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LXVIII. AGE AND TEMPERATURE EFFEcrS O N TON, 
WATER CONSUMPTION A N D BALA.t~CE OF DAIRY 

CALVES AND HEIFERS EXP O SED TO ENVI RONMENTAl.. 
TEMPERATURES OF 35 T O 9SoF 

Limited infor mation Is available on homeothermic responses of 
dai ry calves and heife r s to higher environmental temperatures , 
particularly when animals are maintained at the higher tempera­
tures for approximately two weeks or more. This publication and 
others (Johnson IUld Ragsdale, 1960; Kamal ttJI.l., 1962; and Kibler, 
1962) descr ibe numerous Indices of environmental Influence on year­
ling heifers, Phase I, and on s mall calves, Phase II . 

The ~ l2!lUe of the Investigation Is a report on the r esponses 
of TON, water consumption. and body weight of two groups of heifers 
(one group raised at a 50° and the other at a 8<1' F environmental 
temperature-) when exposed to a series of constant temperature 
condlUons Increasing from 35 0 to 95° F . An objective of this phase 
of the experiment was to determine acclimation effec ts that may 
have oc<:urred from 12 months' growth at either 50" or 80" F. These 
aCClimation effects were obser ved by recording: TON and water Intake 
and other physical and physiological adjus tment of three breeds of 
dairy heifers 10 various constant temperature conditions. The du r ation 
of exposure to each condition r anged from 5 to 9 days. (See Table 2 
for sequence) . - -

An additional objectlve was to provide quantitative Information 
on heifers which were uncomplicated by effects of lactation o r any 
pronounced growth changes during the experimental period. 

This Investigation permitted the opportunity to collect considerable 
water intake and outputlnformatlol. on heifers at various temperatures. 
Reaean;:h by Ragsdale. !U...J!l.. (1950, 1951 .1963), and more recently by 
Harbin ~ aI., (1958), has demonstrated that among both lactating 
and non-lactating Holstei ns and J erseys. poaitlve correlations occur 
between environmental temperature and water consumption. Winchester 
and Morrls(1956) reported that from JO" to 40" F environmental 
temper ature. t he rate of water consumption per unit of dry matter 
remained fairly constant; the r eafter, with Increasing environmental 
temperature, II Increased at an accelerating rilte. For800 pound dairy 
heife r s (POOled data on several breeds). water Intake Increased from 
6.3 p11011S at 40" F to 15.0 gallons at 90" F . 

Bailey md Broster (1958), Inves tiga t ingdlliry heife r s, determined 
that wi thin a r ange of30" to90" f. water consumption in-
creased by pllons peroF rise In temperature and by 0.0142 

In live weight . 
compares responses of young cah'es (approx­
age) In TON and wilter consumption to exposures 

aimllar to those of Ph$se I. See Table I fo r sequence and duutlon of 

' Growth ,ludie. on thue ani mIl. were Inlt1 lted September 21. 1956. and concluded 
In September. 1957. EIChIH" cIlves (6 of .. ach brfled> r .. malned In the CUm.tlc 
L.boutory from .bout ono month to "PPro>Clm.r.ly on .. y .. ar of qe (JOhnlon 
01 II .• 1959). The experh .. ea\ nponedh .. rflbe&an on Sepr.lllber 16. 1951. wben the •• 
Clive. werfl appr."dmate)y me yen of qe. 
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exposure to each condi tion. Anotherobjectlve wns to obtain information 
useful in interpreting and providing Insight into concepts regariling 
sbe , age, and heat tolerance. 

EXPERIMEN TAL CONDIT IONS 

Lliht, air movement , air exchange , and management conditions of 
both Phase I and the preceding 500 and 800 F rearing conditions were 
practically Identlcal (Johnson and Ragsdale, 1958; Johnson ~. 

1951). From 35e to 80° F the humidity was approximately 65 percent , 
~nd at 90· and 95° F, It was approximately 50 percent. Feed con­
centrate per day was limited to 3,3 pounds for the Jerseys and 4.6 
pounds for the Holsteins and Brown ':;wiss. The following heifer r:ltlOIl 

WIIS fed during this phase, and alfllifa hay and wnter were available 
ad libitum, The following Is the rallon fed to heifers; 

Ground oats 
Wheo. ",lddHng. 
Lin .. eeI oil .... 01 
Soybeon oil ",..,1 
Colciu", ccrbonote 
O.fluorinated pho.pho'e 
Troc . ",ine",1 ""d KIll mix 
Vito",in 02 premix 

Vitomin A oil pre",i x 

Comple'e """ron,.eeI onolyoio: 

C....o. prolein 
Crude fal 
Crude fiber 
NH 

not Ie" Ihon 12.5"­
noll ... rhon 2,5"­
not __ rhon 12,0'% 
not I,,, rhon .50.0'% 

Pe~'nI 

" JO.S 
5 

11 
5 
5 
I 
U 

" 100,0% 

F eed and water consumption were meailul'ed per pen per day, 

At the Inception of this temperature series investigo.tlon, tM 
Holsteins raised at 50· F wel'e upproxlmulely 80 to 90 pounds heavier 
thlln those r aised at 80· F, and the500 FJerseys were about 20 pounds 
heavier than the 80' F Jerseys. The 800 F Brown Swiss , In contrast, 
were aplll'Qxlnwtely IS poundll henvler thon !.he 50" I' Brown SwisS, 

LIght and management conditions of the small calf study(2nd phase) 
were Similar to those of the Phlse I studies. The small calves 
wcre fed hay on an ~ following CalI Starter Ration 
wu fed IICcotding to ' approximately 3.4 pounds ot grain 
dally Cor eo.ch 100 weight. Table 1 gives actual pounds 
of grain, hay, and consumed by the growing calves at the var-
Ious temperatures. SkIm milk was given to the calves at both A.M. 
Md P,M. feedings and water was available ad Hbltum, 

The small calf starter ration compas1tion was as follows: 
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300 lb . Grou~d (Of" (No. 2) 
JOO Ib, Ground 001> 
100 lb. Wheal Bron 

.50 lb . Or. Allollo (choice I""fy gr ... n) 
1.50 lb. Soybean Meel (,"'!II. ) 
27 1/2 lb. SoI...,I. arood Flour 
50 lb . Dried feedir>p S~I", Mi lk 
10 lb . 5tectned aor.. Meol 
10 lb. Soh 

21/2 lb. Reinl ... ced Cod Liv .. Oil 

1000 lb. 

Alfalla hay was available lid IIbitwn. 

c_ 
""-t.i n 

25.80 
"'.00 
16.90 
8.0S 

68.10 
2l.29 
17.35 .. " 

196.95 
19.70 

RESULTS 

Dig. .... 
t"in 

19,8:1 

"." 13.70 
5.90 

57.15 

n. '" 15.60 
1.01 

163.72 
16.37 

Total 
Dl; . 
Nutrie"" 

Z.co . 30 
210.30 
61.20 " ... 

