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Shelter Engineering 
With Special Rtferm(f to OQHlestk Animals 

LXVI. TEMPERATURE·HUMID ITY EFFECTS INCLUDING 
INFLUENCE OF ACCLIMAT ION IN FEED AND WATER 

CONSU MPT ION OF HOLSTEIN CAlTtE 

H. D. JOHSSON, A. C RA("oSDALE, I. L Bun AND M ILTON D. StMNKU,," 
WITH TECH NICAL ASSISTANCi Of SJ.:<ORA MCLARNEY 

IN TRODUCTION 

Various combinations of l<:m~r1f1,HC ana humidity above a comfort cem· 
petauue of 6~ · F influence milk prod uction. feed ;make, water i"cake. body 
wash! ana mher f.,mClion! aU(I(iarcd directly with prodl.lCtion in dairy aninul$. 
This is the fim report d~ribing these rebrivc cffeas of numerous combinarions 
of tCmpen.CIIrc and h".midiry on food and waler inukc-. Temperature.humidity 
combinations on milk production have been rcpvrlcd by Johnson t f ,,/. (1962). 

II is the purpose: of this report ro provide extensive data on ~ and ~tcr 
intake as influence<! by rempcl'lltllre·humidiry conditions on b elating Holstein 
cows. Data of this nlture ate esscm;l] and fundament,,-I for sp«"ili.c .-shelter ~ 
quiKment indexes as JXrtains 10 !he twO most imporlan( fit<ctors of an environ
men( above .he animal's comfort zone: temperature and humidity. An additional 
purpose was rQ analyze: the "shorr-term" accl imation !lends and expres~ them 
mathemlliully (or euh CXposUK JXriO<l. A further objective WlIS 10 relate thcsc: 
to responses in milk production. 

Orientation 

Sino: the days of RubfICT and Voit, agri.:uhurisl$ have been incn:uingly <OIl

cemcd with rhe COIlrroliLng influence of rhe environment Ind the needs of energy 
for productiQn (milk. melt. etc.). Feed intake in etltie is uti1i~ed for milk pro
dU(tion, mai ntenance of body cdls, Ind producciQll of body hell!. With declin
ing temperature gradients between rhe ani!mlmd its environmenr (above 6~· F) , 
cude Ju.ve extKmc difficulty in di!.Sipating sufficient body hell! by vaporiution 
or by non-evaporarive cooling to mainnin normal body !emJXnturn. 

Any irxrc25C in body !cmper1!ure depresses fC('d intlke md milk production 
(Worne11 1nd Brody, 19B), therefore, ir is approprille rQ concern oundVC$ 
with Ihe mcchmisms of feed intake lnd £aCtors controlling ~ intake which ~ 
mivdy being invcstigated on labol"llQI}' lninuls. Brobeck (1960) described hi5 



rhermoscnsirive theory of appetite regulation by presenting evidence of heat acr· 
ing either on rhe he:<t·scMitive neurons of rhe rostral hyporhalamus and pre
opric region. or upon the neurons of the appetite (enter. Other excellent review!; 
of this subje<:t "'ere presented ar rhe 22nd International Congress of Physiulogi. 
cal Sciences b)' H. D. J anowitz. P. J. Morgane, and others (1962). h Ctors con· 
trolling water intake are also believed to be located primarily in the preoptic and 
rostnl regions of the hypothalamus (B. Andersson, 1962). 

In view of this increased emph:lSis on body rempe,,-ture (more specifically, 
hypothalamic) 1S a controlling influence on feed and Water intake, rhe data in 
rhis reporr will be expfel;secl in rdation to a temfX'r:lfUre-humidlty index :IS well 
as rccnl temperarures ar rhe various temperature.humidity cond,tions. Since 1 

highcr environmental temperaturc without irs relation to humidity of [he .ir 
d.xs nOt fully express the severity of the environment~l condition. we will use 
the temperature· humidity index 

P ROCEDURES 

Experimental Animals 

A tot~l of 40 laCl1t;ng Holstein ww," wcre used during (he two )'calS de
voted to this study (as described by Johnson tI al .. 1962). The daily milk pro
duction of these cows when they were phced in the Climatic Labomory rango:! 
from approximately n pounds fX'r day to lbout 70 pounds per day. depending 
on their stage of lactation and milk potential. 

Individual cows wcrc arbitrarily classified on the basis of suge of laClation. 
Cows in Ihe flrsl three monlhs of laCtation were considered to be In the early 
stage of lacration; cows in rheir four 10 six month stage of lactarion were re
ferred to as the mid·Jacntion group; and rhe cows which had been producing 
milk for about six months Or mure repreSented the late·lacution group. Cows in 
each stage of laCtation were mltched 1S nearly as possible with respect to pro
ductive capa.:;ity. persistency. size, and age. 

Experimental Design 

The experimental design used for this study was a reversal or "switch-back" 
plan. Two groups of animals were used; one group being exposed conse<:udvdy 
to 1 control (6,oF,'0% rdative humidity) cundition, experimental condition, 
and control (6,OF, '0% relative humidity) condition lfl th1t order, while the 
other group W:lS exposed to an environmental condition followed by 1 control 
condition, etC- (Tablt 8 and 9). The ~nimals were exposed to e:lch wndirion, 
experimental or control. for a period of two w~ks. As there are twO tCSt roorm 
in the Climatic Laboratory, the two grol.lps of animals were tested simultaneous
ly. A period of six weeks was necessary to complete 1 tesr for each experimenlal 
condition. 

"In oddiriO<l 6 I>«,,;ns HeI,,';n CO'" W<f< pl""';n ,.,. bbonlO<')' Nov. 2<). 1%'. '" e!Ott,mi"" ,h< dfc< .. 
<>f hum;d;'1 b<1"" M'~ o>n milk p,<><iu",ion. fffd .ne! ... ,'" innk ... d «bred phl'io(o~<i( ma,ul<m<n'. 
Th< milk. fffd, ... rcr .ocI body I<mp<n.,ur< do" iI. indud«! in ,I>< .pp<odi, of ,hi, m.""oc';p<, T.bln ". 
12. ,oci Ll. 
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SDtin iCli An21ysis 

The design of rhis investi8ation permined the usc of several merhods in 
~nalyzing rhe eff"«ts of temper-Ilure lmd humidify on hay and .... ~ter eonsump
tion daD. One proce<!ure .... as a comparison of the effects of the various experi
meotal condidons. In this analysis, student's "t-teSt" .... as used 10 compare the 
hay, TDN, and ~ter 10 Ihe previous control of 6,oF and ,0% R.H. The aver
ages of the second-week data wcrc lise<! to determine the differenca for the 12 
co"'$. 

