bate per per mg* per production cpiiremoiits
ee* mow exu me* 130 ml* in pounds consumed

7*.
7* 7*
7-10-^2
?~3l**52

7**5$
8-11-52

522

9161227
783

966
677985775

19 a 53U3 §8
Jj»o
30.7

egmm
58.7 89

39.5 #*** CPC*
M*»5 $6^0 881*2.2 ***►
1*6.0 65.1 Si*
1*3.3 ■nee* nan*
39.3 6S«2 m1*7.0 «**»■» can*
1*6.8 61.1 M
1*2.3 4paP ««ei
38.8 61*0 96
U3.3 ***** a***'
52.5 68.9 101
52.5 can* CPaa
58,8 61*6 1011*6.0 *— **e»

Butterfet Tecta* 6-30-52, 2, , 3,



Sjqx&jriLawntaX Bata on Q&w Bn* 
Frasb 6-6-52

Soaln©- JaMSliDEJ—
par
an* a©u etu na»

ag. par
3UOO sŝL* jLa

* of
t.D.II. row
quirwasntsconsumed

6— 6*^2

7- 3-52 
7- 7*

77-3.7-52

7-31-52
8- i*-52 
8- 7-52

8900

3X.2
33.8
£&*?
50.2

53.8

1.5
50.0 
1»8.3
58.0
56.3 
58.5
51.3

Kh
mm

50.5
53.6 

57.9 
57.8

57.7
57.6
56.0

90
90
95

302

Buttorfat Tests i 6-30-52, 2.975| 7-28-52, 3.1*25



!i5

tmx vm

Bsperimental Sato on Cow He. 21*26 
FWHh 6.10.52

Bata
Baaino-
paraa. am.

eytma
SSI*

BlocdGlucoa*
100 ml*

Avaragadally Bilk production la potujda
< 0#t J M U  w»qpXrmmnts
eotmmmd

6— 6-52 1365 985® * * » 3m6-10-52 1166 11200 4WM mm**6-12-52 5@0 8650 —ilW W®6—16—52 522 1*850 35.9 mm* m m6-19-52 71*1* 5900 1*5.0 58.1 as
6-23.52 59t 6650 56 J* — mmrn-6-26-52 1005 8575 38.5 n6-30-52 nai 5125 1*2.9 « *** m m7- >52 588 8300 3U.6 60 J* If7— 7-52 859 6550 1*9.5 #»*— « «7-10-52 1376 10575 &. 3 69.0 ?S7-ll*~52 mmmi 5l*.5 < W i a a7-17-52 mm* 1*7.0 71.5 3307-21-52 1587 m m 51.3 M m m7-21*-52 555 1*75 1*1.8 66*? m7-28-52 322 k$m 1*9.0 atwa m m7—31-52 5#* 6000 53.5 6?*& 938— U-52 3?U 6630 62.5 mm* m m8— 7—52 522 61*00 63.3 ?3ui 95

Buttarfa* twtei 6-30-52, l*.l*3*j 7-28-52, 3.51*5
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Esqp«riji#ntftl 8*ta ©a Cow So* 2823 
Fre*h T-4î 52

Bat«
fiwdOBa**pMl*|MKP© u  mau par©a* am*

Blood C!luoo»* ag. par 100 al.
Areraga daily milk production in pound*

jf ofT*£U8. rw~ quireswsnta ©onwosiod
6**3JM§& 536 5373 50.2 _ 1806-2>52 1188 71*75 h£.0 mm ««»6«^6—*>2 72 2650 1*6.3 mm 1006-30-52 1138 61*50 U*.2 mm7- 3-52 576 10800 58.3 mm 3UD07- 7-52 533 6875 38.3 mm -mm7-30-52 1*33 8675 W*. 3 Uw5 9b7-1&-58 52.0 -4MNMI7-17-52 1*9.5 55.1 ft7-21-52 899 9850 1*1.3 aim** w w7-2U-52 505 9275 1*3.8 S S .k 1017-26-52 289 71*5© 1*5.5 mm7-31-52 1*66 9850 5t».8 §8#3 loll8» It—52 625 8800 SU.5 wn»- mm-8— 7—52 5S«» 11250 61.0 59.1 MS8-11—52 161 6975 52U3 -mmm mm8—lb—52 33 9 91*25 57.5 51.5 1278-18-52 1*00 131*75 55.3 mm mm8-21-52 599 13025 $1.8 Sk.6 32b8-25-52 755 10875 62.0 mm-8-28-52 1225 8750 50.0 55.8 128

faatai 7^28-52, 3.33#f MHMSfc, 3.20%
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tm%M xi?
l3£p®rim©ntal Data on Qom W&m 2k7® 