118.35 
23.07 

"'." 1.01 

727,38 
71.13 

~~:.~~~r;':!b::,:~:~'::,,~::~:; ,:.::i; . bl". 2, 3, and 4. 
Regardless of the temperature level at whlch the animal!! were 

ra ised, TON eonsumpUon of each of the breeds declined similarly 
as the temperMure Increased. The effect of rising enVironmental 
temperature on T ON consumption was slgnlClcant at the 0.01 level 
(Table S). Among the animals raised ut 50" , Figure 1 indicates that 
below 90" F, the Holsteins displayed the hlghest level of TDN con­
sumption, the Brown SWiss showed Intermediate consumplton, IiIld 
the Jer seys had the lowest. At 9S"F the Holsteins deClined to a 
level Similar to that of the Brown Swiss. The SO" F reared Jer!leys 
showed the greptest total decline from 35" to 9S" I' . Among the 
heifers raised at 80'" F the Holsteins consumed the greatest quan­
tities of TON th:roughout the temperature series. They were foUowed 
by the Brown Swiss II.nd Jerseys , respectively. Breed difference!! 
were statistically significant at the 0.01 Jevel of probabillty. Fig. I 
shows that the declines ::tl SO" and 80" F are very closcly paralled. 

From 50' to 95° F water consumption Increased sharply and was 
significant at the 0.01 level. Among the 50" F reared heifers, the 
Jerseys increased their water consumption (gallons per calf per day) 
to the greatest extent, from 5 to 16 gallons, the Holsteins Increased 
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their wate r consumption from approximately 6 to 18 gallons; and the 
Brown SWl88 consumption rose from approxlmate!.y 7 to 20 gallons. 
The Inc reases of the S(f'F r eared Holsteins, Br own SWiss , and Jerseys, 
respectively. were 7, 12, snd 3 gallons per heifer per day. The 
greatest quantity of water drunk by the 50" F reared heilers was tbat 
of the BI'1)wn Swiss, followed by that of the Hoisteins and the Jerseys 
In that order. 

With respect to heifers raised at SOQ }', the Bl'own Swiss consumed 
the most water, the Holsteins an intermediatc amount, and the Jeneys 
consumed the Icut. Breed differences in response to r iSing en­
\'ironmenta] were stallstlcally significant Ilt the 0.01 
level of 

Fig. 1 also depicts the average rectal 
(raised at each temperature) va. rising 

temperature. For more Informatlon see Kibler (1962). 
The rectal temperatures of both groups Increased at about 70" F 
environmental temperature and weN! IIlgnlfieanUy ( < 01) affected by 
rISing temperature. Among the 50" F reared heifers, the Holsteins 
showed the greatest rIse in rectal temperature, i.e . , 2.6- F as the 
environmental temperature progressed from 35~ to 95° F, They were 
followed by the Brown Swiss with a rise of I. 7· F and the Jerseys 
with !lII increase of 1.5°, The Increases of the 80" t ' reared lIeifers 
were SimIlar. They were 2.7 0

, 1.1 · , alld 2.S- , for the Holsteins, 
Brown SWiss, and Jerseys, respectlvely. 

It was of Interest to observe that while the 50" F reared Hol­
slelns and Brown Swlss appeared to be affected more by the high 
temper atures than the corresponding 80· F reared anImals , rectal 
temperature of the SO· F reared J erseys rose less than that of the 
80" F reared Jerseys. the excessive water consumption of 
the I allowed greater regulation of rectal 

these effects due to temperature 
not significantly dIfferent . 

;~~,:~~~::::~~,~,::slng ev-temperatures may 1. The 
F reared Jerseys, whlch reduced their TDN (Fig.!) 

by the greatest amount , consumed slightly less TON the 50· F 
reared Jerl'leys throughout the range of temperatures. The 80° F 

:~~:'e~o:;~a:~h~~~~~~ FI~~~r~~I~otl~~~I::a:h~ t~~ t:~~~~~~~ 
was raised to 95· F, The 80· F reared Brown Swiss, on the other 
hand, consumed more th~n the 50·}' reared Brown Swiss up to 80· F. 
Thereafter, the 50· F reared Brown Swiss conS\lmed more. Generally, 
as shown by the all - breed averages. acclimation temperatu re had 
little effect on TON r esponses to increasing temperature: the ap­
parently greater TON consumption of the 50· F reared heifeu nbove 
that of 80· F reared heifers was not Significant. 
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There are some apparent acclimation diffe r ences in water con­
sumption. The "all- breed* average showed a higher value for the 
50° F reared antmals than for those reared at 80 OF . This difference 
may be largely due to the Influence of the greater average con-

of the 500 F than of the 80" F reared Jerseys. In 
an unusual ability to drink water. 

"J- 633& , 
ago, 

et aI. , 1950) , displayed unusual behavior. Fig-
showSJ-633 to have an appr oximately greater water 

io''')'' than other Jerseys under the same condi tions throughout 
the temperature series (Table 6). Furthermore, on exposur e to 
higher temperatures (above 80~ F), J-633 increased her water intake 
more sharply than did the other two Jerseys . Tables 6 and 7 show 
individual values for all breeds at the various temperatures. 

Urinary volumes tended to parallel water consumption in J-633. 
Again the urinary value differed markedJyfrom that of othe r heifers at 
temperatures above SO" F. These differences In values may possibly 
be due to lesser amounts of antl - diuretic hormone (ADH) in the blood 
of J - 633. Data by Kamal et al . (1959) showed ADH to Inhibit urine 
flow and water intake following injection. The specific gravity 
of the urine was considerably less for J-633 than for the other heifers 
though all heifers showed deCline with rising enVironmental tempera­
ture. 

Ratios of water intake to urine output for J-633 were S; 1 and 
3.3;1 at 500 and 90" F , respectively, whereas similar values for 
J-636 were 3.3 and i...ll.. These values re-emphasize the greater 
desire of J-633 to drink at the cooler temperature; however, the urine 
volumes seem rather low for J-633 at the lower temperatures. The 
increase in the urine volume at 70° F which precedes the Increase in 
water Intake at 800 F for J-633 suggests a possible temperature 
depression of the anti-diurectic hormone. 

Aver age rectal temperature s at SOoF and above for J - 633 were 
101.80 F, compared to other Jersey animals which aver aged 102.5° 1-'. 
which suggested the poss ibility of greater he at tolerance due to 
the greater rate of urination by J -633 (For individual rectal tem­
peratures see Kibler, 1962) 
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Estimation of Water Balance nt Various Environmental Tem­
peratures . Since little information is available regarding water balance 
of non- lactating cnttle under controlled environmental condi tions, 
it was considered desirable to accumulate all available dutu aLI t hese 
animals for an estimntion of water balance. All sources of water 
intake and output were mensured except feces - water. These values 
were obtained by difference and also based on the assumption that 
the animal was In water balance. Data are shown in Table 9. 

Feed-water, eStimated from dry matter values of feed, declined 
with rising enVironmental temperatures due to lowered feed intakes. 
Water consumption increased dramatically as shown earlier. Met­
abolic water decreased at higher temperature s due to declining levels 
of oxygen consumption (Kibler, 1962). Thus total intake values 
approximlltely doubled for all bl'eeds from 35" t0956 F. Total vapori­
zation (respi l'ntol'y and surface ) as meusured by the tent method 
(Yeck, 1960) increased with rising temperatures as did the urine 
volumes. (24-hou r urine volumes were obtained by external catheters 
fastened to the animnis.) 

Based on indirect estimatlons~ the feceS-H
2
0 .IS~ for ex~ple, 

approximately 80 percent of tot~l mt:.lke for JJI"OWIl ~WISS at 35° I and 
only approximately 40 percent ut 950 1'. Vulues an~ Similar fOT other 
breeds at these temperlltu res. The increased water content of feces at 
the higher environmental temperatures is in general agreement with 
d~ta of Rhoud (l940) . These data are generally in ;lgreement with those 
of Schmidt-Nielsen (1962) :.nd suggest thut the cow incks conservation 
of either ul'ine-H20 or feces-H20, which is de si I'ablc [or hot ar id 
zones. 