Another method (Bnndt. 1948 ~nd Lucu. 19'6, J9H) tested tralment dif· 
ferell(a in the s .... ilCh·lnck daign. T he ronsumprion during (2(h experiment:d 
ptriod was compared to rhe l1orm~1 h~)' and water ronsulllprioll. This method 
.... as more sensirive than Ihe standard "t-u:sr"' ~nd e1iminared varialion due 10 
bmh error and the lratment variance valu~. 

Beouse of individual cows' differences in k-vels of in take and 1cdim~lion 
trends of hay and waler consumplion. a more complex analysis procedure was 
designed espedally for the evaluation of individual animals. The hay and water 
consump!ion of e~ch cow during a si~ - .... eek period .... ~~ rated for si,llnifbm 
difference .• due to the expcrimentll (Ulldirions. This p,<)(edUfC was <ksinble be
cause- it did nnt mask the individual differenccs in IlC:It mlerance. T he first Slep 
.... 15 the compulation of a Itlsr-KJu~res regression line versus limt in days for 
the second- and sixlh-week dala. The aveM,li:t of the st"Cnnd· )nd sixth
wttk daf2 ~s Ihen compared 10 the avel':l~e of the f"urrh·week data, wilh the 
differences being lmibured w the differences between rhe colltrol an(1 experi· 
mental condition. The sum of squared deviatioou :lbour Ihe regression line 
Ihrough the seco"d· and ~i xth_weck d~ra is a " r_test" "f the difference in hay 
~nd waler consumplion during control and cxperiment)1 periods. TIlt primal)' 
purpose in computing Ihe regression line of hay consumption, versus time dur
ing the se-cond and sixrh wttks was to eliminale squared errors due to lhe nor· 
mll decline from the error ttrm in Ihe ·',_tCSt H

• 

The probabilities obtained by the "Hem"' camH)r be applied to other rows. 
but they do indi"'le the probability of some 'xlOr othtr thn daY-lo-day VlIIria
lion influencing the res ted animal during rhe time of a tCSI. (The level of sig
nilionee is defined :IS lhee prob:lbility of a grealer "t" VlIIlue being olmine<! with 
a nndom sample, or by chance, from a population of this paniculu ~randard 
deviation. There wele 18 degrees of freedom, [( 14·2) + (7-))]. 

Acclimation trrods for c:tch cow during ' .... o-week periods .... ere cstimate<! by 
computing "b" v:\lues for hay and waler consumption versus time in dtys. (C<ju:l.
tion, Y '" a + bX). Sand.trd errors of estimate and com:lation coefficient WC1t 
also determined to indiate the signifiance of such acclimation trends. 

Measurements 

Watt rlnllllu: In the dimatic cllambelS, .... aler, 11 60° 10 70"F. was aVlllil
able.d libillim in drinking C\lpt. The daily frequency of drinks and rhe quantity of 



6 MtS50Ull AGllCUlnJRAL ExPU1NENT STATION 

""'ICT consumed .... en:: r«ordo:d aUlom1cicall)". (FOt methods !itt Ragsdale, " td .. 
l~O). Both a.m. and p.m. dm wen: obtained in voll,lme Ilnd fr«juency of drinks 
for individw.1 (ows. 

Fud C()nsumpti()n; The cows were fed gnin and beet pulp before milking 
and alfalfa pelletsi' following each milking. Individual 1.m. and p.m. fttd mas
", res were made for each cow. The alfalfa pdleu were available .ui fihillll". The 
amount of alfalfa pellets or gnin Jefe ove, wu recorded and deducted from d~ 
quanrilY fcd. The gnin and . [(alb pdkl$ refused were air-dried before lhe 
~":cighl-back" wu dedUCled. The composit ion of Ill(- milk rlltion (Tabk 10) and 
alfalfa pellets and quamilY of btt! pulp wcre previously reported by ) ohnJOrl 
If ill. (1962). 

Ru ral T t mpUalurtl: These measures were recorded daily wilh a clininl 
b\llb thermometer u \ :}(/ p.m. Mon<lly through Friday of eoch w~k 

A summary of the unpublished dm o( H. H. Kiblet is prcsc:nlcd in T~ble 7. 

Bwly Wtights: Exh cow ",as ".·eighed before f«<ling t",ice ... ~kly UI 
Wcd~~y and Thursday at ~ppmximudy .,00 a.m. 

RESULTS AND D ISCUSSION 

Temper.l.turc-Humidiry EfI'"ttts on Fted and Waler Consumption 

Fa d CO/lsuII/p,io/l . Thc diffcrcn~5 in hay consumption valuc~ (2nd wetk 
avcuge) from the prcvious 6~'F base value$ arc represenlcd by bu gl':lphs in 
Fl,llures h and lb. 

Thua for 19'a..~9 (Fig. II) sho".·cd that the hay consumption decrC2SC"d (or 
all the ani nuls ar IWO tempcl':ltures, SOo F·809Ii and 90° F-'IOW>; for all lnlmals ex· 
ccp' Cow 8~5 at 9O°F.)()\II R. H .. and for mosr of thc .nimals 31 SOoF-}()i; and 
8O°F.~~ R.H. To furrher demonstrate the eff«u of the hi,llher tempcr.l!ures and 
humidity combinations observe the 10"'·("( humidity at 9O"F·20% R.H. Appar· 
ently the lower humidity ofl'"set the effeclS of ,hc high lempCl':IlUre and there 
were ,,[ually increases in hay consumption difl'"erences in all but three cows 
(474,818,440). Cow 818 was the highes, producer of milk (W lbs. ), which may 
lccount for its decline in feed in rake. 

