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ABSTRACT 
Although changing the rate of air movement affected some of the 

physiological reactions, as will be reported in two subsequent publica
tions, the European-evolved cows adjusted themselves so that no ap
preciable effect of air movement was observed on milk production , 
water consumption, or body weight at environmental temperatures 18°, 
500, 650

, and 80 · F. While the feed consumption data do not show 
it directly, indirect evidence given in the text suggests that increasing 
air velocity at 18° F increases feed consumption as well as heat pro
duction. 

At 95° F milk production and feed consumption in the large, high
producing Holsteins and Brown Swiss were more depressed at low 
than at the high air velocity. The reactions of the lactating Jerseys at 
95° F were uncertain as the two cows reacted in opposite ways. The 
dry Brahmans and Jerseys showed no significan t differences. 
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ORI EN TATION 

The first two years of this project, 1948·50, were given to measur ing 
the effects of changing dry-bulb temperature from 50° down to about 
0° F and from 500 up to 105° F on milk production and other reactions 
in dairy cattle, while holding relative humidity (about 68%) and air 
movement (about 'h mph ) approximately constant. ' The third year, 
1950-51, was similarly devoted to investigating the effect of humidity' 
at environmental temperatures 12Q

, 40°, 75° , 85°, 95°, and 100° F. The 
fourth year, 1951-52, was given to study of the effect of wind at 0,5, 
4 to 6, and 8 to 9 mph at temperatures 18°, 50°, 65°, 80 ' , and 95° F 
and at 60 to 70 percent relative humidity. This and the following two 
bulletins will report results on the effect of wind. 

This report presents the chronological details of the temperature, 
air velocity, and humidity levels (Table 1); descriptlon of the cows 
(Table 2) ; and the effect of changing environment on hay, TON ( total 
digestible nutrients) and water consumption, milk production, and 
changes in body weight (Tables 3 to 10 and Figures 1 to 6). 

PROCEDURES, ANlllIALS, AND METHODS 

As shOwn in Table 1, this experimental year was divided into t wo 
periods, October to February 1951-52, with temperatures 50· and 18° 
F; and February to May 1952, with temperatures 65°, 80°, and 95'" F. 
Different cows were used in each of the two groups. Each of the tern· 
perature periods was sub-divided into three air velociti~s: Low (0.4 

'Oniv Mo. Agrie. Exp. Sta. Res. Bu]s. 425. 433, 435, 436, 449. 450, 451, ,160. 
461, 464, 471, 473, 479. 481, 488. 489, 497, 515. 

·Oniv. Mo. Agrie. E:<p. Sta. Res. Buls. 484, 521, 522, 531. 



4 MISSOURI ACRICULTURAL EXPERIMENT STATION 

•• 
001. 2~ to 1'1"", 8 

NOy. a I<> NO'I'. 22 " " 
.., 

~ " 0.' " Noy. 12 to 00<:. ~ " " ••• " " .0" " Deo. e to Dee. 20 " " .0" " " ••• M 

0. • . 20 to;l"",,- 3 .. " .0" " .. .0" " (Temp, n~ ~8 10 12) (T.mp. noc" 411 to 13) 
J..,. 3 \0 Jan. 11 " " ... .. " M .. 
J.", 17 10 Jon. 31 " " ,.. 

" " ., " Jan. 31 to rob. 14 " " .. " " " 10.0 .. 
r obrUUy 2310 Wl2~, Ig51 

rob. 23 to Mar. & " .. .." .. .. .0" n 
Mar. 51<> /vl .. , 2(1 " .. .., .. .. ... .. 
Mar. 20 to Mar. 27 , .. .0" " " ::!}~.8 .. 
Mar. 27 to Apr. 3 , .. 8 .5' .. " " Apr. 3 to Apr. 10 , .. ••• '" .. .0 " " Apr.1Oto l<pr.2t " '" 

,., .. '" 0.' .. 
,,"pt . 2410 ltolay8 " '" 0.' .. .. .. , " May 8 to lwIay 18 '" .. . 0 .. .. .0 .. 