FEE D AND WATER CONSUMPTION PE R UN IT BOD Y W EIGHT 
Water Consumption; The Jerseys , which are relatively light in 

body weight and high in proportion o[ surface area to body weight , 
theoretically, should be the more heal tolerant animals. Yet when 
they have been acclimated to the envh'onmentaltemperaturc of 5CP F, 
they have consumed much more water per uni t body weight than the 
other two breeds with risine: evnironmental temperature (Fig. 3). 
Again . us shown previously in Fig. 2, the unusual J-633 h;ls grently 
influenced t he interpretation of this 50" F reared Jersey rntio. The 
values (gal/lb body weight) of the Holsteins were of intermediate 
m agnitude , and t hose of the Brown Swiss were the lowest. At each 
tempe rature of the rising series, the water to body weight ratios 
of the Brown Swiss heifers rnlsed at 50° F were h!gher than the 
ratios of the corresponding heifers raised at 80° F. The Holsteins 
raised at 80"F displayed higher ratios than those of the Brown Swiss 
and Jerseys after the environmental temperature of 7rf F had been 
reached. The m;lgnitude of these ratios was principally influenced by 
the r elatively low body we ights of the 80" F reared Holsteins. 

At 80" F, the Holstein ratio was highest, the Jersey one was 
intermediate, and that of the Brown Swiss was the lowest. The Brown 
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Swiss appeared to be most capable of acclimation, if a low ratio 
of water consumption to body weight can be regarded as a reflection 
of heat tolerance . 

Without exception, the amount (lbs) of TON 
body weight decreased as environmental 

temperature animals raised at 50" F showed continuous 
declines. with the greatest drop occurring between 80" F. and 9f1' F . 
but the 80" F reared animals, I.e. , Holstein and Brown Swiss, ex­
hibited a plateau between 50" and 70" F, with their greatest declines 
also occurring between 80" and 90" F. At both temperatures the 
Holsteins displayed the highest ratiOS; they were followed by the 
Jerseys and Brown Swiss, In that order, until the environmental 
temperature exceeded 70" F, after which the Brown Swiss and Jerseys 
reversed thel r positions. 

Apparently, the relatively greater drop in the Holstein and Jersey 
ratios as compared to that of the Brown Swiss was caused by the 
similar decrease in the Holste in and Jersey TON consumption; while 
the Jerseys and Holsteins decreased their TON fairly rapidly, the 
Brown Swiss decreased their!' somewhat more slowly, That is, the 
Brown Swiss at both temperatures reduc.,d their TON consumption 
per unit weight at a lesser rate than did the Jerseys or Ho!stei:ts. 
Although absolute differences were very small, the 80" F reared 
Holsteins and Jerseys s howed sllghtly higher ratios than the 5f! F 
reared animals, whereas, the 50" F reared Brown Swiss showed slightly 
higher ratiOS than their 80" F reared counterparts. 

Hatio, Water Consumption (lus) to TDN Consumption (Ills) 

Figure 4 indicates that as the env ironmental temperature rose there 
was a marked increase in water consumption per unit TO~ consumption. 
The elevation of the ratio began at about 71'1' F but showed its greatest 
increase from 80" to 9f! F. Among the heifers aCclimated at ~O" F 
the pounds of water per pound TDN consumed rose for Holstein animals 
from 4.8 at 50· F to 22.0 at 95° F. For the same temperature in­
terval , the Brown Swiss ratio rose from 5.1 to 18.3 and the Jerseys 
climbed from 5.7 to 34 .2 pounds water per pound TDN . The 80" F 
reared ammals displayed ratios of the same relative magnitudes 
until the enVironmental temperature exceeded 80" F, after which 
the Holstein, Jersey, and Brown Swiss ratios were high to low In 
order of magnitude. Water consumption per unit TON increased to 
14.4, 8.5, and 12.9 pounds for the 80Q F~reared Holstein~, Brown 
Swiss, and Jerseys, respectively. 

Again the Brown Swiss (both 50 reared and 80 F reared heifers) 
showed the lowest ratios of pounds of water/lb of feed at higher en­
vironmental temperatures (above 80° F). When considering only 
80" F reared heifers at 90· and 95" F, the Holstein showed the 
highest ratios, Jerseys next, and Brown Swiss the lowest values. 
Water consumption expressed as a ratio to feed intake is a useful 
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."m""I~I,OgICallY contribute to the expression of degree 

' ,,:;:;~:: raised at ::I!r 
.~ walel' consumption 

as 5) . AS the environ-
mental temperuture Increased from to F, the difference be-
tween day and night water consumption decreased from a factor 
of approximately five to a factor of about two. Day water consumption 
was In\'arlably greater tbnn night consumption. The sharpest rises, 
day and night , occurred a t a temperature above 70" F. P robably the 
most Significant contribution bere IS thai day consumption in all 
breeds Increased only two to three times; wberea!! night oonsumptlon 
ros&!!lx to seven times from 350 to 9$· F. 

Heifers raised at SO" F exhibited greater percentage Increases 
both day and night than the 80" F heHers. In descending order of 
magnitude . the duy and night consumption WKII Holstein, Brown 
SWiss, then Jersey. This Increase in night Crequency and volume 
a t higher temperature reflected the apparent nece!!sity of the heifers 
to d rink more at night to allay the distressing environmental tem­
perature. 
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The monthly averages ~~~~~::~~~~~~~~"The number of drinks 
'"~';"' .. from dally were on a semi- logarithmiC 
,- and ar e presented tn Figure The 50" F reared and 81}' F 
reared Holsteins , Brown Swiss, and aU went from high to 
low, in the frequency of day drinking from sri' through 90" F. At 
night, however, the heifers accli mated at 5()O F displayed an order of 
drinking frequency which differed from that oCthe 80~ F reared heUers. 
Among the heifers raised at 50" F , the Holsteins drank most fre­
quently; the Brown Swiss had the lowest frequency above 70· F . 
Below 70· F the positions of the Brown Sy,1ss and the Jerseys Vlere 
reversed. Among the 80· F reared heUers, the Holsteins again dis­
played the highest fr eqnency, but the Jerseys followcd In order of 
magnitude uniil an environmental temperatur e of 80~ f was reached 
after which their frequency was exceecled by that of the Brown Swiss. 

Day frequency was invariably highet' than night frequency Cor aU 
breeds regardless of acclimation temperature , Interesting, however, 
the rate of increase In night frequency after the environmental tem­
perature rose to 70· F was greater for the 50"' F reared heifers 
(With the exception of the Holsteins) Ulan for the 80" F heifers. As the 
environmental tempero.ture rose, the similarity between day and 
night freque ncv Increased, 

The frequency of drinks , both night and day, Increased with rises 
In environmental temperature for all three breeds in each accli mation 
group. The most Impressive daytime Increases occurI"cd aoove 7r1' F, 
and the 80" F reared Holsteins und Brovm Swiss heifers showed a 
slightly steeper rise than the corresponding 50" Vheiff'r~_ WIth respect 
to the frequency of nIght drinking, sharp rilles bel'."lUI at 70°[' for the 
50° F reared he lfel's and at 50° F fo t' the heifers reared at 80° F. 
Between 70 0 and 9SoF, the 50 ° .. reared heifers increased their 
frequency two to three·rold, and between 50~ and 95°F, the 80~F 
reared heifers increased theirs Similarly, 

Figures 6 and 7 provide a comparison of small calves to 
the same breeds at similar ambient temperature. (Tabular 

are in Tables 10 IUld 11) . Water consumptlon of BI"OWn Swiss 
small calves was generally lower than that of the other breeds at 
both ages. 