Hay consumJ>(ion decro.scs for 19j9-60 (Fig. Ib, Tablc I) "'·ele si,llnificanr 
at 9,oP_2)'I>. and 8~OF-7096 R.H. Hay intake differences had dccro.scd from 
6,"F nlues in all animals but one, (C-818). At 9O·F·2~'I> R.H., hay consump
lion dccrC2SCS were of greater magnitude than those of the previous yo.r 11 
9O" F·2Q\li R. H . 

t~01I"f><"t ....... ,.....",0«1 """'pooiriOll "'" I ... 'h"" "'. c .... pro"';. : ,...do fu "'" .... II .... 1.1)It: CNd< 
&bet noc mot< '!wI:mt". "'''''..., flft ",rut nOl 1<>.1 ,t.on j)!l,... bot><lt<ol """ods. ... PPlo,.; ...... ly ItoJXlI 
l.I,l. at Viwni ..... "'11m obaJned dwio, ,ht: 11m row _tho ... ....., jift 1~)9) ...... from let_ 0.-
hy<inri", Co... w.ke"" No. T1to< pdlets fo< ,1>< ............ poriod "' <b< 11m yas' ... p<ri ..... , ...... _ 
Mid ........ 1"''' BIt ...... Joe, Topcb. !tans. DuM, til< I~ """, . u pdl ... were obuioed /"to .. .... 
w .) . S-U Co... ICst>o>o Cll)". Wo.,. tL ....... of ... _ DomcIo·Midbnd Co.. 



Th .. "t·tem" on indiYidlUlanim~b in Figure Ib and Tab!.- I india.tt sig. 
nifinnt <kCrc::ls.-s (P<.OI) for all 12 l nim:als :II 9)· F·n'" R.H. At 8)"F.7(lIiI 
R.H .• decr<"2Se5 for 10 of the 12 :anim:ah _re ,igniliant :I t P<.01 and one of 
,0" 12 was signific:am al P<.02, making a signlliClnt dec line in o:ay consump
tion for II 0( toe 12 animab. 

The 7~~F·90% R.H. condi t ion was the mildest treatment . SigniMnnt in. 
creases were soown by tWO of the II cows while five of the 11 had signitinnt 
decre>5e5 (Tab!.- I). 

In considering all Ihe lemper:lfure.humidily conditions. significant ~ 
sions in hay consumption "'ere obsc-rved at 0.01 level for 9'·F·2) .... 9O"F-«1J, 
and )096. 8)"f..)() and 709I\, :and 8O"F-8l% R.H. by studen!'s ··r·tesc'· (Tobie 2). 

Further obscrvlrions of Figures hand Ib showing reln;,"e OOmp.,isonl of 
individual oows' re5pon~ 10 Ihe tempcnrurc and humidit)· effects r .. vnl Ih:at a 
lower humidity of 2Q\I6 at 9O"F W:1$ .lmost ("omp!.-Iel)' devoid of heat S!fen. In 
{>ct. increases oc("urred in hay ("onsumption. The same temperlture bUI higher 
humidity. 90° 1'.40% or 90· ]'·,(1% R.H. caused $even: hyperthe.mi. (~T.1ble 7) 
in th .. cows and g=t losses in hay consumption. Obviously :I high humidity It 
high tcmpenture is a distressing factor and interferes critic:.Jly with hnt dissip!l' 
tion in a presumably ··non·swnting" cow. It is also very apparent thll CY:I.pora. 
live and non<V:Ipol1ltive cooling on mainnin thcTmalbabnce in most COWl at 
9O~ F.2O% R.H .. but an incrt"":IX of O,,?)<:J, humidity ClI U>CS e~treme Iossn Also. 
an S)"f·7()'j(. R.H. condition IS alm~t 1'5 stressful 1> 9)"F . .,% R.H .. which sug· 
ge:<t~ the nilial impornncc of mlin taining a low humidity al higher tempera· 
lures. 

T DN consumption d«lino "'~re ~bout the u mc al ,haSO' in hay eonsump
don, showing the hay consumption to be ~ good indiClllor of temperature ef· 
feclS on feed intake (Table 2). Sc:udent"s '"HClI" for signifiUn<c of differentt 
rcvc-alcd aboul thc same tempera!ure effC(t on TON n on h,y consumption 
(Table 2). 

TON perrains 10 Ihe comple!e nrion which consi,u of grain. beet pulp. 
and al(al&. TON coovenion vlloes :trt as mHows: bceI pulp 72.4OSf. m.y H,~. 
and grain 7!.6191i. 

Hay consumption and TON values based on second.week :lverage an: shown 
in Table 3. 

Additional in formuion OIl feed consumption at lempenuwcs and h"",idities 
helow 6' ~F is toornl in Table ll. Tables 11 and J3 comain mformation at ,hc1c
temperatures and humiditits on milk compo$ition:lfld body ",cight respectively. 

W<fU,. Ct;nSMmpril)1l: WatC1 consumption dilfercroca "'en: C"Xp~ by bar 
graphs in rhe ..ame manner as the hay. Seven of 12 cows incrcucd ""ater c0n

sumption Significantly (P >.O,) at 9O° F·201f, and 9O°F·n9li R.H., ""hile con· 
sidenble variation "":IS obsc .. ·cd al 9O~F·"(I% and 9O"F.)(I% R.H. At 9O"F.).(l% 
R.H. all cows in thc e'.Irly Stllgts of lactl tion incrt1'5ed and other .nimals in the 
mid ."d l2Ie stages d«.n.sed. (f ig. 2 and T:able I). 

Exposure of lactating (OWS to higher temper:tlture and humidity condirioos 
usually elicits vui:ab1c responses in ""lIer intake. T his is due: 10 many facton 
among which arc heu rolenncc, effect on milk 110"" feed innke, and :a.nimal 
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vaporization. Figure 2 shows consistently that mOSI Iowa producers or anilTl.:lb 
in the larc slage of production increase waler inllkc 11 condidon! above 6,°F. 
( A purial explanation is [he compcns11ion in Waler int1lkc due 10 Slca!c! w~tcr 
1005<1 in milk output of high producers.) Table 2 plC$(:ntS avenge values of the 
12 cows at euh rcrnpcratu r .... hurnidily condition. 