.0 " " .. " 

mph ), medium (4 to 5 mph) , and high (8 to 9 mph) . With the excep
tion of the 95" F period, the cows were exposed for two weeks to each 
of the specific environmental conditions. At 95" F the periods had to 
be reduced to three days at the low and high air velocity levels (no test 
made at medium velocity). 

One chamber housed three lactating Holstein and three lactating 
Brown Swiss cows; the other chamber contained two lactating and two 
dry Jerseys and two dry Brahmans (Table 2). 

As in the preceding experiments, the cows were machine-milked 
twice daily. Alfalfa hay chopped in approximately % to I-inch lengths 
was fed ad libitum; the left-over hay was air dried before weighing 
and deducting from the amount fed. Water was available in individual 
drinking cups and the amount drunk was automatically recorded. The 
cows received 4 pounds of dry beet pulp twice daily. The grain mix, 
including cod liver oil supplement, was the same as in previous studies.' 
The amount fed was based on the previous milk production, with a 
minimum of 5 pounds daily (with the exception of the dry Brahmans 
which received 5 pounds of grain during the 1951-52 winter period 
and 4 pounds during the 1952 spring period ). 

·Univ. Mo. AiTic. Exp. Sta. Res. Bul. 425 (Table 3). 
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Fi,ure \- A ~omparl. on of the e««11 of 10, .... m~d;lIm , and IIb,b air ~e
lodly Gn milk y ield U 65°, 80° , a nd 9SoF. The .1o~1 o,f t he cur ves (due to r ia_ 
l", tempent,,", and advancing s tage of lael atio,n) weTt not alfect«l by .. ind 
except at 9SoF when the milk yield at 0.4 mph wu lower lh. an that . t 9 m ph 
in the Hoblein. ( H), in the hI,hnt yielding Brow n Swl u (S) and in one of the 
two JeT",,.1 ( J). 

The method of controlling the r ate of air movement will be de
scribed in a later publication. In brie!, air velocities of 3 mph and 
above were obtained from fans over alternate stal l partitions, discharg. 
ing down on one-hal! of each animal. The major portion of this air 
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FI.ur~ 2 _ S.me .. Fllure I but for TDN con. umptlon. A~ In milk yield, 
no ell'«:t of .ir uloc:ity ..... ound Hcepl . t 95° F in the Boble'n' and In hlehes! 
yield in. Brown S .... Iu. 

then passed under the animals before rising and returning to the fall 
inlets. Air speeds were adjusted by variable speed fan drives and by 
the use of one or two fans for each pair of stalls. During feeding 
periods the fans were turned off to keep feed from being blown out of 
the mangers. Low air velocity (0.4-0.5 mph ) conditions represent 
normal air movement without fans. 

THEORETICAL CONSIDERATIONS 

The cooling effect of increasing wind depends on several factors, 
including available moisture for vaporization on the outer body sur· 
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TEMPERATURE. 
Fi,-" •• S _ Wa te. consumption at 6~oF . IId 80 G F was .li,htly depreued 

by hlCh ai r nloeltJ'. 

!aces, temperature difference between body surfaces and environ· 
ment, physiologically-effective outer body surface and its ratio to 
body weight, amount of insulating covering (hair and subcutaneous 
fat ) . 

Assuming, for simplicity, that the amounts of insulating covering 
and radiations are constant, and that the available moisture for va
porization on the outer body surface is relatively insignificant (since 
cattle sweat very slightly if at aU), then cooling by wind is mostly by 
convection. Since convective cooling tends to vary approximately with 
the square root of air velocity," the above relations may be represented 
by the equation 

C = kA Tv (t, - 1.) (1) 
in which C is the convective cooling rate; A, surface area; v, air velocity; 
( t, - t. ), temperature difference between surface (hair ) tempera
ture and environment; and k is the convection constant. 