TDN consumption patterns at the various temperatur es were similar 
for both age groups. Holstein calves had the highest TDN consumption/ 
unit weight and Brown Swiss the lowest. Rectal tempel'atu i'cs (Table 4) 
of the two age groups also showed the same breed relations. For 
example, the Holsteins at two month!! and one year displayed. higher 
body temperatures and higher TON Intakes per unit body weight, 
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An important observation is that, regardless of body Size (age). at 
higher ambient temperatures the Holstein calves tend to have a higher 
body temperature and TON intake, relatively speaking. than the other 
breeds. Figure 7 shows the same data but is plotted so an age com­
parison is graphically clear. 

For water consumption and feed intake/unit weight and rectal 
temperatures. the calves displayed higher values at all temperatures. 

The relative rate of Increase in these measurements with rising 
temperatures is sim!1ar for both age groups. 

These data emphasize the need to consider the age when making 
comparisons of heat tolerance . For example, Is a HolsteLn calf more 
heat intolerant than a Holstein heifer at 90 0 F? They show about the 

same rel ative increases with rising temperal.ure , which suggests the 
heat tolerance is Similar. but we do not know that the small calves can 
tolerate a 1 1/20 F higher rectal temperature safely (See Fig. 7 and 
Table 4). 

Tables 12 and provide 
response F reared 

and the 80" F reared in 
water consumption/unit body weight in tempenture range of 3S" I' 
are presented. These changes are also expressed per OF rise in 
environmental temperature. The same presentations are made for the 
environmental temperature range of 70~90" F. In Table 13 the differ­
ences of water intake per 0 F chan!i!e in rectaL temperature are shown 
for each group of animals at the 35~7C1" F and 70~90" F environmental 
temperature ranges. Increase in water intake/body weight was greater 
in calves at the temperature range of35~7o" F than in heifers. 

Generally speaking, between 7C1' and 90" F small calves Increased 
water consumption at a greater rate with respect to Increasing en­
vironmental temperature or body temperature than animalS raised at 
50° or 80" F. 

The small calves usually increased water consumption more per 
unit weight than the heifers. (Water consumption corrected for growth 
and milk intake.) 

Changes In rec tal temperature at the 70~· 9;;<' F range was e:reater 
in calves than in heifers. Also, the changes in H20 Intake/ F rise 
in rectal temperature were higher for small calves, with the excep­
t ion of 50- F reared Jersey and Brown Swiss. 

The small calves did not decrease their TON intake per 0 F rise in 
rectal or environmental temperature as much as heifers at the tem­
perature range of 70_950 F. 

Ability to eat at the higher environmental temperatures was about 
the same for 50 F reared and 80°F rellred heifers: however, the rate 
of decrease in TON was slightly higher for the 50" F reared heifers 
(Table 12). 
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D ISCUSSION 

These data a r e in ngreemel1t with work reported earlier by Rags­
dale ~:g. (1951) on responses of lactating Brown Swiss and dry Brah­
man cattle. They concluded "the decline In water consumption with 
rising temperature in the milking Brown Swiss was cllused by their 
decline In milk production; and if these Brown Swiss had been dry 
they would probably not have declined In water consumption with rising 
temperature." 

In this study. above 80" F the water consumptlono[ the 50" F reared 
heifers increased at a greater rate than that of the 800 F reared 
Br own Swiss and Hol steins, uSing greater water Intake as a reflection 
of heat stress. The 50· F reared Jersey values were so !ltrongiy 
Influenced by J-633, a heifer with an unusual (perhaps Inhe r ited) 
capacity to drink larger quantities of water at all conditions, that 
this Interpret ation would not apply . 

A relatively low TON consumption per unit weigh! (Fig. 3) at 
temperatures below 80" F) may suggest the desirability of a cel1.ain 
breed for hot Climates. A greater TON intake/unit body weight (or 
a less relative deCline above 800 F) is a deSirable expression of 
heat toler ance for animals of agricultural importance. The Brown 
SWiss did wen in this rell:ard. 

}'igure 4, showing the ratio of wate)' to TDN consumption vs" 
temperature, expresses the rising trend with I'ising temperature- ­
similar to d:ita presented earlier by Ragsdale ot al . (1951) and 
Winchester (195£) on European and Indian cattle. It is of particu­
lar Importance to observe that , above 70"1', the Browll Swiss heifers 
require less waler per pound of feed than either the Jerseys or 
Holsteins. 

It seems the relative rate of change of the ratiO of water intake 
to feed intake above 80' F may give a fairly clear pictur e of nn 
animal's state of stress. For example, one may observe in the 80" r­
reared heifers the greater rate of increase In water intake for the 
Holstein (rel::ttlvely more stressed) than for the Brown SwiSS or 
Jersey. This would, In all probability, occur in the 50" F- reared 
heifers if J - 633 values were not included. With rising environmental 
temperatures the 50' F real"ed heifers increased their night water 
consumptton tenfold while the 80" F l"eared heifers Increased at le"st 
threefold compared to only an unimpressive increase of day con­
sumption. Does this suggest th~t some he:.t stress factor over­
comes the diurnal rhythm at higher temperatures or, more probably, 
that the cattle are forced to work (drink) at a nearly constant rate 
for 24 hours adaytopreventseriousdehydration? This is an important 
reaction and should be observed closely in future diurnal rhythm 
studies. 

The age comparisons of small calves and heifers provide needed 
information for development of concepts regarding heat tolerance, 
age, ;md size relationships. 
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SUMMARY 

Data are presented to show the effects of one year 's acClimation 
to two fixed environmentjll temperatures (one group raised at 50 
and the other at 80" F) on the responses of yearling Brown SWiss, 
Holstein, and Jersey heifers when they are exposed to environmental 
temperatures ranging from 35" to ~5" F. Regardle ss of temperature 
level at which they were raised, or the breed, TDN consumption 
showed a significant decline as the temperature was increased and 
water consumption showed a significant increase as the temperatur e 
Increased. Breed differences were signuicant at the 0,01 level of 
probability in respec t to both TON and wate r consumption. The 
rectal temperatures of both groups began rising at 70" F environmental 
temperature und were significantly « .01) affected by rising tempera­
ture. Acclimation temperature had little effect on TDN .and water re­
sponses to inc reusing temperature. Water consumption vs. unit body 
weight increased with increl,sed environment with all heifers regard­
less of breed and to a greater extent with the 50" F. acclimated group. 
Without uxccption. the amount of TUN con.sumed per unit/lb of body 
weight lieCl'eased as env i !"Onmental temperatures inc,·castld. The Brown 
~wiss at both willpurntures reduced their TDN consumption per unit 
weight at a les~er rate lhan did the Jerseys or Holsteins, 1"01' both 
groups. :',; environmcnLal temptlnlLure rose there was a marked 
increase in watel' consumption requircd per unit of TON cOl1~umptiOl1. 
Oay water consumption in all LJreeds increased two LO thl"ec[old. 
Night consumption ,'ose Six to sevcn times f!"Om 35°1095° F with 
the illcre"se grt:aler for heift:I·s I"e,lred :115Uo F thall [or those reared 
at 80 F. 

