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LXVII. THE RMAL EFFECTS OF VARIOUS TEMPERATURE. 
HUMlDllY COMBINATIONS ON HOLSTEIN CATIL£ 

AS MEASURED BY EIG HT PHYSIOLOGICAL 
RESPONSES 

INTROD UCTION 

Temperature and humidity are two important factorswh!chlnf1uence 
the economy of the dairy industry in various sectlons of the United 
States and in other countr ies. High productivity requires a high level of 
feed consumption and causes c attle to produce great amounts of heat 
which must be dissipated to the environment. High temperature limits 
animal heat dissipation by radiation , convection , and conduCtion. High 
humidi ty limits animal heat dlsslpatlon by evaporation from the outer 
surface and 'resplratory tract. Limitation of heat production (and conse
quently depression of milk production) therefore Is influenced by the 
relstlve levels of high temper ature and humidi ty. 

Not a great deal of quanUtatlve work has been d.one on the eftects of 
combinations of temperature and hum idi ty on lactating cattle. Earlier 
work 1 at the Missour i Climatic Laboratory showed that at environ
mental temperatures above 85 0 

". high humidity depressed evaporative 
cooling from the respi r atory tract and outer surface. It also Inc reased 
respiratory frequency and volume. Heat production (standing energy 
metabol ism) was decreased In some animals and Inc reased In others. 
In al! Ins tances , however, heat dissipation decreased more than heat 
p roduction decreaSed, and all animals shOWed a r ise In body tempera
ture. As a consequence of these var ious effects, milk production and 
feed consumption were also depressed. 2 Whereas the earlier experi
ment usual ly Included only one low and one high humidity condi tion at 
progreulvely Inc r eaSing temperature, the experiment reported here 
covered a Wide spectrum o f hot-dry and ho!- wet condltlons as sbown In 
Figure 1. Also, It teatured. scheduled switch-backs to a standard bue 
condition to provide greater control over lactation persls tenoy and 
acclimation factors. Blanca3 bas pointed out that gradual progressive 
changea allow lime for adaptive changes, as In hai r coat. The SWitch
back des ign was employed to p reventorltmitsuch adaptive changes. 

The extreme var iations in the temperature- humidity comblnattons 
that occur in different parts of this country are lllustrated In the 
cllmograph shown in Figure 1. These data were plotted from monthly 
means published by the United States Weather Bureau.4- 7 Not only do 
the four climates shown differ in their position on the chart, they also 
differ in their range of var iation during the 12 months of the year. 
Other sections of the I:J ntted States would, of course, appear In many 
intermediate positions on the cUmograph. 

It would be convenient to express combinations of temperature and 
humidity as single index values. These index values could then be 
related to physiological comfort. An Index called ~effeetlve tem
per ature" was developed many years ago which established the i!mlts 
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of the human comfort zone. 8,9 The effective temperat\lre for any air 
condition was set equal to the temperature of slowly moving (15 to 25 
feet per m inute) saturated air which Induced a slmHar sensation of 
warmth o r cOld. ~Sentlent temper ature,· the temperature of the ai r 
at SO percent humidity which provides the sam e feeling of comfort as 
the C\lrrent sir, tru al80 heen sUigested as a human comfort Index. 10 
Thomll hal!! reviewed Bosen's development of a simple linear equation 
which gives a c lose approximation to effective temperature values . 

Fig. I-Climogr",,/,h slxIwi"g fo'" uTNme ,(mdific/U of umpw,"uN .. ,,,I bll",itlity in 
tIN U"iJttJ St.us.. Tw«" .. ~I ",,,,,,bI, .. u ..... i.u..tifod by tIN fi Nt IIlt" of....".1h 
AN ~ for ud1 0/["" cilia. TN It...,., "IImsiu .... d N'tlSSG.u...... tiN,JtfNrimnUJ 
<_dit;. 1IS 0/_ ~,,, ill tbis hull,ti ... 
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This equation can be used to compute values known as temperature
humidity index (THI) values. 

THI - O.4(T
d 

+ TJ + 15 

where Td • dry-bulb temperature, of. 

and T • wet- bulb temperature, of. 
w 

The severity of cHmatlc factors in determining comfort in cattle 
cannot , oC course, be measured by the subjective feelings of the cattle. 
One objective of this experiment, therefore , was todetermine the order 
of sever ity of different temperature-humidi ty (T-H) combinations on 
lactaUng Holstein cows by measuring and claSSifying the physiological 
responses of the anlmsls to the dIfferent conditions. This was done for 
eight physiological measures dur ing the exposure of 40 cows to 11 
experimental and base conditions. Four supplementary test~ were made 
on 12 cows unde r somewhat diffe r ent conditlons. 