In furdu:r consi<.kr:otion of water consumption. {he student's "«(esr" based 
on difference from previous 6'-F·50l1> R.H. avcl1Igc of 12 cows showed 1 sig
mfiC':l.rH in(leuc 11 9OGF·2~ ( P>.OI). 9O°F·n% ( 1'>.05 ) and 8O- F·:\{J% 
(1'> _10) , (Sec Table 2). Changes in wat" consumption It other conditions 
were non.signifiunt. 

Additional informnion on w:ltcr CQIUUmprion at tcm~rarurcs and humidi
lies below 65°F is {oond i!l Table l ·t 

ComparisoD of Hay and Waler CoDsumption 

To facilitatc this compari ron a th=-poinl moving a,·tt:l.g~ (Fig. }) \1i2S al· 
cuhted from the daily hay and wuer dua for "ght cows. Four cow.~ "f och 
year'~ trial w~re subjected to all of the environmental "'ndition~ of that par. 
ticular year. $tarting :u the early suge of lacruing group and finishing in rhe 
laIC stage of laeration group. Treuments were of twO weeks· dUf1tion with 
swirch.b,uk exposures to the base: condition of M' F_~OII6 R.H. 

"Shorl-term" acclimation efTcclS of the: lemf'l'f1Ulfe.humidity expoSl,lr~ a~ 
shown graphically (Fig. }) on daily feed and water consumption "f the eight 
c"ws. In most instanCC5. ar 6~ ° 1' rhe Water intake gradllally increased as rhe hal· 
inf1ke resumed. This is r.-ad;ly apparent al 90°1'.)0% R.H. as well as most other 
conditions. The trend or temJ>l'f1lure adjl,lsrmem changa in the: I':l.Iio of fttd in· 
rake to water .ntake upon ~xposure 10 the vuiol,ls ICrnpc:r:lture condi{ions may 
1150 be: visuali~ from ,his plot. 

The dcbytd or lag efTeclS on feed and wucr intake were very impreni'll: 
on Ihe cows, For example, at 9, "1'·2''''; R.H. it was almost a week before some 
cows showed minimum levels of feed inlake for that period. Upon return to 

65° F. a "'"ttk was apparently n«esnry for the major recovery to be: accomplished. 
These ·'shorr·rerm·' leclimuion e!fecl! are expressed nUlTICfic:tlly ( for slope ··b~ 
values. correlation, and signific:tnce of change:; sec: Tabk ' ) . 

Noce rhe greHer relative .... aref values (pl/day), w mparcd .... ith lay ron-
surnption (Ibs/d,y) for Cow H}, until the late stage of lactation when hay in· 
take bcglln to increase (Fig. 3). At 9O°F.,0% R.H., the greatest decreases were 
nOled for all cows. 

In the: upper seerion of rhe data, Cow U·8W shows marked increa5e$ in h2y 
consumpcion during the M OF exposure and like d«fc:asa upon exposure to the 
various treatments. 

Hear T oleranl and H eal IntoJc:nnt Cows 

D iily milk production, fCC<! and wllCr cOn5umption datl, lnd body tem
perature are shown (Fig. 4 ) fOl" typical h.-at tolefant and heat intolet1nt cows. 
Figure 4 shows some of the typial gross responses of two cows which we hi'll: 
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designar.:d as he:&t tokranr and he:&t inrokrant to a particular tempe~cure·hu· 
midity treatment. Two of the four cows in the 19'9·60 e~perimenr have beo1 
referred to in an earlier bulletin Uohnron tl al. 1962) u hear tolennr (C-829) 
and he:&t inrole~nt (C-6l}) (lower stetion of Figure 3). Cow C-S29 leveled 011' 
in feed consumption at S)OF·7051> R.H. and bcg:..n a general incmse with some: 
drop at higher temper:ltwes. The feed consumption of COw C-623 showed mOIl: 
variability than that of C·829. Normally the animals, relacivdy speaking. con· 
sumed more hay (lbs./day) than Water (gals./day) ; " owever. at 8,oF·)05I> R.H. 
the reverse was true. Bmh cows consumed more water than hay al 8~~F·XlI' 

R .H. 

Remarhbly consistent responses were obtained in body temperature, mille 
produCtion, tuy, and w:lter consumption of C-623 and <:-829. n.e X·axis showtd 
time, in da )'$. at och successive: enviranmenf1l1 treatment. 

These tWO cows produced about the same quanrity of milk at 6)OF but at 
9)OF an obvious difference existed. At 9,o F·2HiIi R.H. there was a drop of ai> 
proximately 13 pol,lnds in hay consumption for C-6l} while hay consumption 
remained about the same for C·829. 

Relationship of W ater Consumption and Milk Production 

Absolute dua values arc presented in Figure) for individual animals, vari· 
ous stages of production.level of milk production. and different tempe~tu~ 
humidity conditions. 

At the higher temperatures the cows produced lower volumes of milk mel 
tended to incrcue water consumption. This observation would suggest an in
VCrie reh tion of Water inrake and milk production. This is funher observed by 
noting thar ar high levels af milk production rhe w:lter consumption was nor 
tOO much greater. This was due again to the higher levels of milk production 
being associated with the lower temper:ltures (animals drank less). 

Relationship of TON Consumption and Milk Production 

There appears to be a gradual increase in TDN consumption wi th riSl118 
milk produClion. Animals in the cooler condition (n° 10 9O°F·2051> R. H.) arc 
more TDN and produced mote milk. Animals II the streuing conditions of 
8~oF· 701', 9O°F.)0I'. etc. ~te less TDN and produced less milk. 

Fig. , sugsesu that most of the animab were milking between 20 and 40 
pou.nds per day and consuming between 10 and 2) pounds of TDN per day. 

Data suggCSt gre:&ter increases in TDN consumption per quantity of milk 
prodUCtion. which is similu to the genenl conCept seen in recent dal1 presented 
by Reid (1961), where the T DN value or availability of ration de<:reased with 
increase in milk production. Simihrily, {he TDN graph and the water graph 
displayed less of a trend, since minimum TDN values are permissable for body 
ma1ntcnance. 