The frequency of drinkS incre~sed with each rise in environmental 
temper:ltur e for all three breeds in each acclimation condition, with 
day fl'equency invariably higher than night frequency , 

Small calves subjected to a similar pattcrn of temperature change 
had higher values at all tempe ratures than the 50" and 800 F reared 
heifers. The TON and water consumption and the rectal temper:ltures 
of the calves followed a pattern similar to that of the heifers and had 
the same breed relations, and Similar rates of increase. 

Numerous suggestions lhro\!ghout the bulletin refer to possible 
acClimations of the anImal raised at either 50° or 80" F. From 
an over -:lll view the :lbility acquired from growth at 500 or 800 F 
to tolerate either a relativly low or high (3S" or ~S" F) air temperature 
was not markedly different , However, this Is not to say that the 50" 
or 800 F constant environmental temperature did not induce various 
physiological adjustments and growth responses in these growing 
animals (Johnson and Ragsdale, 1959), especially since Kamal eLlL, 
(1962) demons trated some acclimation in various blood constituents. 
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TASLE I - COMPI.ETE RATION (GRAIN, MilK, ALFALFA HAV) FOR SMAlL DAIRY CALVES 
(A¥e,ogtI Va lue lor Each Temperoture Condirion) 

aROWN SWISS HOLSTUN JERSEY 

., . CoY' a t G<oin ~ Milk Groin H,,, Milk Groin Ho~ MiI~ 
each TeMp. Av./lG •. /col/7doy Av.711; •. 70117doy A¥ ./lb.:""coIf7doy 

" • .88 1.>9 13.33 '-09 2. " 14.0 ." '-56 10.0 
5<> • . 96 2.13 13.33 1.19 2.3 • 14.0 .69 1. 8~ 10.0 
W 5 1.17 2.20 12.73 I. 33 2. " 1~.0 .83 I. " 10.0 

" 7 L5<> "'5 12.88 1.67 2." I~.O l. 1 7 2.03 10.0 ., 7 L5<> J.56 13.33 1.67 3.17 I~.O l.17 2. " 10.0 
90 7 2.52 3.02 13.33 2. 53 2. 21 I~.O !.8S '- " 10.0 
5<> 9 2.78 J. " 13 . 78 V. 3. 16 14.0 2.04 2.36 12. 1 

" • • • " ~ 
~ e 

• ~ 
" ~ 
~ 
~ 

" ~ 



lAUE Z - TON CONSUMPTION AND BODY WEIGHT Of BROWN SWISS, HOLSTEIN AND JERSEY HEIFUS REARED AT 
CONSTANT ENVIRONMENTAL TEMPERATURES OF SOoF AND 8O"F AT RISING ENVIRONMENTAL TEMPERATURES, 

"'" "'F 
' F 
lft"",,_ Brown Swiss Hohl"in J~ rsey B,own 5win Ho htein Je .... y 

TON Conwmption (ibs/heifer/doy) 

" 10.95 13,13 7.74 11. 043 12. 44 7.87 

'" 10.15 12.42 7.42 10. 18 11.29 7. 11 

'" ,." 11 . • 9 6.n 9.81 11.53 6. 38 ., 10. 19 11.29 6." 9.57 11 • 13 5,71 ., 
7. " 7.83 4. I 7 7." 7.17 ' .0-

" 8.13 7.27 3.97 7." 8.18 3.67 

Body Weight (lb.) 

" 819.2 871.9 537.9 839,5 814.2 5-46.3 

" 8«l.B 895.7 555.1 "'., 8<10.6 "'.6 

'" 857.6 91.,2 "'.7 875.2 "'., "'.3 ., 983.6 935.0 573.6 889.1 8iU.4 "'.3 ., 895,5 936.3 "'.3 895.5 867.7 ,., .. 
" 903,3 934.6 573.7 894.7 879.7 sn.J 

" • 

" • 
~ 
0 ,. 
> 
~ , 
0 
0 -0 , 
• 
m 

i , 
3 • 
" -w -• -0 

" 
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TAllE 3 - WATER CONSUMPTION OF BROWN SWISS, HOLSTEIN, ANO 
JUSEY HEIFERS AT RISING ENVIRONMENTAL TEMPERA TUl\ES OF 35' F II> 9S' f. 

SO· f litif ... 80" F H.if ... 

TEMP. 'F (GaI .jH.if.r/Ooy) (Gal./Heif.r/Ooy) 

UOWN SWISS HOLSTEIN JERSEY aROWN SWISS HOLSTEIN JERSEY 

" 6.' 6.3 5.03 6 . 16 6. 1 S 4.81 

" 
,. , 6.2 S .12 6.S3 ,." 4.49 

" 
.., ", , . ., 8.81 7.25 5.67 .. 10.9 , .. 9.23 11. 75 8.42 6." 

" 17.5 U.6 16.02 17. 1 3 11. 98 8.12 

" 19.2 1 7.8 16.3 18.8 13. 1 , .. 
· ""llon'" 8.337. lb.. 

TAlLE 4 - RECTAL ltMPERATURE OF Of DAIRY HEIFERS AT RISING ENVIRONMENTAL 
rEMI'fRATURES· 

(He if ... I Y,or of Age) 

SO"f. Reored eoof . Reored 

"F . aROWN SWISS HOLSTEIN JERSEY 8ROWN SWISS HOlSTflN JERSEY 

35 101 .6 101.6 101. 4 101.5 101 . ( 101 .3 

" 101 .5 101.5 101.3 101.5 101 . ( 101. ( 

" 101 .7 101 • 7 101.5 101.5 101.6 101.5 .. 101 .7 102. 1 101 • .( 101 • 7 102. I 101.8 

" 103 •• 103.8 102.5 102.8 10 •. 0 103.6 

" 103.3 10(.2 102.9 103.2 10 •. 1 103.8 

$"",11 Ooiry Calve, 2 Month. of Ag. 

"F. BROWN SWISS HOLSTEIN JERSEY 

35 102.7 102.6 102.8 

" 102.9 102.6 102.7 .. 103.0 102.6 102.6 

" 102.7 102.5 102.3 

" 103. 0 103.' 102. I 

" 10 • . 6 105.5 10(.0 

· (Kibler, H. H., 1962) 



TABLE $ - TESTS OF VARIANCE ANALYSIS FOR ALL DATA AT SOo TO 9$° F 

TON Conwmpl ion of th .. Thr .... 8r .... d. (Brown Swiss. Holstein, Je ..... y) 

Sum of 
Voriotion d. f. Squores Vori,mce F p 

Betwun breeds , 1733.4174 866.7087 334.610$ .01 
Within br .... d. '" 11$7.8209 2.$902 

Total '" 2891.2383 

TON Con.umption of the 5O"F one 8O°F-Accl1moted Heile .. 