This bulletin (1) reports original data from experiments which were 
conducted between October, 1958, and March, 1962; (2) evaluates the 
eight physiological reactLons (respiration rale, pulse rate, rectal 
temperature. oxygen consumption , car bon dioxide production, methane 
production, expired air volume, and heat production or standing 
metaboliC rate with respect to various temperature-humidity combina
tions ; (3) examines some of the interaCtions among these r eaponses; 
and (4) classifies the severi ty (mild . moderate, or severe) of the 
various temperature-humidity combinations on the baSis of the phy
siological reactions of the cattle. 

As increasing U. S. Weather Bureau temperature- humidity Index 
(THI) values have been found to be correlated with increuing milk 
depreSSion, 12. 13 compar isons were made between Tar values and the 
physiological reactions of the cattle. 
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METHODS 

Experimental Anim~ls 

Twelve lactat ing Holstein cows were used during each phase of the 
experiment and 8. total of 40 different cows were included during a two 
year period. The mi \kproduction of these animals when they were taken 
into the Climatic Laboratory ranged between 25 and 75 pounds per 
day, depending in part on the stage of lactation. 

Grain or concentrate was fed In proportion to milk production In 
the ratio by weight of 1 to 4. Beet pulp was fed twice dally. two pounds 
on a dry basis each morning and afternoon, and salt was available 
ad libi tum. Flnelygroundaifalfapelletswerefedad libitum. The pellets 
were obtained from different suppliers but the analyses of the different 
shipments were about the same. For addltlonailnformatlon concerning 
the history of the cows and the composi tion of their feed see refer
ences 12 and 14. 

Twelve cows were used In supplementary tests during the following 
two years. ThiS was done toevaluate a broader psychrometric spectrum 
extending Into lower ranges of temperature. However, as these 
animals were fed hay Instead of pellets, and as only Six were used at 
one time Instead of 12, their data were treated separately. 

Statistical Design 

In planning an experimental design for this study several troublesome 
problems were confronted. It seemed probable that If cattle were 
exposed to successive temperature-humidity combinations, their 
current responses would be influenced by their preceding exposures. 
Consideration had to be given alao to the persistency of lactation In a 
long experiment. Changes In productive level would be reflected in 
feed consumption. heat production, and related measures. 

To overcome the foregoing problems, a switch-back or reversal 
design was chosen which provided a recovery period at 650 F tempera
ture, and 50% relative humidity between exposures to all other 
temperature-humidity conditions. Two groups of animals were used. 
The A group consisting of six animalS was exposed for two weeks to an 
experimental temperature- humidity (T-H) condition. At the same time a 
B group of the same number was exposed to a base condition of 65 0 F, 
50% RH. During the third and fourth weeks the environmental con
ditions were reversed for the two groups. During· the fifth and Sixth 
weeks the conditions were again reversed. An example of a reversal 
schedule for a 12-week period and a complete listing of all experi
mental conditions are shown in Table 1. The same base condition of 
65 0 F, 50% R H., was repeated for all experimental cornlitions through
out the experiment. The all' velOCity at cow-level In the two climatic 
rooms was 40 to 50 feet/ minute throughout the experiment. 

Six animals In each room were selected to provide two cows In early, 
two in middle, and two In late lac tation. This balance was maintained 
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for long perlod8 by addIng two COW8 In early lae taUon and remov!ng 
two cows in late lactation from each s!x- cow group every 12 weeks. 
Thus the same 12 cows were ",sed for a 12-week per!od, but one-third 
were changed from one 12-week period to the nexL All cows were 
usually changed from one year to the next. 

T 
'f 

" M 

" " 

T~BLE 1. ENVIRONMENTAL SCHE:OUU: FOR TEMPE:RATURE
HUNlDtTY (1'-11) THREE PEfUOD SWITCH-BACK STUOIES 

(COWl ....... divided into 2 ''''''''PI , A and B, 016 cow. nch; 
ldenllf!cat!.,., numben are l Uot~d fOT Lndlvidual COWl) 

flRST 12 WEEKS 0.· EXPERIMENT 
October 20, US8 \.(I JM~ry n, 1959. 

" 
11.' .... ,,; 

• ., ,m " 1m .. 
" 

, , • • , 
" 

, , , , , 
1, 'm ., lorn n. 