M ISSOURI AGRICULTURAL E XPERIMENT STATIO N 

T D N, FCM, Milk, 3nd Body W eig ht Chang es 

Some insight inco physiological ~diusrmenfS in d3iry cows m~y be provided 
by viewing in ~ gross m~nn« ~ comp"rison of responses in TON consumption, 
FCM, llnd body weight chinge of individu~J cows ~r v3cious temperarure·hu· 
midity conditions. Milk responses in tWnS of weigh! chJnge in (our ~n.mals m3y 
be observed ar $(l° F.2Q%. (Fig. 6) 

A decline in TON is 3ssocill.red with II ,imuluneous decline in FCM and 
body weight change. Some "he .. toleunt (Ows" such as C-794 (Fig. 6b) app:lf. 
endy nn use or devote rd3rivdy more of body weight for milk producrion ar 
the more s!res.sing condirions. However, another "hell ! tole .. n" (based 'Hl ren,,] 
tempcr:lture ch:mgc-s) cow. C·829, m"y acrually have incr<:asecl body weighr sine.: 
het T ON dedined very slightly. This cow lost about the same ~s C,794 in milk 
production. The "h""r imoleranl" cows. U·g;O and C·6H, mide the gre:uer d<:
dines in TDN and FCM and the dllta suggest rhar rhe rwo heat intolerant cows 
m~y have declined in mil k Aow. However, one cow m .... y decline in TON ron
sumprion much more :md lose body tissue (U·830). wheras "norher heal lOb-· 
am cow (C-62,) m~y show aboul the same milk dedine with rebtivdy less ef. 
feo on mN lnci weight loss. 

These data fe·emphasized rhar estim~tes of hCilt tolerance should consider 
the telative TDN and body wtight changes in evaJualing the stress responses 
per unil o( mi lk dedine ar the higher environmental temperotures. 

D~t~ in Figure 6b are nO! as consistent as those in Figute 60. and ,he ex· 
ueme differences in he.t tolerance Or intole .... nce were not . pp .. en!. 

Generolly 'p". king, if a p.rticu! .. tempc:uture·humidity conditi"n i, ('()11. 

sidered. ch.ngcs in TDN consumption 3re ossoci~ted with chang<:s o f relative 
mlgnitudc in FCM and body weight gain or loss . 

Body weight change WOlS cakubced by taking the 3vcragc body weight of 
rhe firsr w""k .nd second .... e.ks (T.ble 6) of. specific period and sul>'r.lcring 
10 find rho dilfet<:n",. Difference in body weighr WOlS 'hen divided by 7 gi.ing 
rhe difference per day in body ",'eighr. Difference pcr <b.y rimes H (TON r:.c. 
tor) provides the TDN. This W", then multipled by 1814 for u.loric equiv.lem 
in bod)' "..,ighr. Then to find diffet<:n"" c:auscd by r.mpcr:l.1utCS 6~oF.Xl% R.H. 
body "'(ighl (Calories) .nd Il"\:alment period (C.lories) weI"\: comp .. ed to ob
toin these d,fferenccs. 

The cOfl,..,rsion foetors .nd values used were: 
'I K C:aI = I()():) latge (C); example ~ Cal or 3 K C.I 
1 lb. of 4% Fer-.! = }40 Calories 
1 lb. of roN = 1814 Cllories 
1 lb. in Body Weight Calorie. = 21.1 lb. of roN X 18141.orgc 

G lories 



Rebtionship of Water, TON Consumption, and Milk Production to 
Rectal Temper:lture 

To adequately describe the mvironmental effect on rhe anima!, vuious ex
pressions were use<l-v:Iopor pressure, dew poinr, erc. lind, since body tempcnrure 
is a common expression of an animal's response and a good indic2tor of the en
vironmental $tJ"e$S, the milk, TON. md wuer consu mption data were plolled 
:loS a function of rectal remper-uure ( Fig. 7 and Table 7). Further evidence sug· 
ge$1S thn body temper:lrure :Iond, p.lt(icularly. hH'mhalamic temper:ltures are 
involved in control of feed and water intake (Brobeck 1962. Andersson 1962). 

It is easy ro observe the extreme variability in milk production resporue 10 
a stressing rcmper:uure.humidity condition. For example, nore the 9~ o F·25% R.H. 
points' may be ~rved for cows r:lnging from esscnti:l.Uy normal body tCffiper.l· 
ture (lOI.3°F) to above !05 °F. For most o( rhe individuals the decline in milk 
pToduClion w:los gre:loter at the higher temper:uute·humidiry condition. Table I 
shows the number of cows displaying signifionce It each condition. 

Milk Production (Ibs.lday) vs. Rectal Temperature 
Most v:l.lucs are groupal )found I02.0° F for the rC(tal tempen.Ulre with a 

one to six pound drop in milk producTion ar this body temperature. As rhe fecal 
remper:lrure for individual COW$ continued to in(rase. further decreases in milk 
production occurred. There were decre:ases in all animals' milk production aver· 
ages at I03.)o f body temperature lind above. If a me:an line were visually CSti· 
m2ted for decline in milk production vs. body temper:lture, each degree rise in 
body tcmper:lture (above IOU "F) rcsulted in approximately ~ pounds decline 
in milk production. 

TON VI. Reen! Temperature 

.... g:l.in. most values groupal around IOl.)·I02"F. In this r:r.nge an approxi. 
mate drop of 1-2 pounds in TO N consumption is observed with a decrease in 
all aver:lges with rectal tempen.ture above I03.)oF. TON and milk production 
followed rne S3me genen.l p~ lfern. TON consumption declincs vuied mukedly 
with rising renal temper:ltures. This v:l.ri3bility is an impornnt genetiC and 
physiological faeror and should be pursued "'hen sufficienr dar:r. are available. I( 
an lIvenge decline in TON vs. rise in rectal temper:lrure is visually estlmared 
from the data (Fig. 7), each degree rise in rectal tempen.ture results in approxi. 
m:lotely 3 pounds d«line in TON innke. 