Sum 01 
Variation d . I. 5<,uor ... Variance F p 

Between chamberS 8.0()')J 8.0003 1.2430 o. 
Within chombe.. 448 2883.2899 6.43$9 

Tatol 449 2891.2092 

TON Consumption at Rising Environmental T .. mperatures 

Sum of 
Va riation d . f. Squares Varianc .. F p 

Between temperatures , 817. 4023 204. 350$ 43.8400 .01 
Within t .. mperolur ... ,.os 2073. 8879 4.6604 

Talal '" 2891. 2902 

Wa ter Con.umptian of th .. Three 8r .. ed. (Brown Swi .. , Hal.tein, Je ..... y) 

Sum of 
Variation d. f. Squo",. Variance F p 

Setween breed. , 538.0011 269.0000 18.0167 .01 
Within b",ed. .... 6619.2014 14.9300 

Total "" 7167. 2024 

Water Con'umption of the sooF and 80°F-Acclimated HeiferS 

Sum of 
Variat ion d. f. Squares Variance F p 

Between chambers 231.8001 231.8001 14 . 8731 .01 
Within chambe.. 445 6935.4023 15.5851 

Tolol 446 9246.2024 

Water Can.umptian at Ri.ing Erwil'Oflm .. "'al Temperature. 

Sum of 
Variation d. f. Square. Variance F p 

B .. tw .. en temperoture, 5 4187.8400 837.4000 123.9754 .01 
Within temperature. '" 2979.3624 6.7559 
T_._, ... ~=~ ")(l? 



TABLE 6 - BREED AND Tl:MPERATURE COMPARISON OF WATER EXCHANGES Of 
5()"F REARED ANIMALS WITH SPECIAL REfERENCE TO JERSEY 633 

Temp. OF 

" '" '" 
., 90 95 105· u 

DOh! 1957 - 58 

11/5 11/19 ''''3 14117 '2/3' 1/16 ",,, 

Calf No . Waler Inloke, lilen/day· 

J - 633 54.09 49.92 52.72 " .99 101.81 129.53 

)-635 8.64 18 . 18 16.59 21 .82 20." 19.99 

)-636 ,.,3 16.82 15. 23 15 .91 14.99 19.99 

H - 8.t5 17.27 22.5() 31.36 31 • 82 34.54 37.27 

H - 847 15 .91 22.27 24.77 28.18 29." 30.00 , ... 59.09 35.91 74.99 72.27 89.50 

B.S. - 17 12. 27 "'.00 24.09 33.63 "." 59.54 

B.S. - 18 8.64 21.36 24.09 28.18 <37.72 52.27 

B.S. - 23 «.09 43.18 36.36 "." 42.72 

Urine Volume, lilen/doy 

) - 633 4.92 6 . 42 30.34 36. 19 29.88 58.95 3.05 

)-635 3.32 7.72 7.72 7.04 5.96 ,. " .80 
)-636 0.99 4.57 '.06 3.91 3.10 7.69 1.04 

H - 8.t5 4.59 8.64 8.63 8.39 33.94 24. 43 2.35 

H - 847 3." 6.n 6.07 6.34 14.77 14.63 7.34 

H - 8-4S 4.22 '.88 9.33 31.57 20.01 41.65 US 
B. S. _ 17 2.61 6.98 6.82 7.97 19.84 33.05 ,." 
B.S. - 18 4.19 5.75 ,." 6.91 15.72 21.99 2.16 

B.S . - 23 4.64 10.29 11 . 21 10.57 24. 51 13.10 

(j,-ine, Specific Grovity ·· 

J - 633 1.0254 1.0257 1.0037 1.0048 1. 00-40 1.0023 1.0012 

J. '" 1.0-403 1.0342 1.0360 1.0322 1.0265 1.0173 1 .025() 

J. '" 1.0512 1.0427 1.0-405 1.0449 1 .0249 1.0219 1.0102 
H-845 1.0395 1.0391 1.0370 1.0298 1.0004 1.0138 1.0057 
H - 847 1.0418 1.04% 1.0477 1.0387 1.0093 1.0160 1.0033 
H-848 1.0«4 1.0447 1.0433 1.0076 1.0040 1.0050 1.0229 

B.S. -17 1.0441 1.0419 1.0467 1.0416 1.0079 1.0110 1.0093 
8.S. - 18 1.0404 1.0439 0.0390 1.0389 1.0121 1.0148 1.0090 
B.S. -23 1.0380 1.0:342 t .0303 1.0321 1.0142 1.0235 

• Pound. cOtlverted la liter> by mulliplyingll ..... 0.4545 
•• Corrected 10 IS · C . 

••• 4 hourS collection of urine aIIOS"F; animal. looted 46 hour< and tempe rature • 
were roioed from 65°f 10 105°f at 10 a.m. 



TAUE 7 - UfEO AN O TEMPE RATURE COMPARISO N OF WATER 
EXCHANGES O F HflFERS RAISeO AT ao"F. 

T."'P. " 

" '" '" eo " " 105' " 
,----- -----_.-

OOIe 1957 - SS 

11/12 11/27 , "", 12/23 V' 1/22 ,,,. 
------

Coif No. Wot •• Conwmp.ion, Ut.ro/day· 

J - 631 2.5.91 22.27 2.(.09 ... " 23.1 8 

J - 63.( 21.36 16.82 15.00 IS.63 20.91 " .23 
J - 637 U. 5.( ".00 ".00 10 • .(5 15.68 17.27 

H - 8046 "." 19.09 ".n 28. IS lB." 33." 
H- U9 24.09 30 .00 27.n 33.63 36.S1 36.13 

" - "" 36.81 37.27 17. 73 72.27 88.63 

8.5. - 19 32.04 27.72 33.63 35.91 U.S2 44.31 

8.5. - 20 24.5-1 n.27 16.36 31.36 21.36 27.72 

8.5.-21 27.17 36.S1 "." ".00 " . ., 
U.i,.., lit.,ydoy 

- --
J - 631 6 . 57 7.24 6.74 8.83 1". 57 17. 13 ." 
J - 63.( 3." .." .5.89 4 .62 .. " 7.63 .. .. 
J - 637 11.46 9.37 .. " 8 . 22 4.87 11 . 24 

H - 8046 10 . .50 6.53 8 .1 0 14.93 26. 17 "." 2.39 
H _ 849 12.1 5 , ... 8.1 6 10.66 18.90 4.94 .. " 
" -"" •. " .. " 6 . S9 17.46 29.32 35.54 ,." 

a.s. -" 10.02 ,." U, ,." 18.79 13. '7 3." 
8.5. -20 .5.87 ,." 5.6" ,." 8.42 10.83 ." 
8.5. - 21 10.05 '.M 5.25 4.81 ". 59 3.9" .'" 

S~cific GlOItlty" ._--
J • 631 1.0ln 1.0355 1.0312 1.0290 1.0136 1.013.( 1.0137 

J - 63.( 1.0.(]o 1.0"",,, 1.0430 1.0322 1.0042 1.0136 1.00.50 

J·637 1.0220 1.0236 1.0210 1.0126 1.0262 1.0187 1.0187 

H- 8046 1.039" 1 .0 446 1.0378 1.0227 1.0091 1.0078 1.0075 

H - 849 1.0376 1.0440 1.0,,16 1.0275 1.0102 1.0129 1.00.(7 

" -"" 1. 0300 1.0288 1.0353 1.019" Loon 1.0054 1.00]0 

8.S . -" 1 .O.(J() 1.0382 1.0367 1.0301 , .0159 1.0126 1.0049 

8.5. - 20 1.0460 1.00447 , .0483 1.00108 1.0257 1.0183 1.0248 

B.S. - 21 1.0399 1.0445 1.0387 1.0386 1.0384 1.0383 1.0075 

• Pound. con¥.<r.d'o Ii ..... by multiplying .i .... 0.45.(5 

.. eonv.rted '" IS·C • 

••• 4 ,-" cou.c .ion of ~. i ... o. 1 OS' f ., !.eif ... lo ... d 046 '-n and 1e"'P*''''~'.' 
w ••• raised 110m 65'F to 105"F ot 10 O.m. 