" 
, • , , , 

" 
, , , , , 

G""",p A: TiS, 523 , 44.G, 474, 473, 484 
G<"O\Ip B: 8:506, 713 , S04, 8G1, 481, 499 

·M"uurementa were .... tie ill the we"", marked - ... ' , The weeQ mArked .... 

Gm , 
• 12m 
• , 

.... re ..... d for adj ... l",,"nl to the new T-H condition , In u.. remalnlll,f M _4 of 
the experl_nt d\lrtnc a 2- Y"u period, tile " nvlronmental <>OI>d!tiona _ .. 1lUI.iD
taIM<Iu ahown below 90ith 2 __ k .witehbM:Q 10 65 0 r , 5O\L R,II. u Wat done 
durlJ>l tile n ... t 12 weeka . 

Other I wltehbllCk teltl were made In IUbalqllflnl yea ... for tile eondil!CIDI ,bown be
low. In these IWlr telll, i>owewor, the COWl were fed h~ i.n.Itead of fI .... (rlnd 
pelloltld a1falll, NId ODly I b. CO'Q _ ...... d. AaO, tile U· r, 50'1. R . H. perioda 
........ for three ..... Im UuI\ead of IWO. Tbe .. dac.a Ire not included ill the .ummary 
table. 4 and 5. Tiley Ire ahown ill rip. 2, 3, and 4, 

Temp" 0 F. R.H. " ,~. 

85 je) " ~71, 822 , 842, 85.5, 821, "~ 85 (e) .. 
43 (<I) .. (46, 89S, 851, UG, 921, ..~ 
~ ld) .. 
le) M&rch 2, IMI toJ~ 5, U61 

("I S"""mb&r 20, 1$61 to r.bruary n, 1962 
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It we thought that cows Indifferent Btages of lactation would respond 
differently to a given experimental condition. Aprelimlnary analysis of 
the data, however. showed no significant difference In the responses of 
the reported measures. Therefore , the c lassification for Btage of 
lactation was dropped, and the datil. were pooled in subsequent com
putations. 

The stability of the s tage of lactation and fixed composition of the 
animal groups during each six- week period suggested that statistical 
comparisons be confined to the differences between the T-H condition 
and base condition within each six-week period. Simllarcompar1sons of 
differences have been made by Brandt16 fo r reversal feeding trialS. 

An eumple of the computation of difference s In physlolor1cal re
aponse between experimental T-H and base condition for 12 Individual 
cows is given in Table2. Thedlfferencesln the right hand column show 
the deviation In response in the middle period 8.8 measured from the 
Unear regression for the other two periods. These differences were 
then pooled and tested for significance by analyses of variance as 
described by Snedecor. 16 

Animal l'>l euucements 

indirect calorimetry measurements of standing metabolic rate were 
made with a mobile, open-circuIt apparatus on indIvidual animals twice 
during Ihe second week of each two-week period. The measurements 
were made on Tuesday and Wednesday In the experimental room 
(experimental T-H condition) and on Monday and Thursday In the con
trol room (65 0 F., 50% R~H. base condition). These open circuit 
measurement s also Included 02, consumption, C02 produc tion, CH4 
production and. psychrometric measurements necessary for determina
tion of temperature , humidity , and pressure factors. Respiratory 
Vaporization Rue was also measured and will be reported with total 
vaporlz.ation in another bulletin. The open-cIrcui t apparatus and 

analyters are described in detail in reference 17. 
, RespiratIon Rate , and Pulse Ralo were 
week on all animals. The equipment used for 

these measurements were veterinary thermometer, stopwatCh, and 
stethoscope. 

All these measurements were made at the same time of day between 
1:QO p.rn. and 3:15 p.rn. CD animals Which were standing quietly. 
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TABU 2. RESPlRATIOl\'S PER MINUTE AT go- F T£MPERATURE AND 

50" flELATIVE HUMIDITY <Xl. AND AT 6S- T£MPERATURE 
AND 50% flELATIVE HU;\ODITY ('Y) 

Cow No. 

... 

." '" ." 
'" '" 

... ." .. , 

." 
'" ." 

Period 1 

X, 

" " .. 
" " .. 

Y, 

" " " " " " 

SUII> of difference . .. Sd 

Sum of (diUerencn)2 .. Sd2 

(Sum of diUeNincel)2/N .. ~ 

Sd2 _ (Sd)2/N 

Period 2 
Gf<)lIpA 

Y, 

" " " " " " 
Group B 

X, 

" " " .. .. 
" 

Pooled variance 3520 . 9 ~ 670.8 .. 41917 
5 .. 5 . 