Warer Consumption vs. Rectal Temperature 
There wu an app:arent gndual increase in Wiler consumprion at (he lower 

rectal temper:r.tures but:lot the higher rectal temperatures rhere W15 a gr:ldual 
trend for the W1ter COIUumption ro decre-ase; thu is, at the higher rem pcr:r.ruR$ the grater losses in milk production provided greater water compensarion (ac· 
tor (less water needed for synchesis of mille) . 



MISSOURI AGRICULTURAL EXPERIM~NT STATION 

Walcr consumpr;on showed no consislem change with body lempenrure 
in berating dairy Clttle;as was cxploined earlier in rhis reporr. The lacrating ani_ 
mals inereased Or de.;re:1.Sed water intake depending on the degree of heat tola
ance, individml ability (or greater or less water consumption, Ihe decline in milk 
production, or Olher unknown factors. 

Milk Production. TON, and Water Consumption "S. T empentuu:
Humidiry Index (THI) 

Waler imake, milk production, and TON intake differences were plOtted 
VS. THI. Each symbol represems 12 cow avenges which ue based on the diff<'I
enCe from previous 6~oP.~0% R.H. values. The visually c51ima,ed cu'ves sener
aUy represent the t,ends·with increasing THI (Pig. 8). 

On the THI scale, 77 sugge$tS the upper level of the comfort zone when 
considering temper.l.lure and humidity only; that is, rhe approximate THI where 
obvIOUS decrea&eS in TDN, milk, and wm" began to occur. The TDN and milk 
differences w<'Ie neg.tive values (less than previow MOF values) while not unciJ 
79 on the THI scale did the water consumption show a decline below the zero 
line. 

For purpoS(:s of estimadon or calcularion of the T HI values, rder to rhe 
original dua (Table 2). As indicued bdore. the higher humidities above SOOP 
become an increasingly critical factor in maintemncc of hC2t balance and the ex
pre$Sion (.2X Dew Point) of the THI formu la provides a m.nner of expn:ssion 
of this factor (Fig. 8 and Table 2). 

Ir is also very app.rc", that evapontive and non·evaporative cooling me
chlnisms could mainnin thermal balance in most cows at 9O°F·2091'i R.H. but 
an increase of only ~9& R.H. causes greater losses in hay and TDN consumprion 
(Table 2). 

Also, an S,"F·7091'i R.H. condition is apparenrly as stressing as 9,"F·2,% 
R.H., again suggesdng Ihe importance of maintaining 2 low humidity even at 
tempenturtS as low as 8' '' F. 



RESB.l.RCl-l BULl.ETIN 846 " 
SUMMARY 

The responses in feed inukt, water imakt, ~nd body wtight of 40 l~cl:l.ting 
Holstein cows to variOliS combinations of tempeN.lllrt and humidity above 6~oF 
are reported. Utilizing a switCh·back procedllre, (he following environmenw 
combinations were studied: nO F, 90% R.H., 80°F, and 30% RH., )0% R.H: 
and 80% R.H. , 8'" F and ~O% R.H. and 70% R.H. ; 90° F and 2011i R.H., 2~% 
R.H., 40% RH., and )0% R.H.; and 9~oF and 2'% R.H. 

Significance of tern peN-lUre and humidity on each individual animal :lS well 
as group sratislics arc presented. Significant elfens on TDN consllmplion wen: 
displa)'ed at SOoF, '0%, 80%; BS"F, 50%, 70%; 90° F, 2'%, 4~. 'Olli, and 95°F. 
25% R.H. 

The rime rcqllired for ad)u~tmen(, "shmt term acclimation'". on feed and 
warer intake during the tWo· week exposure periods is reporred. Graphic rel2.· 
tionships of warer inrake and feed intake and milk producrion ar various com· 
binariom of remperarure and humidiry are prescnred. 

Expressions of aVCl"llge milk producrion and TON imake versus recral rem· 
peratures of cows subjlXred 10 rhe V1rio,,~ temp<:r~(ure·humidity combinat ions 
suggested approximately 4 pounds loss in milk pmdunion (or each d"gree (oF) 
rise in .e<:tal rempeurure, and a 3 pounds I"ss tn TDN wnsumprion for each 
degree risc in recral tempenrure. 

Generally speaking, rhe humidity abnve 6, oF (p·micularly above 80Q F dry 
bulb) becomes a crirical faeror in the maintenance of hC";jt balance ~nd thus f~-ed 

intake and milk produClion. 
TON consumption, W~ter consumption, and milk production were rd~tal 

to a tcmperature.humidity index (THI '" .~, X D.B. + .2 X D.P. + 17.S). 
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TABLE I -- LEVE L OF SIGNH'ICANCE ' FOR INDIVIDUAL ANIMAl.'!' HAY AND WATER CONSUMPTION 
AT TilE ENVlROl'MENTAL TEMPERATURE COND1TlOt;S 

lIay Co",,~mptt"" Waler COfIIIumpiloo 

."' ."' ."' ."' ."' 
Number or Animals " Number or ""Imalo" 

• • • • • • 
I or 11 2 of 11 I cI. 11 2 of 11 1 cI. 11 1 cI. 12 I cI. 12 2 of 12 

2 of l~ • of 12 2 of 12 1 of 12 

1 of 12 (of 12 1 of 12 2 of 12 1 of 12 1 of 12 2 of 12 

3 of 12 ! of 12 1 of 12 

801 12 1 of 12 2 of 12 2 of 12 1 of 12 

UI of 12 I of 12 1 of 12 2 of 12 • of 12 I 0112 

1 of 12 4 of 12 1 of 12 6 of 12 1 of 12 

6 01 10 1 of 10 1 of 10 5 of 12 1 of 12 1 0112 

9 of 12 4 (J( 12 

12 01 12 3 of 12 20112 

lZ of 12 2 of 12 3 of 12 1 cI. 12 

."' 

' llnndt '. "to te ot for Indlvidual anImols based on the owllchb.oek dc>.lcn on Indlvldual diflereD"". In hay and water ~on8umptI0l'l . 