Researc h Bullet in 865 'I 

TABLE 8 - DAY AND NIGHT WATER CONSUMPTION AND FREQUENCY OF 
DRINKS OF BROWN SWISS, HOLSTEIN, AND JERSEY HE IFERS AT RISING 

ENVIRONMENTAL TEMPERATURES OF 3S'F TO 9S ' P 

' F ""F 8Qof 

remp. Brown Swi" Hol,tein jer"'y Brown Swi" Hoh'ein J.r ... y .. , nigh' d" nigh • do, night do, night do, nigh' do, nigh' 

Wo.er CorI,,""p'iOl1 (Gol/pen) 

" 16.9 '-' 16.8 ,.< 12.9 '-' 15. 1 2.' 15.4 2.' 11.8 2.2 

'" 1~.6 2.' 16.9 ... 13. 1 2.0 U.S 2.2 14.5 • •• 11. 3 ... 
" 16. 1 .., 16.9 OJ \6 .0 5. ' 14.5 5.2 17.1 ' . 2 11.5 • . I 

80 19.8 '.5 22.0 9.' IS.8 '.5 18.7 5.' 25.9 9.9 14.0 'J 
9Q JO. I 14.0 32.2 20.~ 29 .5 18 . 7 26. 8 9.' 34.9 \8.3 16. ~ '.9 
95 JOJ 17.9 32.2 18 .6 27.8 18.2 25.7 9.0 35.0 16.0 15.2 5.' 

Frequency of Drink, (Av./pen) 

" 14.6 3.0 11 .7 3.9 9.' 2.' 10.2 2.' 9.2 3.0 9.5 '-' 

" 14. 1 3.5 14.8 ••• 10.2 2.3 12.6 2.9 11.3 ••• 10 .9 '.0 

" 15. 7 ... 17.2 5.' 13.6 '.5 14.3 5.9 \7.0 ••• 12.5 '.3 ., 20.0 '.0 21. 7 12.0 16.7 ••• 17.2 '.3 22.2 13.8 15.5 '.0 
9Q 23.7 12. 1 25.4 17. 4 22.0 16.3 22.1 11. 1 25.1 \8.5 16.6 10.9 

95 19.2 '-' 27.0 16 .0 20.' 15.4 21.7 11.7 27.3 16. 2 18.0 ' . 2 

• Eoch valv. r.p r .... nts 'o'al volue. for 3 heife" of the ""me breed. 



TABLE 9 ~ ESTIMATIONS OF WATER BAlANCf AT VAR , JUS ENVIRONMENTAL TfMPHATURES 

" " 

., , ... Or i"" Metabolic TOIOI Vopotil"ti"" Uri ... H:O Total htimo tod Feces H:O by 

",0 "2' ",0 lit/OOy lit/OOy Difference (In ~ Out) <,. Ut/day Kgrrv'OOy 
> 

35 ." 23.a 2.6\ 26.96 4.07 2." , ... 19 . .» • • 
50 .50 23 . 2 2." 16. 15 6.02 .. " 12.87 13.28 

g 
" '" ... 27.0 2.22 29 .69 6 .93 7.6\ 1~.S4 15. 1 5 > 

SO·F. B •. $wl .. ., .5O 31. 8 2.42 34.n 13.35 7.62 20.97 13.75 • " 
'" ." 55.1 .. n 57.24 12.58 19.43 32.01 25.23 " 0 

" ." 67.2 .. '" 69.<19 18.32 21.74 ..... -29. 43 " " • 
35 ... "., 3. 17 28.28 4,57 3.67 8.24 21.04 m 
50 . ., ".2 2." 29.81 7. 1 7 '.23 \3.«1 " 16. 41 ~ 

'" ." 31.2 2.7. 34.52 10.23 ,.". 17.32 17. 20 " , 
SO· F Hoh t.in ., ." 41.0 

2. '" 44 . 27 14.66 14.40 28." 1 S. 21 • , 
'" .28 .... 1.81 ".28 11 .92 22.61 34.53 35.76 

" " . 35 n.' 1.67 74.42 18.36 16.O~ 4 •. «1 30.02 " • " 
0 

35 .2S 19.0 1, 84 21.23 2 .69 3." 5.75 15.48 
0 

50 ." 19.3 .. " 21. 45 3." , ... 9. 14 12.31 

'" .22 28.' .... 28.93 5.61 13.3-4 1 8.~ 10.98 
SO· F Je" ey .. .n 34. 8 1 • 53 36 ." 7.92 14 .58 22.50 14. 15 

'" .20 .... . .. 61.59 , . ., 12.37 20.02 41.57 

" ... 61.6 . .. 62.67 12.08 2 •• 31 36." ".28 



" ." 23.' '-'J 26.51 ,. .,. 22.2 2 .• , 25.12 ,. ... 27. " 2.31 ,.,. " 
8O· F 8t. Swill ., ." 31.8 ,.u. 3 •. 53 

90 ." <S., 1. 71 "7.26 

" ." ~9 . J 1.71 51. 37 

" ." 23. 2 '.W 26.81 ,. .58 2 •. 6 ,.,. 27.S7 ,. .58 33.2 2.75 "." 8O· f Hoh'. ;n ., .55 " .J , ... .7.52 

90 .J< 6".6 .... ... " 
" ... 71. 1 , .90 n. .. ----
" ." 18. I .... 20.37 ,. .J; 16.9 1.69 18.9.( ,. .J> 21. " UO 23.22 

8O·F Jeney .. .77 2 •• 1 1.32 25.70 

90 ... ,., .. .90 31.68 

" ." "'.J . ., 31. 27 

O. , ... 
".67 .. " 
7.69 ..,. 

11. 4' 5.69 
15 . 46 , ... 
17. 15 8.76 

.t. 27 U. 
5.07 6.81 

9. 21 .... 
11. .7 13 .• 7 
15.09 2 •• 21 
U.S5 19.18 

3.12 U. 
'.90 6.9.5 .. ,. 6.71 

7.94 .... 
. .W 9.41 

8.3 • 11.52 

11.94 

10.~ 

13.2. 

17. 10 

25.3) 

25.91 

13.82 

11.88 

16.06 
2.(.94 

".,., 
) •• 33 

,. ,., , ... 
13 .• ' 
14.62 

15.67 

" ... 

' •. 57 

' •. 66 
16.96 

17.43 

21.96 

25.39 

"'.W 
15.99 

20.47 
22 • .58 

27.29 

39.07 

, 1.07 

9.26 

9.81 

11 .08 

16.0 I 

10.39 

= 0 ", 0 • , 
~ 

0 
0 

0 -, 
~ 
m 
~ 

~ 

" 



Missouri Agricultural Expel'lment ~H~tion 

TAaLE 10 _ TON CONSUMPTION PE R CALF PE R OAY AND CORRECTION VALUES 

AT _ISING ENVIRONMENTAL TEMl'EAATURES fOR SMAll DAIRY CALVES 

.,. kdy We.ghl "" C ...... eeli""· "'~ lON· TON, Lb •. ' 

u". " " " u". lodr We'gh!, 100 Lb •. 