Fresh

Bob SafttSsa***118 <srt**D*«* pap p «ai# xn« at* mt&
7-23*52 538 106757-21*4* 610 51757-zs-ea 577 98257-31-52 lUt3 13785a* i*-52 m. 1282J8- 7-52 273 11850
3-11-52 6J3 10675e»ikmgs m 89386-18-52 93258-21-52 83U 31503-25-52 668 9175i>»20—52 1325 9&7S9- 1750 10575

IlKR^t 1550 8975
9** 2 2086 110801787 100751750 7950
9~2B~A 1776 10025
9~&2~A 1565 3900
9~2S~$2 «*w* *****

Blood Avmrmg* f ofQlucoaa dally milx f *!*!?* ra-mg* par production cpirassfimfca
100 isiX# in poimda

33.8 ***** «***38.8 mmm *****63.3 «*** *****39.8 ****1*5.5 w»m> —55.0 58.li %53.5 aM* •**»'1*3.6 66,555.0 —51.3 69»lt w1(7.8 *6MM> *****1*8.8 100mmmW*60.0 iHM -mm-lt5.o ?a*2 1051(5.5 *•**> '*■1**39.3 7U.3 10958.3 «*M* *****2(6.3 77.8 £1060.5 *****
«MNft 75.5

Butiarfat Taatsg J.ijO#
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table m
Experimental Bat* on Oow ifc>. ttglgi 

Fr©»h 7-27-^f

Dot*
Eoaino-phila
p*r
cu« no.

jysn&B©*»
per
®H# BSK&m

Blood 
Qluooa* 
«*• P«r 
300 al.

m U rproduction
5 of
^ #B#8« ft* 
yjyttaMBiteconsraaed

7-23-52 32*51* 7775 39.3 — —

7-2J*-$2 2282 7025 1*1.3 100
7-28-52 1E>10 5150 1*5.0 <*■*» « N *

7-31-52 615 5925 2*6.8 1*5.3 86
8— 1>—62 377 3700 1*7.5 m m mm
8- 7*52 572 ta.fifi 53.3 53.3 99
8-33-52 2061 6000 56.3 m m

8—3Ui—52 1250 6175 1*6.3 59.2 m3
8—18—52 Sfeoo l»750 53.8 m m

8-21—52 1215 6800 52.5 61.9 115
8-25-52 2086 9153 52.0 ■—

8—26—52 1390 5925 57.5 65.7 106
5- 1—52 1090 8125 57.5 m m m m

5- it-52 900 1*900 1*5.5 63.1* 119
9- 8-52 1055 61*00 1*8.3 mm
9-11—52 3000 6875 2*0.5 6 § m $ in*9-15-52 1138 72$} 1*8.7 m m —
9-18-52 122? 9300 55.8 63.0 lie

Bnttorfat testa*
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Exparirantal Sat* on Qtsw Hie. 21*06 
Fresb 6.35-52

Bat*
Boaitto-philsparoa. an.

QQTte«
®tu m »

Blood CHuQoae ■g. par 200 al.
Avaraga dally ff* la prcdaotiona£ Mfe an rgk if ir iMin dff iWBZ« pO«nO»

£ of
quiraswntaconsumed

6-10-52 534 4300 <*MW XL1|[J6-12-52 455 6300 a*n» ■iww.6-15-52 169 84$} —»a6—16—52 H I 5350 52.0 — «•6-19-52 a* <HD» 46.3 51.16-23-52 361 8575 40.8 'Wawa —6-26-52 455 10275 36.4 64.7 ao6-30-52 416 4675 45.5 a-7- 3-52 427 5550 45.3 65.9 837- 7-52 655 6575 4l.3 4NM* mm7-30-52 244 6250 45.5 72.5 967-34-52 «*»• 48.3 ««*» mm7-17-52 «*** #*■** 46.0 75.4 m7-21-52 561 7775 38.8 awaa mm7-24-52 361 5875 33.8 n*x 1057-26-52 356 5775 41.3 mm mm7-31-52 7000 50.5 6U.0 2246— 4-52 H I 7750 47.0 mm mm8— 7—52 77 8700 49.0 63*3 109

Baitwflt Swtai 6-30-52, 3.46*» 7-28-5*, 3.065
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TAfflM m i l

Saperiaental Data on CSow Be* 22?2
B® corded 9-10-52*

tiff*
loeino-
phils
par
mxm mm*

5 cbsngo 
In Basins** 
phils from
initial

8®#
Tlwgp»x»tiuNi 
Oegjpsas F*

ins
piration 
par min.