' Galle, A, P., Herrington, L. P., and Winslow, C. E. A., Am. J. Hygiene 26, 
97, 1937. 
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Firure 4 _ No e!Feet of thanrinr air nloo::ltJ' ""u uidellt on bocIJ' ""elrht 
CXtept pohlbir at 9S¢F in the Brown Swiu and Hobtein. 

Accepting the above equation that the convective cooling rate 
tends to increase with the square root of the air velocity, then increas
ing the air velocity, v, by 100 percent increases the convective cooling 
rate, C, by only about 50 percent. In brief, when cattle are kept dry, 
increasing air velocity at moderate environmental temperatures would 
not be ezpeded to increase the cooling rate greatly. 

Inereasing the speed of a fan greatly increases the cooling effect 
on man at 850 F, but this is because mao's s1tin is moist with sweat 
and the cooling is mostly by vaporization rather than by convection. 
The fan would not, however, be expected to cool a cow similarly by 
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Fi&,~re 5 - Milk yield, TDN consumption and body "''';eltt plottfll &&'Iinst 
the 80_95° F se ..... ent of the temper.tI,.e (urve to show dany. instud of .... er.ge 
weekly, .. alues. The 9ScF temperature period is seen to have bun interrupted 
ror • rest period of 80° F between subperio~ s at air velodties 9 mph and 0.4 
mph. The milk production and feed consumption in the Holsteins and il\ the 
hidlest.producing Bro"'" S ... iu ... &, mueh lower at th .. 0.4 Tha .. at the 9 mph 
"docity. The curvq of the two Jerseys ru.cted in oPP08ite ways. 

vaporization because a cow does not sweat steadily. Moreover, increas
ing enviromental temperature above 85° F increases the difference 
beween skin and environmental temperature, t, - t, in equation 
(1), in man, but decreases it in cows. 

With this introductory statement, indicating that increasing air 
velocity at moderate temperatures is not likely to seriously affect the 
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Ficure 6 _ Milk production, TDN and water c(lnsumption. and body weight 
in terms (If ptrcenlacu of the low (0.5 mph) air velocity for ISO (ri,ht SectiOIUl) 
and 50° F (left sections ) environmental temperature, The curves may be con· 
fu sed because of the time .... quence in which the velocities were r un. The t ime 
.... quence i. indicated by numerals on the curveS. Note that the decline in the 
curves ( es j)«i.llr for milk production) follows this sequence (medium, hi,h, 
and low f or the Jerseys and Brahmans; and medium, low, and higb. lor the Hoi. 
s tein and Swiu ) indi.atin, that the chancu rnav be mostly fhe res ult of ad ... ndnr 
period (If lactation rather Ihan of chanCt in air veloc ity . .oJ " represents Jersey, 
"B" Brahman, "S" Brown Swiss, and " H" Holstein, 

reactions of cows kept out of the rain or snow, we proceed to discuss 
the dat1! obtained in this investigation, 
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INTERPRETATION OF DATA 

Tables 3 to 10, and Figures 1 to 6 show that changing air velocity 
from 0 .5 to 8 or 9 mph did not greatly affect the milk yield, 
feed and water consumption, or body weight of the Brown Swiss, 
Holstein and Jerseys at temperatures 18°, 50°, 65°, or 80 ° F. The de
cline in milk production follows, approximately, the time course as
sociated with advancing lactation rather than the changing air velocity. 

The apparently constant feed consumption regardless of air vel
ocity, particularly at 18° F, appears to be in error, as indicated by 
several considerations. First, as shown in Figure 7, the estimated ra
tio of output calories (in the milk and heat production') to input calories 
(in the consumed TON) increases most dramatically at 18° F with 
increasing air velocity in the Brahman cattle (upper right segment) . 
This ratio normally should be constant if the body weight remained 
constant. In this case, however, the body weight remained constant 
while the output to input caloric ratio increased. This could be ex
plained also by replacement of body fat by protein of lower caloric 
value; but it is more likely caused by an error in the feed consumption 
data, due to the scattering of the feed by the wind at the higher velocity, 
or to some fault in drying the left-over feed. 