P..-Iod 3 

X, 

" .. 
" " " " 
'"m 

Y, 

" " " " " " ,= 
A 

." 
81725.0 

7621)4 .1 

3520 .9 

Slim of square. for temperature " [685 _ (-601)) 2/ 2(&) .. 139105 

.... '1ALYSlS OF VARlA:SCE 
0e{f'M' of Freedom Mean 

Ollfe..,nces 

XI - 2Y2+X3 

" " '" U. 

'" ... 
'" 

YI -2X:rY3 

- " - .. 
- " -'" -10 1 
-109 

"''' 
B 

"" 
62079.0 

61408.2 

670.8 

F-_ 
331.8'· 
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RESULTS 

The results for the major tests are shown in summary Tables 3 to 5 
and Figures :2 to 5 in the text , and in Tables 6 to 21 on Individual 
animals in the Appendix. The results for the supplementary tests are 
also shown In Figures 2 , 3, and 4, and are recorded for Individual 
cows in Tables 22 !U1.d 23 in the Appendix. 

Variab il ity 1t M OF. , 50 % R.H. &lse Conditions 

Since the measured responses at the different temperature~humidity 

(T-H) conditions were all compar ed to the responses at the base con
ditions , It Is Important to examine the base- leve l responses. Table 3 
shows that there was conSiderable varlabllity in the mean body 
welghts,02 ,C~.CH4' and energy metal:>oliam. Respiration rate,pulse 
rate , exhaled air, and rectal tempera ture were moderately variable. 
Great variability at the base condition occurred only when the In
diVidual animals had been changed In the 12-cow groups. For the two 

TABLE 3. STATiSTICAL CONSTANTS FOR SECO!'<D-WEEK PERIOD A YER
AGES AT 65" F TEMPERATURE AND SO'l:, RELATIVE HUMIDITY 

Number of 
Weekly Standard Standard 

Mell$urement Ave ragesa M.~ Deviation Error 

ReSpirations per minute '" 33.1 '" 0., 

Pul~e rate (mlnute) uo 66.2 .., 0. ' 

Recto.! temperature OF '" 101.45 0 . 25 0.016 ., ~o 38.58 0 . 14 0.009 

Metabolic rate, k cal/hr. '" '" ". 10.3 

Exhaled air, liters /mlnute '" ~ .. 19 . 2 .., 
02 cOI'llumpUon. l/hr. '" '" 33 .0 '" 
CO

2 
production, l/hr . '" '" 29.7 '" 

CRt production. l /hr . '" , .. '" O. 3~ 

Respiratory YaporlZltionb • It/hr . ". '" 47.1 '" 
Body welghl lb. '" 1220 107.6 ... 

'" ". '" 48.8 ,., 
• Averages for each second -week perlod at 6S"F. 50% R. H. for individual cows. 

Two meuuremenlS were made on each cow durin&, each second-week period for 

02' C02. CR4. metabolic rate, and respiratory Ylporlzatlon . FIve ouch mea

surements were maoo On e ach cow for respiratlOl'l rate. pulse rate , and rectal 

temperature. 

b Ruplratory vaporization will be discussed In a later report. 
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TEM PERATURE. f: AND RELATIVE HUMIDITY, ;':: 

Fig. 2-Chz .. gts i .. Iht vol .. mt of air txpirtd jur mi .... lt a,.,1 i .. t nt rgy mtla/x)/ism 
i .. all cows al bau <onditio .. (6J ' F, JO% R.H.) a .. d al olhtr val .. ,. of Umjuraturf 
a .. d humidity. Tht four suppltmmtary lISts marlml X WWI/ not <tmdurftd " .. a". 1M 
Jam, co .. ditio .. s as tht rtgu/ar ftsts (Sft Uxt) a .. d a'" .. ot rompar .. hlt to Ihl ng"t..r 
It SIS 0 ........ hsoJuu hasis. H OUMWr, Ihey 4 SMw tIN nlali~~ tfftett of3'% a .. d 8J9I) 
R.H. at8JOP ftmptNlun. 

s ix-week tests With in each 12-week period , the cows were unchanged 
(Table 1) and the base levels were Similar. For example, the base 
level values of exhaled al l' during reversals from80" F, 80% R K, and 
90" F, 51)% R It .. were measured in the same 12-week period and were 
similar (Fig. 2). However, the values obtained during the reversals 
from 80" F, 80% R It and 80" F., 50% R. H. , were measured on different 
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,t· IF.~-~';'~';·;';""~~R~":·f:~:;:===;:=======~:::l·;'o OTt-ER C()t.,()ITIONS 
(SEE BOTTOM SCALE) A /' 