7*30 biOi|VV 300.7 68
9*30 ff«W mm Wk*h 332
m m 372 —22 105*5 Ibb11*30 «■»— 106.6 ibo
12130 261 -b6 307.3 160
13t30 «w» «•** 307.6 356
11**30 333 -72 308*0 ibs
16»30 228 -52 — * —

■ r j i t r  i r r m - i m n r - ' i i T i n i .  1  r . r n ™  v ~ n i l i i  “ IT T  r - i r r i i  r n  r:lii*  rmii t .-t ■mnpiii r j| i iiL:rr min. i  —  - m .  j ■ -in» V i T '  ( [ V U ' I T . .  v ir .  i i " H I   i l  ' j t o r n 'u r T m n  . niniiw .' ■ r i i.-i niLii rw  m :irniiif nj

30 Days Postpartum, Average dally production - b9*6 lbs. k% F. C. M«

TABLE XIX

Bxperljsental Data on Cow Bo. 26b3 
Baoordad 9—16—52*

Sesia©-*
time

phils
pmr
an* w&&*

in Bssino- 
phils Xrosi 
Initial

Body
feaBperatur® 
Degrees F.

piration 
par min.

7iJ0 301*0 bo
9 m — — 302.8 32b
30I3O 3590 A f 303*9 xUo
11*30 — lOb.l 15212*30 1&0 A 5 305*0 128
33*30 105.0 336
lb*30 1275 -33 305*0 18b16*30 3290 -32 — —

120 Bays Postpartum. At©rage dally production *» 32.0 lbs. bH F. 0. M.



TABLE XX

Experimental Bat# on Oo* Ho. 266?
Recorded 8^7-52*

Time
Eoeino-
phils
per
ot*. mm.

$ change 
in Bosino^ 
phils jfrom 
initial

®o%
Temperature 
Degrees F.

Pas-
piration 
per min.

7*30 *08 — 100.9 kk
9*30 WfM»W <**— 10 3. k 2k8
10# 30 3390 • 1 10k»6 160
11*30 SkW# 105.7 160
12 #30 2815 -I? 106. U 16k
13*30 SUMS m m 107.0 160
Ik# 30 2350 -31 107.5 160
16*30 26I0 -23 103.1 «*»

%        -     '       ,   -60 Bsys Postpartum. Average daily production 1*1 lbs* h% F. 0. M»

lAiu; r a

l&qpsrlssntsl Bats on Cow Jfo. 2675 
Recorded 9-5-52#

Bosino- jl ehsnge
Time

phils
per
on* ns«

in Koaino- 
phlls froa 
initial

'Body
Temperature 
Degrees F*

piration 
per mill.

7*3® IMS m m 100.9 32
9*30 _ mm- 101.7 120
m m 10l»0 -29 102.3 120
11*30 , — 103.0 iko
12*30 1698 43® 103.6 132
13*3® m m SMNK 203.8 132
lk *30 aloe - 2 lak.o 132
16*30 X690 415 —
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Sxperimental Data on Qow Po. 26?8
Ba corded 8-27-52*

fisa
Soaino-
phils
par
cm. mm.

% change 
la Bosine* 
phile fro® 
initial

8©<$jrTemperature 
Degraaa F*

A s
piration 
par min*

7*3® 301*7 — 202.1 60
fi30 203*2 168
20*30 2?6S - 3 2014.2 172
21*30 «*— 205*1 172
12i30 3US0 413 205*6 168
13*30 Mwa A*. 206.7 260
IhtJO 4 1 206.6 256
16*30 255® *•16 202.7 —

♦306 Ba^a Poatparfcmm. Average daily production 33 1to#. h% F. c. m.

TAByi xnix
feqparlMKntal Bata on Dow 1©. 26$̂ . 

Bac©rd©d 9-5-52*
Eoaino*
phila

$ cimnga 
in Eoeirto- Baa**

Time par phlla tmm Temperature piration
am. a®. initial Degree® F. par aim.