Furthermore, the feed-consumption data do not seem to fully 
harmonize with those previously reported.' In the earlier report 
it was found that lowering the temperature from 50° to 15° F (at 0.5 
mph air velocity ) increased the TDN consumption by about 20 per
cent in the Jerseys and 35 percent in the Brahmans_ While the body 
weight increased somewhat with declining temperature (and increas
ing feed consumption ), the ratio of output to input calories remained 
fairly constant. 

At 95° F the milk production and feed consumption in the Holstein 
and Brown Swiss were lower at the low air velocity than at the high 
velocity_ Regarding the Jerseys, one, J-994, produced less milk and 
consumed less feed ; but the other Jersey produced more milk and con
sumed more feed at high than at low air velocity. The difference in 
the amout of feed consumed at the high and low air velocities at 95° F 
by the Brahmans and the non-lactating Jerseys was slight and the 
changes were not consistent (Figures 2 and 5)_ 

In general, the curves in Figures 2 to 5 indicate that the higher the 
milk production level and the larger the cow, the greater the effect 
of change in air velocity at 95° F_ This may be because heavy milk 
production is associated with high heat production and large body 
size is associated with a smaller surface area per unit weight, with 

'Uni\"_ Mo. Agrie. Res. Bul. 552. 
'Univ. MOo Agric. Res. Bul. 4&0_ 
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consequent greater difficulty in heat dissipation. The resulting greater 
thermal stress may have rendered the larger and more heavily milk· 
ing cows more sensitive to the slighUy reduced cooling associated with 
reduced air velocity. The depressed milk yield in the larger animals 
may be within the limits of experimental errors, as in the case of the 
two Jerseys thaI reacted in opposite direction on changing the air 
velocity from 0.4 mph to 9 mph at 95° F - one increased and the 
other decreased the milk yield and feed consumption. At any rate, the 
effect of changing air velocity is also slight at 95° F. 

The situation would, of course, radically change if the hair and 
skin became wet, as occurs when sprinkled or exposed to rain. In
creasing air velocity would then greatly increase the heat dissipation 
by vaporization because of the large surface area of the hair. This 
may explain the frequent chilling effect of wind and cold rain, which 
could become dangerous under unfavorable conditions! 

Figures 1 to 6, along with their legends explain and clarify these 
statements In details related to the effect of wind on milk production 
and feed and water consumption. 

'Illunrated by • reeent seriOuS efl'ect on I windy cold rl in in FLorida on 
unleellml Uted Indiln-evolved clttle In pOOr nutrltionll condition. 
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Ra[ C"" ...... I!!IOa, lbo/dl.Z 

H_I 7I n .o " .. n.4 27.8 2'.$ 2'.4 21.0 
9 -1 32 27.0 29.8 n .1 If.! ZII. 7 21.0 28.3 
R_II·4 28.0 28.8 2$.2 28.8 2'.1 28.5 29.2 .-. 1'.1 21 .8 U.3 21.5 n.I U.5 2302 
.~ , 1' .0 , .. 21.2 17.8 22.1 21.2 22.2 ... , 11.0 24.0 15.3 U.S lU 23.1 23.4 

TllN C"" ... ml!!lOn I!!!II.I ~ .. t!b~ NIlUIe..u! " , lba/ .... r 
H_171 23.7 25.0 14.' U. l 24.5 24.1 24.2 
R_ U2 24.8 25.2 U.3 24.3 24.0 lU 2U 
R_ltt 25.1 U., 2&.8 2U 24.5 H.7 2403 ... 11.2 1' .8 20.1 1$.4 11.7 18.2 It.' 
.~ , 18.1 17.4 11.0 15.5 18.0 11.3 11.' 
S-47 18.4 20.11 21.8 10.3 1'.2 18.0 If.! 