~ ~ I03'1---------:::::::::7,<"--'\V:7"'----~ n, 
u· / !oJ a: i.O 

a: ~ lo2'1----;:::;7,;'---:---------------=r 
I..J _~_- ........ -_...!... _________ ..--~ .... -..., 

~ • 3&~ • • 
• 

TEMPERATURE,r: AND RELATIVE HUMIDITY,.t 

Fig. J-Cb<> .. g~ in Ttct.t/ Umtna,uN, rnpirllums pn mi"",., .. nd p"lu raU in all 
tOWf 101 b4'~ <onafrio" (6.s°F, '0% R. H.j ,,,,d.>I ",bu "al"~$ of um/Hrat",.. "nd 
humidity. T M JOUT suppltmffllll.ry Ufts .. 1 tin <rmait;1m marlud X wtrt not "",d,,(#<1 
unm 1M S4m~ conditions as II., ,..gular usn (IU text) II"" IIr, not rompar .. bl. with 
tb, rq;ul..r I,ds on 1m .. "wh.1t /"dis. HOWfwr, they "" thow th, ufa',w -if"" of 
J,% IIntI8,% ,..t..ti", humidiry at 8,.F ttmpwalur,. 

cows, and were quite different. It is noteworthy that the rec tal tem
perature and respiration fate were fairly stable at the 65

0 
F., 50% 

R. H., base condition for all animals (Fig. 3). 
Because of the shifts in base-level that occurred in most of the 

measurements; all tests of significance were made on differences be-
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tween base and experimental levela within each six-week period. No 
change In animals occurred during these alx-week periods. 

• 
o 

~z 
0 

~~ i • • • • • 
g~ ~ • o . 
~ :1 

~ 
0 

z • 
0 
" .. 

.... :l; :i 
~~ > 
l§o .; 
u-

Fig. 4- ClHmgt' in mdb4n, pnull<di(m, c.rbon ai~xiM pnul"critm, .nd o'?gtn a;.o. 

' '''''Ilion in.1I rtnl4.t /)au ronairions (6J ' F, $0* R. H.) .ma ... IM,," ""{,,,s ~/_ 
!Ir,,'''''' .na b"mMity. Tb'lo"" s"ppllm'n',,? ttsts "I tb, ro"diliollJ m",.k,a X 
.....,., 1I()l ro"al<ctu/ " ..... Iht SAm, an.ail;tml IU Iht r'fI"u.,. _ on .,,, .. bKJi"" kJis. 
Ho...-., thty "" sht>w tht ,.,u.riw ,1/"" '/JJ'l6 .na 8'" ,.,I...riw h"miaitHs .. t 8J' 
F '''''f!''.t",.". 
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E)(perim~nal Conditions 

The results of the tests of significance are given in Table 4 for the 
11 experimental conditions scheduled during the two years in which 
the cattle were fed pelleted hay. 

The responses at the experiment al conditions were all significantly 
different from the responses at the base conditions for rectal tempera+ 
ture, respiration rate, pulse rate and volume of air exhaled per 
minute. 

Pulse rate was not significantly alte r ed by the milder experimental 
conditions , Table 4, but it was significantly depressed by many of the 
more severe conditions. in all but one instance in which heat production 
was depressed, the pulse rate was also depressed, Body weight was 
more variable but was significantly depressed by temperatures of 
90" F or above, except at the lowest humidity conditions (23%). 

Standing metabolic rate and oxygen consumption were depressed by 
the most sever e conditions, but the differences were not generally 
statistically significant. The greater variability in these two measure+ 
ments may be attributed to several causes. Among these are: 

!. Compensating reactions to increased thermal ioad. Heat pt(l+ 
duction tendS to decrease with decreasing feed Intake but tends to 
increase with increasing respiratory effort. Risingbody tempera
ture also tends to increase heat production through the van't Hoff 
effect. 

2. Temporary effects caused by changes in the p alatability of dif+ 
ferent shipments of pelleted hay 

3. incomplete adjustments to the experimental conditions In some In
dividual animals at the time measurements were made. 

Additional variability In C02 and CH4 production may have occurred 
as a result of changes In rumen function with changes in thermal load 
since all of the CH 4 and part of the CO2 were produced in the rumen. 