7*3® 681* AM. 201.3 m
9i30 — 202.0 23620*30 99® lldi 202.2 Ubfa,11*30 mmm 202.6 15612:30 875 428 103.0 2614
13*30 *m m — 203*0 172
114*3® 800 417 203.8 160l£«30 766 412 —

Bijr
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tmm xxx?
Exported ntaX Bata on Cow Ho* 2658

$»aorda4 5-30**52#

fiMB

ilu in Eosino
phils from 
initial

Bod̂ f
Taaparatur© 
Bagpaa* F*

lea*
piration 
par ain#

7)30 li»5k mm. 101.7 28
9t3Q w»* 101*5 128
10-.30 122$ *46 302*5 120
3Uj30 W«l mtm 102.7 121
12i30 1627 +12 302*7 128
3J»30 4Mmm> «** 102.8 321*
Uit30 123? 102*8 112
16.30 1775 m *** —

•»*T

f AMM Ilf

iSxperl&antal Bata on Oow Ha* 3X-1 
Baeordad 9-5**52#

Eosino
phils

5 dh^ng# 
in loaino* fio% Mm-*

time per phils fro® Teeq̂ eratur© piration
cu* sssu. initial Degraea F* par ®in*

7*30 1585 301*1 28
5*30 — 302,3 ifrn
m m 132$ -15 102.8 136
11*39 *—» «•« 103*2 152
12*30 aJiSo - 7 103.3 168
13*30 aw* — 303*8 368
lktJD 1110 -25 lOU.h HiO
36t30 3375 -02 ***> **-

#30 Bagra F&atpartum, Ararag® daily production 1|6,1* lias, bH F* a* M*
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t m m  i m

Ea^rim ental m  Ocm $©*

1iftostii* 9«4il**5f#

Sonino- $ efe&mg®
pfeiXs im Eeni^s- B#% k m *

Tin© p©r p h ils  Fisas. p lm tlo o
cu* m * Im iM a l ©@§3?®®® ,F* p#r mim*

? 130 555 m m - 301.il 32
ftjNS **»**> *MMM* 202*£ 118
2©*30 760 43? 102.2 Till
lit JO ■-mmm* mm* 205M* Hi©
12 a 30 577 4 t* 202*6 152
13*30 _ — * 103*0 136
11**30 286 4*1 103*0 3%%
36*30 611 41© « *« *

#6® Bay* P&atpartoaa* AT®mg« daily pY®4kxc%±®n 3S*li 33a** 1*5 F* C, It

T M m  %Wll

l& B ^rlaazital Bata cm 0©*r !©* 52-6

»»®©i?i©6 1M&-0E*

p & il* iit  l&slncN* S##'
Ti»© per phils £to» I«®p9i«te7f piiatiori

©a. «st* initial Bags*©* F* par mia*
7*30 1776 «** 100*8 ts
SUJQ *«. •* m » s 13210*30 12b© **J0 im*f its11*30 ■eew. — 202*1* 23612*30 Ht50 -4ft 202.6 Hi8
13*30 <*)<*» 202.? 256
lli*3© 1675 mm 4 202*?2&»J0 2615 *r f ~ «*.

*J3 Buy* P©#tpartm * Awrag© MLSgr pr©6aetf£on 3D*2 lb **  l*f§ F* C* M«

1958138
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tm m, - utk wng tig'TABKS XXXII

B*p#r2»etstal Bata on Cow !e *  n4Jk
Memvtimd 9-18-52*

f ism
Stealne*phils
per
cu. am.

# change 
in Stoaino»
phlli* fro® 
initial

Ikx̂ r
Temperature 
©agrees F*

lee- 
piration
per win.

7*30 1293 202.1* kh
9:30 ***** 102*1* 261*
20*30 1350 ♦ h 102.6 168
HaJ0 102.8 168
22*30 1010 -22 103.1 272
13*30 *»■»» **mm» 102.9 2Ut
21*130 1010 —22 103.0 360
16*30 s w -23 «*» —

a9® Bays poetpartno* Average daily promotion 25.2 lbs. k% F. C. H*

t&MM> m i l l

B3qpen®ental Bata on Cow No. SX«4*6 
Recorded

Jk)6lnc>- £ change
phila in .losino- Sê jr Bee-

Tim® per phils from Temperature piration
eu* ®a. Initial ©agrees f. per min.

7*30 k39 —  101.3 18
9:30 —  101.7 1EU

20*30 150 -66 101*9 liW*
11*30 —  —  302,5 168
12*30 hi 8 -16 302 .t 156
13*30 ***•» «n***t 102.3 152
UnlO 472 <1 8 102.2 136
16fJ0 4 7 2 + 8  —  —
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1949 * %93*9 Ph.D., February, 193*

Publications 1 Hone 
Positions Meld t

Assistant County Agent, Fairfax County, Virginia 
1944 - 1945
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