1 01 12 

" Nwnoor of ani,ua1.8 sbowlng .lgnUlcanllncre ..... (+) or <i8cre ...... 1-) In hay and wBier con8~rnpClon from the IlOl'"Il'Ial 650 y . - 5O% R.II . base. 
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TABLE 7 -- RECTA!. TEMPERATURE of. nASEDON AVEIIAGE or TilE 2ND WEEK 

1958 - 1959 

Group,," 
., -

Teml!!!nture Cow Number ~ , 
'" ", n, «, ,« on .~ .~ ." F . "n.l!. = • 

~ " 101. 8 101. 4 101.& 101.3 101.4 101.4 > 
0 ., 

" 10Z.0 102.4 101.1 101.6 101. S 101.9 § " " 101.& 101. 5 101.6 101. 2 101.5 101 •• ., .. IDS •• 104.8 10S.3 10~. (I 102.6 103.3 ~ 

" " 101.4 100 .9 10t. 3 100 . 8 101.5 100.8 0 • ., .. 103.4 102 . 8 IU.1 103 . 9 102.1 101.8 > r 

" " 101 . 5 101. 2 101.3 101.0 101. 5 101.4 m • " " 101.6 101.6 101.11 UII.5 101. 5 101.8 • " " 101.6 10 1. 3 10 1. 2 101.3 101. 5 101 •• • 
" ~ 102 •• 102.2 102.0 102.5 101. 1 102.3 • " " " 101. 8 UU.2 101. 2 101.2 101.4 101.3 z 

" " 101. 8 102.2 102.2 103.9 101 .8 102.3 
; 
~ 

" " 101. 5 101 . 3 101. 5 101.3 101 . 2 101.4 
; 
> 

" " 101. II 101.9 1(11. 8 102. I 102 . 0 IOS . 8 g 
" " 10 1. G 101 . 4 101. 5 I(H.3 I OI.~ 101.3 , 
" " 103.7 104. 1 102.6 102.9 102.8 104.8 .. " 101.1 101 . 3 101.9 101.4 101.6 101.4 

" " 104.1 104.2 102.6 103.' 103 . 8 104.1 
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TABLE 8 -- ENVIRONMEl'.' SCHEDULE FOR TEMPERATURE 
HUMIDITY STUDIES, 1958 - 1959 

Chamber! Cha.mber n 
0.. of. R.II . GrOllp· of. R.I!. Group' 

10-20-58 to ll-{l2-58 .. "" • " ... , 
11-03-58 to 11_16_58 .. '"' A " '''' • 11 -17- 58 to 11-30-58 .. "" • " '''' A 

12-{11-S8 to 12-14-58 " 50-40%" A " '''' • U-lS-5S to 12-28-58 " .'" • " '''' A 
12-29-58 to 1-11-59 " .'" , 

" "" • 
1-12-59 to 1-25-59 ., 

'''' • " '''' A 
1-26-59 to 2-{1S-59 .. '''' 

, 
" '''' • 2-09-59 to 2-22-59 .. '''' • " '''' A 

2-23-59 to 3...{1S-59 " ' .. , 
" '"' • 3-09-59 to 3- 22-59 " ,'" • " '''' A 

3-23-59 to 4...{1S-59 " ' .. , 
" ' .. • 

4-{16-59 to 4-19-59 " "" 
, .. .'" • 4 -20- 59 to 5...{13-S9 " ' .. • .. .'" A 

5-41-59 to 5-17-59 " "" A .. ... • 
5-18-59 to 5-31-59 " "" • .. '''' A 
6-01-59 to 6-14-59 " "" A " "" • 6-15-59 to 6-28-59 " '''' • .. '''' A 

' Cows divtded Into ~ 01 st>< cows uchi;, A and B. 
" First wuk goo_SOoI.R. H. and 2nd WI,lek go -4O<loR. H. 

Stage of Lactatton and Group Designatt", (or Indivtdual Cows 

Stalre of LacW10ll 
D_ Group Early M" .... 

10-20-58 to 1-11-59 A (793) (523) (474) 1«- (484) (473) 

• (713) (S56) (807) (804) (499) (487) 
1-12-59 to 4-{15-59 A (820) (823) (793) (523) (474) (440) 

• (S14) (SI8) ('113) (8~) .'" (804) 

4 -06-59 to 6-28-59 A (855) (652) (82<1) (823) 0'"' (523) 

• (S49) I". (814) (818) ('113) (856) 



I-II55OU_1 AGll lCULTIillAL EXPU(WmNT STATION 

TABLE 9 - ENVIRONMENT SCIIEOULE FOR TEMPERATURE IIUMlDlTY STU DIES 

1959 - 1960 

Chamber [ Chamber II 
~. or. R. H. -.... or. R. H. Croup· 

10_26-$9 to 11...(18-59 " ... A " ... 8 
11...(19-$9 to 11-22-59 " ... • " ... A 
11_23_$9 to 12...(16...59 " ... A " ... 8 

12...(17_$9 to 12-20...59 " ... 8 " "', A 
1 2_21_~9to 1-03-60 " ... A " "" • 1...(14-6010 1-17-60 " ... 8 " ". A 

" 1_18-(j0 10 1-.n-60 " ". 8 " 
.,. A 

2-01-6010 2-1(-60 " '" A " 
.,. 8 

2-15-60 10 2-28-60 " ", • " ... A 

2-29-60 10 3 -13-60 .. '" A " ... 8 
3 _1 4-60 to 3 -27-60 .. '" 8 " ... A 
3-28-60 to f-l()-6() .. ' .. A " ... 8 

4 _11 -60 to 4-24-60 " ... 8 " ... A 
4 _25-60 to s-os-eo " ... A " ' .. 8 
5-09-60 to 5-22- 60 " ... • " ' .. A 

'C~ divideo!JIto (NU~ of.1>< eow. ueh: A and B. 
" Cl>anpd tem~rat"" of Ch.ambosr J :u>uary 22, ''''. 1 bose ...... experlrnellu.i room 