Suppiem~m1ry Tesu 

The four temperature-humidity conditions for these tests. are shown 
at the bottom of Table 1. Theresults are included In Figures 2, 3, and 
4. Significant changes from the base conditions occurred at the two 
highest temperatures for all measurements except heat production at 
85" F. , 35% Rli., and CHIl at both conditions. At the two lower 
temperatures only respiratory frequency and voiume of air exhaled 
per minute were significantly affected by both conditions. C02, 02 , and 
pulse rate differed significantly from the base level at the 40 0 F. 
50% Rli condition. No significant changes occurred in the other 
measur ements at the low temperatures. 

In general, respiratory activity was Increased by the two hot con
ditions and depressed by the two 0001 conditions. Energy metabolism 
was depressed by 85 0 F., 60% R. H. , but it was not altered significantly 
by the cool conditions. 
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Compn ll;ve Effects of T emperature- Humidity Conditions 

FI""re 5 ShoWI how muCh the II combinatIons of temperature and 
humidity of the comparablo testa Inc reased or decreased the eight 
mell.5urements from their baae levels at 65"F .• 50% R.H. Since the 
differences from base levels were lell affected by chllllgell of the 
IUllmais than the measurements themselves It 18 possible to eaUmate 
the relative effects oftbedlffereRt experimental cond!l loDIt. It II evident 
that aU 11 experimental conditions increased respiration rate, rectal 
temperature, and expired air above their 65 of .• 50% R H. levels. Table 
5 Shows which T- H combinations caused slmnar reactions and which 
combinations cal,lsed d ifferent reactions. It wu found that the 11 
condllLons separated on the basis of THI values Into three distinct 
groupe deslgn.ted as mUd, moderate, .nd severe. An.lyses of 
varl.nce showed that the differences In re.c tions to the mild, moderate, 
and aevere conditIons were allslgniflcantly greater than the differences 
in reactions within the three conditions. The four respiratory exclulnge 
measurements did not show as consis tent changes wIth Increased 
temperatur e and humidity (see Table ') for the reasons dIscussed In • 
preced ing section. However, there was a tendency for heat prodUction, 
carbon dioxide production, and oxygen consumption to bedepressed by 
combinations of high temperature and high humidity. 
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EXPER1MENTAL TEMPERATURE AND HUMIDI TY 

Fig. J-CDmp.r"ti.., ~jj«ts of dijJi,.,,,1 fo",bjJUliotoS 0fl''''I".I",.. ""d hu",id,'ty in 
.Iming ~ighl phJsiologiu.J ", • ..sum f.."", their h.u 1,..,1: . ,6,· F, JO!/16 R.H. This 
th.rt .U",,,,.NUS tht 11 rvgllf.r ttm to"dlld~d htlwun OrID,,", 19" • • "d M'")'. 
1960. TIH SMppfnrr"."'ry I#Sb Df 1961 ""d 1962 ........ o",itud..s Ihty _ cpndllCUd 
""d" Stll."'.'b., dl"jf~' to"ditio,,' ."d tllilh f ......... "i",.h. 
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TABLE S. '!':CREMES IN RESPIRATION RATE, PULSE RATE, ru:eTAL 
TEMPERATURE, AND VOLUME O F £XPIn£ D AIR WITH INCREASING 

ENVlRONMENTAL TEMPERATURE AND IIl,IMlDlTY ABOVE !lASE 
LEVELSOI'GS"F.,5O'lR.I!. 

leVill 

Temper- RelalL ... ~,~ -" .WN Humidity """ Temp. 
COGdm ... ., • Till" R.P,M,· Mia. ., 
MUJ> " " 74 . I " ., .., , 

" 
,. n .1 " ., .. , , 

" .. 73 . 7 " 
., .. , " 

Moderato" " .. 7? . 3 " -. '-' " 
" " 76 . 8 " 

., • •• ,. 
" " 71 • I " ., .. , " .. " 17. I " 

., , .. " 
So"" .... d " " 79. 0 " 

., ! .O " 

• 

, 
, 

" 
,. 19. 8 " -, '-' " .. " 79. 8 .. -. '-' .. 

" .. 81 . 0 M -. '-' " 
The dlfferenc .. In ,...,actlon. between the mild, moderate , Md ""Vel''' condillona 
_ .... all slcnUlcont (P < .05 for pulse ""to and < ,01 for !he Olher me .. u .... ) with 
ra.peCI to the d1lf ..... nc:e. wllllln the three condltlDNI. T he du.Ulcat1ona_ ... 
mw. on the bull or THl val_ eomputed lor .""rap dill)' eoDdlUOIIII. See text 
for dI • .,....Lon of T ill . 