BROWN SWISS 

" '" 1 • 1 e 1 • 18 ,."' 1.61 

'" '" 1.33 1.33 2.93 1. 81 

"' '" .. " ." 1.2" ,. " 1.57 

'" '" 1.62 . <l 1.22 2.69 .. " .. '" 1. 84 ." .. " ' . .0 .. ~ .. m ,." ." .." ,. " 1.64 

11 0lSTEIN 

" "" 
, . .., .. .., 3. 1 5 2.10 

'" "" 1. .. 9 1. 49 ,." 2. 19 

"' ", 1.52 ." 1.37 U .. " 
'" '" ' .n ." 1.34 2.95 .. " 
'" '" I. 83 .~ 1.38 3.0" 1.55 .. '" .... ." 1.49 ,." .. n 

JERS EY 

" .0 .. 00 .. 00 2. 21 2.23 

" '" 1.0 .. ." . .0 2. 18 2.12 

'" '" LOS ." .sa 1.94 .. " 
'" ". 1.2( ." ." I .81 1. .. 1 

'" '" 1. 3" ." ." .. " 1.37 .. , .. 1. .. 2 ." ." .. " 1 . 32 

· <:otr.u .... TON (C ......... ,.... from Ooiry Coi f R"1I .... i"" - SO"f. - ,."" .... "".moh. 
R. ,. ~ul. 786) 



Hesearch Bulletin 865 " 

TABLE 11 - WATER CONSUMPTION PER CALF f'U DAY AND CO RRE CTION VALUES 
AT RISING ENVIRONMENTAL TEM~ERA TURES FOR SMALL DAIRY CALVeS 

·f. Body Weight To",r Wor.. Corr.~tion · Wott.ln t"ke Wote., Gallon" 

Lk Intak. Gollon Body Weight 100 Un. 

BROWN SWISS 

" ,OJ 1.63 1.63 1 .01 

SO '" 1.76 .03 .." 1.07 

" '" 2.2.( ." 2.05 1 • 19 

'" '" 3.69 .SO 3. 19 1.61 ., 
"" .( . .(9 . 59 3.90 1.90 

90 '" 6.09 .OJ ,." 2.62 

HOLSTEIN 

" 'SO 1.82 1.82 1.21 

SO 'SO 2.29 2. 29 1 • 53 

" '" 2.90 ." 2.71 1.66 

'" '" 3.57 .SO 3.07 1.62 

80 '" '.83 ." '." 2. 1 B 

90 '" 7. 13 .33 6.'" 3." 

JERS EY 

" '" .." .." 1.29 
SO "3 1.38 .os ,. " I." 
" '" 2.'" ." 1. 82 1. 6.( 

'" '" 2.63 ." 2.10 1.6.( 

80 ". 3.8.( ." 3.U 2.33 

90 "" S." .7'1 ' .66 3.33 

"Cot.e-cte<! wete. (~olT.~t.d from Dairy Coif re-g re"ion on - SO·F. - reored "nimoll) 
(R. B. 786) 



TABLE 12 - CHANGE IN TON, laSftOOY WEIGH T, 100 LBSjOtGlEE (If) RISE IN ENVIRONMENTAL TEMPEItATURE 

S",_ Swi .. Hol,l.in Jen.ey " • 
S"",II 501011 Smoll 
Ooi ,y "'''' .,', Ooiry "," 00", Ooiry ",', .,', 

Te,.""IK1I OllFe .. ""., Cal..." ....... . ~ ... Calve. .~ ... R., .. d c.'_ .~.., .~ ... 
Dlfre .. nce 
in TONJ' . " Weighl -.250 -.230 - .2.010 .. "" • . 2!'(! -.180 -.820 -.2.010 -.320 • 31' _"10°F • 
c~*n 

g 
TO , " 
WI . . -.007 _ .007 -.007 -.OIS - .007 -.OOS - .023 · .007 .... > 

~ 

Dille,e""e " • in TDNJ'. , 
Weight +.2110 ·.200 ·.m +.160 .. "" -.420 - .090 · .m .. "" " "}(;O.9$'F o 

, 
" 

c~ • 
TON m 
WI. F. +.01 4 .. "'" -.012 .... -.019 -.017 -.oos -.020 -.019 

~ 
Cho"!!,, in TO N , Ibt,r'\ocIy Weighl, 100 I~ .. e !"'F) Ri.e in Rec lol Tempe"" "'. , 

3 
Dir~ .. "". • , 
in helol -
Te"'l' . "'. , "'. , "'.2 "'. , "'.2 ~ -lS' -lOoF • -
Cho~in 0 
TON Ri .. 

, 
in R. Temp . -2.3 -2 .S ~, -2.4 -1.6 

om ... "". 
in "'clol 
Temp. +1.9 +1.6 +1.7 +3.0 +2.S +2.S +1.7 '1.4 +2.3 

7f!> -9S'fo 
Cho~in 
TO Ri .. 
inR.Temp. -+0 . 15 ~.13 ~.17 -+0.05 ~ . 1 9 -C.1 7 -C.05 ~." -C.21 

°WP F in _II doi')' oolv ... 



TAitE 13 - CHANGf ' N WAr(R CONSOMi'TlON, GAVSOD1 WEIGHT. 100 Ln/DEGREr ~f) RI 9t. 
IN ENVIRONMiNTAl TEMPERATIJIE 

Brown 5wl .. Hololti n " J .... y 

5 ..... 11 5 ..... 11 5 ..... 11 
Do'~ yf'f oo"f Dairy yf'f oo"f Dairy yf'f .,°f 

T.Mperolu .... DIff ..... nus co.~ .. .~ .... .., .... COI~ •• .~ ... ..., ... c.'~ .~ Reared 

Ome",nce 

l1' -7ff'F 

In Hf./BodY 
Wei t iO .W +0 .07 <0." +0.41 +0. 13 +0.27 <0.35 <O .J8 +0 .11 

Cho~O "'" , WI. . -+0.017 +0.002 -+0 .CXl3 -+0.012 .l.OG< <0.008 +0.010 -!(I.Oll -+O.CXlJ 

Di fference " 0 

'0 "~""', • 0 
We i" I + 1 .01 +]. 14 ..... +1.8.4 +1 .IS +1 .11 +1.69 " .. 53 <OA • 0 

7Oo~f' :l 
C .... ~n • 
"'" , W 
Wt./"F. +().OSI +().046 +() .026 -+0.092 -+0.046 -+0.0« +() .085 -+0.061 -!(I .016 < 

• 
0.0"9"' in Woter Consumption, eol./Body W. ight , 100 Ibs .jb." .. e ("F) Ri.., in Rec tal Tempe roture .-

0 

~ 
Diffe.ence ~ 

in Reelal 
~ 

l1'-7rlF 
Temp . <0. , «>. , «> ., «>. , «>., 

Cho~ in 
H2O F. Ri .. 
h~t. T.mp. «>.7 +1.3 +1 .35 +3.8 " .S3 

Diff .... nce 
in Recla ' 

7Oo_9s"F ' 
Temp. + 1 .9 +1.6 +1. 7 "3.0 +2.S "2.5 +1 .7 +1.4 +2.3 

C .... ;,: in " H2O Of Ri o. ~ 

~.c l. Temp . «>.S3 +().71 ".J8 -+0.61 -+0.46 ..... «>." +1.09 -+<l.t7 

' roOF in """II clalry .:olves. 
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