D boseame e ... trol 

St:Ip cll.actAtl ... and Group De.lpat1oa [o r IPdh1duai COWl 

SUn 0( I.l!;U.licc> 

". -~, Early MM ,~ 

10_26_$9 to 1 17-60 A (C-79t) (0-830) (U-450) (C-SIS) (C-842) (U-B5Z) 
8 (C-S23) (C-829) (0--429) (C-SBO) (U-SSS) (C-US) 

1_18-(jO 10 4_10-611 A (0-809) (U-"'> (C_7&4) (U-630) (U.-4!1O) (C-B U ) 
B' • "(U-841) (0-813) (C-St:l) (C- 829) (0-329) (C-B8O) 

4 - 11-60 10 7 -()3-60 A (0-473) (U-U<) (U-I09) (U .... , (C - 1&4) (U-<O. 
8 (0-318) (U-CO) (0- 841) (0-613) (C-623j (C-a2f) 
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TABLE 10 - HERD RATION _ M1LKlNG COWS 

8001 No.2 Yellow Com (3/ •• grind) 
3MI No.2 Oau (3/4" grind) 
3001 Wheat Bran 
3(101 Soybean Meal (44%) 
2501 Can<: Molasses F~d" 

301 Salt 
201 Il<me Meal 

20001 
Average Coml""' lUOIl per cwt . 

Cru'" 
Protein 

72.80 
36.00 
49.20 

137 . 10 
11.28 

306.38 
15.32 

m,. 
P-" 

M . OO 
28.20 
39. 00 

IU.OO 
4.28 

254.38 
12 . 72 

" 

ToW m,. 
Nutrienu 

640.00 
210.30 
200.70 
234 .00 
147.28 

1432.28 
71.61 

"The eane moL98ses reed ahall conla.in a minimum of 81)% ctJ>e moLasses with 1001, 
milo grain and 10% wOO .. 1 i<aIn . 

TD~ Estimates for Beet Pulp are 72.40% a.nd 53. S%for Hay (PelleU). 



TABLe 11 __ e FFECT OF TEMPERATURES ANIlIIUWDm ES BELOW 6SoF. ON W LK PRODUCTION. 
PE RCENT BtrI'TERFAT. SPECI FIC GRAVITY AND TOTAL rou os 

1961 - 1962 

Cow Numbe r 
WMU Temp. 

~ Averaged " , R.Il . .. .., ." '" '" U. A ... rage 

MILK PRODUCTION, LB/DAY 

Nov. 20-Dec . 10 • " " 34,1 39.8 36. 3 41.3 36 .0 49 . 0 39 . 4 
Dec . ll_Dec . M • " " 29.8 39.4 36 . 6 39.3 34.~ 49. I 38. I 
Dec. 25..Jan . 14 • " " 26 . 8 39.3 35 . 7 31.4 30.9 U . 2 36 . 6 
Jan. lS..Jan. 28 , 

" " 30. {} 37.3 33 . 2 31. 7 31. 9 41 .6 32.6 
Jan . 29-Feb . 18 • .. 00 19. 0 37.6 33 . 6 31 . 9 31.5 45. 4 33 . 2 

PERCENT BUTTERFAT. LIl/DAY' 

Nov . 2O_Dec . 10 • " " 3.2" 4.2" 3.4" 3.6" 4. 1" 4 .1" ••• Dec . 11-Dec. 24 , 
" " .. , ••• , .. , .. ... ••• • •• 

Dec . 25..JaD . 14'" • " " ... • •• , .. , .. ~ . 8 • •• • •• 
Jan. 15..Jan. 28 • " " ••• ••• , .. , .. ... • •• ... 
J." . 29-Fcb . 18 , .. " ••• • •• ". , .. , .. .., 

'" 
SPECIFIC GRAVITY'" 

/'lOY . 20 Dec . 10 , 
" " 1. 0332 " 1. 0328" 1. 0322 " 1.0339" 1. 033t " 1. na19" 1. na29 

Dec . 11-Deo . 24 , 
" " 1.0293 1. 0313 1.0308 1.0319 1. 0309 1. 0312 1. 0309 

Dec. 25-.1"" . 14'" , 
" " 1.0316 1.0320 1.0319 1.03213 1. 0316 l.{}324 l .na20 

J an . 15-Ja.o. 28 • " " 1.0305 1.0309 1.0311 1 . 032<1 1. 0314 1. 0308 l.O3 l1 
JM. 29-Peb. 18 , .. " 1.0307 1.0310 1.0313 1. 0321 1. 1>314 1.0307 1.0312 

TOTALSOUOS' 

/'l.". . 2O-Dec. 10 , 
" " 12,n" 13.83" 12.61" 13.40" 13.87" 13.48" 13.31 

Dec . ll-Dec . 2t • " " 13. 82 12.93 12.54 12.90 13.58 12.91 13 . 10 
Dec . 2S-Jon. 14'" , 

" " 13. 23 13. 13 12.79 12. 12 13. 12 13.03 13.00 
Jon . 15-Jan. 28 • " " 13.55 13.05 12. 90 12.90 13. 31 13. ( 8 13. 18 
Jon. 29_Feb. 18 , .. " 12. 9\1 13. I ~ 12.89 12. 68 12. 99 U. 32 13 . 00 

' Your rea<tinp per weel< (2 A .M . 2 P . M. ) 
" Awr """ or 0116 -.,1< (no data for n."t two weeks) 
"'Only two re odlnp for week of Jao. 1-1 

NOTE, Total. SolIds appear .. me .. u .... d by To,ylcr Lactomete r and Babcock Fat Te.t . 
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" M1SSOUl\I AGR.!CUlTtl~"'L Exnl\lMENT STATIO;-'" 

U" - 2!i°" '!i°"-!iO'" t!i"F - 2!i\ 

B""" TEMPERATURE ". ,,. 
" • ., 

,~ 

S~L 
r Kt,V -, 
HEAT INTOLtR ...... T 
~W C- fi2J --

" ' . :;; HEAT TOLERANT 

I I COW C- 629 ------

[ STI"''''TEO 

" 
'0 

<0 

> ' 0 < 
0 , 
• '0 • 

1 I LPOINT$ ......... ::l 

~_.__ _ _ _ ,:\ MILK PRODUCTION 

r '----1-' c-·'-( 
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