Till values In the mUd ranle occur ""l"lni JWIt! In ~!l .. ""rl. 
Tm values 10 the moderate ran", occur during JunG In uve ro.l southern COital 
,U.lU of the United Stllte • . 

d T in val"", In thoI lOve", ranp OCCUr for ' month In hot and arid ue1.!on. Puly In 
Yuma, AriZODa) and In humid ,.,..lhem coUla} areu (Au",,! In Bro","",vm •• T ..... ) . 
OUMor ,nou of 1M UDited Swu expenence moderate Or ... ve .... cUlditlON for ,bon
er periO<b of time. 

e RetpinUona per m!IIIIt •. 
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SUMMARY 

19 

Lactating Holstein cows were exposed to various combinations of 
temperature and humidity in a switchback or reversal experiment. 
Forty animals were used during 11 tests and 12 animals were used in 
four supplementary tests in which the environmental conditions were 
slightly different. The objective of the experiment was to measure 
the gradations in the physiological reactions of the cattle to the various 
conditions and thereby classify the various temperature-humidity com
binations with respect to their thermal effects. 

Data are reported In this buLletin for respiration and pulse rates, 
rectal temperature, heat production or energy metabolism, expired 
air volume, oxygen consumption, carbon dioxide production, and 
methane production. Statistical analyses showed that exposure to 11 
temperature-humidity conditions at temperatures of 75 ° F. or higher 
caused significant increases from base levels (65°F. 50% RH.) in 
rectal temperature, respiration rate, and volume of expired air. Pulse 
rate was Significantly depressed by Six out 9,f seven temperature
humidity combinations for temperatures of 85 F or higher. Changes 
from base level were less consistent in heat production, oxygen con
sumption , and carbon dioxIde and methane production because of com
pensating reactions (decreased feed consumption versus increased 
respiratory exertion). 

The 11 experimentally comparable temperature-humidity com
binations separated into three statistically significant levels of severity 
based on U. S. Weather Bureau temperature- humidity index (THI) 
values for man. The physiological responses of the cattle for re
spiration rate, rec tal temperature, pulse rate, and expired air volume 
also separ ated into three statistically Significant levels of response 
(P<.OS for pulse rate: P<.Ol for the other three measures) when they 
were claSSified with respect to increasing values of THZ. The close 
relationship of the magnitude of the responses of these measures to 
Increasing TH! values indicates that the THI values may be applicable 
to cattle as well as to man. 

The three T-H conditions which caused the least change from base 
levels at 65°F, 50% RH., in the four measures were 75°F , 90% RH.: 
80 ° F, 30% R H.; and 80° F, 50% RH. The THI values for these mild 
conditions are Included within the range 71.1 to 74.1. 

The four conditions which caused moderate responses in the four 
measures were 85°F, 50% RH.; 90°F, 23% R.H.; 90°F, 25% R.H.; 
and 80 F, 80% RiL For these conditions the THI values were Within 
the range 76.8 to 77.3. 

The four conditions which caused the greatest responses in the four 
measures were 95 of, 25% RH.; 85 of, 70%R.H.; 90°F, 42% RH.: and 
90 F, 50% RH. For these severe conditions the THI values were 
Within the range 79. 0 to 81.0. 

The mild condition occurs In June in Missouri for periods lasting 
up to one month. At this time some of the southern coastal states are 
experiencing the moderate condition. The severe condition lasts for as 
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much as a month in some hot arid areas (July in Yuma, Arltona) and in 
humid eO&Btal areas (August In Srownsv!lle, Texas), Other areas of the 
United Sta tes experience either Intermediate o r severe temperature
humidity conditions for ahorter periods. 
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TABLE 22. AVERAGE MEASUREMENTS DURING SPECIAL TESTSA 

OK SIX LACTATING HOLSTEIN COwS 

Week 
Temp. R.H. • , , , , • ',. • Condition R.B.M. P . R • R. T. H. P . P . V. R. 

Cow 8n (Av. body weight 571 kg) 

" " '" 50 " WI . S 1261 '" ., " ", " " 105.4 ... ,,, 
" " ,,' .. .. 101.4 1151 " " .. "" .. .. 104.9 .n " . 
" " '" " n 101.4 1060 '" Cow 822 (Av. body weight 581 kg) 

" " " " 101.1 1213 '" ., " " .. 101 . 9 1110 " . .. " " .. 101 .4 "" no 
" .. " " 102.4 '''' '" ., " " " 101 . Z 1112 , .. 