R_171 uu u u UM lin un 
H_I32 1252 1231 1121 UM 121. 
K_ l " u u u " 1141 1134 lilt 
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,-~ 13.4 ••• M ••• ••• J_ 549 23.8 11.8 ••• , .. ••• 
J · 999 <lry 10.n 

W'"" . COMWllI!!\<)n, ~lo/dal 
9.1 0.2 1. .., ••• .. , 

J_~48 11.2 ••• • •• • •• .., ••• ••• J-549 12.1 , .. 12.? 11.& 10.2 ••• .. , 
J_2M dry ••• '-' ••• • •• • •• • •• ••• 
B_2011 ••• .. , ••• ••• , .. .. , ••• B_189 ••• ••• •. , .. , , .. • •• ••• 

TQt:;t\ Nurqber 01 Orlnk. l 'u Dal 
J_999 <lry ••• ••• ,., .. , ••• ••• .., 
J_548 10.4 ••• .. , 11.2 ••• .., 13.4 
J_549 ••• '-' ••• ••• • •• • •• ... 
J_2M dry ••• ••• • •• • •• .., ••• ••• 
S-2011 ••• ••• '-' ••• '-' • •• ,. , 
B_189 '-' ••• ... ••• ••• '-' ••• 

Ral C""ou"'l!lon, lbo/da~ 
J_999 dry 18.3 18.0 19.4 18.4 17.0 111.1 18.0 
J_548 18.2 17.1 11.5 11.6 18.8 18.2 18.0 
1_549 19.3 18.7 19.4 18.8 111. 1 18.8 19. 6 
J_2S4dry 13.9 14.0 14.4 11.9 10.2 13.2 1l.2 

B_2011 13.8 13.3 H.t 13.2 15.0 12. \1 11.2 
B_1811 11.2 12.8 12.2 ••• IU 13.0 lL,l 

TON Con"''''2!!on !Total DlnotlbJe Nutr lent_), ' IIn/dal 
J_1I1I9 dry 15,8 15.7 18.4 \5.11 15.1 16.2 15.7 
J_543 18.3 1U 15.11 15.4 15.1 U .S 15.8 
J . 5411 ,., 18.4 16.6 11.4 18.2 18.1 IS.S 
J_2M <lrJ 13.8 13.7 13.11 12.8 U.B U.3 12.3 

B_2011 13.5 13.3 13.11 13.2 14.2 1l.1 12.3 
B_189 12.3 U,l 12.11 10.9 13.3 13.1 12.2 

Body WI !iht, lb •. 
.1_111111 dry •• H' ." "' ,~ . .. "" J_$.(8 '" ." . ., ." ." ." ... 
J_H9 '" ." ". ." '" ". '" .1_264 dry '" ... n. ". ". ." ". 
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TABLE 8 __ BOOY WEIGHT AND W LK AND BUTTERFAT PRODUCTION FOR LACTATING AND DRY JEIlSEY AN D DRY BRAHMAN COWS AT ~ 
~ 
~ 
n e 

J-W! dr, ." .~ n. .. ~. ~, ... ." ~. " J-I~ ... , .. .~ , .. n, , .. , .. , .. , .. 
~ J-ICIIi ... '" ~. N. ~. ~. ~. ... . .. 

1_6018 4rJ '" ... ... '" ... OM N. .... ... 
" ~, .. "" ... , .... . ~. .... .W . ... . .. , .... 
'" B-lI' .m. . ~, ..... .... . ... lon' ... , .m. .m • X • " I-ia.! 21.1 15.1 1',S 22.1 ,., 21.e 21,0 ... ... ~ 

.1-205 30,8 n,s 21,' 25.4 18.8 2G.3 U.O It.S 12. 3 • " Butterrlll, " • , .... ••• • •• • •• • •• • •• • •• " I_2M ••• • •• • •• 'SIC' durin« (hi. perlOa 
.., ••• • •• ~ 

~ 
" " 0 • 
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