Cow 842 (A v. body weight 581 kg) 

" " " " 101 . 6 "" m ., 
" " " 105. 2 1162 '" " " " " 101.5 1242 no 

" .. " " 105.3 "" n. .. " " " 101. 3 1255 '" Cow 855 (Av. body weight 523 kg) 

" " .. " 101. 2 1052 '" ., 
" .. .. 104.7 '''' '" " " " .. 101 .4 '''' " ., .. " " 104.4 1081 '" " " " " 101 . 1 1081 '" Cow 821 (Av. body we!&ht 542 kg) 

" " " " 101. 6 1134 "" ., 
" n .. 104.5 ... '" " " " n 1(}l. 4 , .. .. ., .. .. .. 1()4. 7 .n '" ., 
" " " 101 . 1 1088 U. 

COW 875 (Av . body weight 513 kg) 

" " " ,. 101.0 1014 '" .. " .. " 102. 1 '" '" ., 
" " " 101.2 1053 .. ., .. " .. 101 . 9 ." '" Aver.S!:, tor 6 Cows 

" " " " 101.3 1153 no ., 
" n " 104. 0 1021 '" " " " " 101.4 U" '" ., .. ,. 

" 103 . 3 ... '" " " " n 101.2 "" '" 
a The eonditlons for these Special tests were· different from the conditions for the 

regular testa u discussed In tbe text . , 
Respiration per minute . , 
Pul.s e rate , beats per minute . 

d Rectal temperature , OF • 

• (Computed from 0Z' CO2, CH4 , and P. V.R.) Heat production. k ca1/hr , 

t Pulmonary ventUation rate or liters of alr exhaled per minute . 
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TABLE 23 . AVERAGE MEASUREME""S OUJUNG SPECIAL TESTS· 
OS SIX LACTATING HOlSTEIN COWS 

W~, 

Tem.p. R. H. n , , , 
H. p . e 

, 
''- • Condition R.P. M. P ,II. R. T. P. V.R • 

Cow8§7 (Av , body weight 523 kJ) .. " '" " " 101.2 ... '" .. " "" " " IOl.Z '" " .. " '" " .. I Ol.3 ." .. , 
" " "" " .. 101 .1 ~ .. .. " '" " " 101 . 1 ON .. 

Cow 921 (Av. body welgbt 513 kll .. " '" " " 101 . 1 .. , '" .. .. "" " " 101. 2 '" " .. " '" " " 101 . 2 on .. 
" " '"' " " 101.1 ... " .. " '" " " 101 . 0 '" .. 

Cow 910 (Av. body w~1gbt 512 kg) .. " '" 3A " IG1 . 3 '" '" .. .. '"' " " 101. 2 ,., 
" .. " '" " " 101 . 3 ,« '" .. " .. " " 101.2 '" " .. " '" .. " 101 . 1 ... .. 

Cow 851 CAv. body ",.., igl!t 616 k.Cl .. " '" •• .. 101.3 ... n • 

" .. "" " .. IOG . 9 '" .. , .. " '" " " 101.1 '" '" .. " '"' " .. 101 .4 ,n " " " 
,,, 

" .. lOLa '" .. 
Cow 895 (Av . body weight 555 kI) .. " 

,,, 3B .. IOl.1 '" no .. .. "" " .. 100.8 '" " " " '" " .. IM.9 '" " " " "'" " .. IGl . O , .. " .. " '" " .. 100. 9 '" .. 
Cow 46 (AY. body ""'I&ht 512 kill .. " '" U " 101. 1 ... '" " .. "" " " 100. 8 no .. .. " '''' " " 101 . 1 ". '" .. " "'" " .. 101.1 ." " .. " 

,,, .. " 101 . 0 , .. " .. " '''' 101 . 2 '" U, .. .. "" 101 . 0 '" .. .. " '" .. 101.2 '" 
.., .. " '" " IOt.a ,,, .. .. " . '" " " 101.0 ". .. 

• TI'Io cond1t1ons (Dr the.e .pedal te~c.a were diffe rent from the conditlOlll for !he 
"JUlar te.ts a5 dlsC\ ..... d. In the text . 

b Re'p!ratlolUl per minute. 

D PuIs. rate, beats per minute . 

d. R6cuJ tempenture, .F • 

• Heat proctl>Ctlon, k cal/hr. (computed rrom °
2

, CO
2

, CH., and p , V. R. ) 

f Pulmoauy voentilatloa rate , or litera of air exhal.d per minute . 
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