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SUMMARY 

1. A 16-monrh investigation was conducted ro determine rhe influence of 
constant environmental temperatures of 50° and 80° F and those occurring naru
rally in an open shed (exposed co Missouri diurnal and climatic changes) on 
growth of Brahman, Sanra Gemudis (Brahman-Shorthorn cross), and Shorthorn 
calves. 

2. The physical measurements indicate that both the Brahman and Santa 
Gerrrudis grew well at the higher environmental temperature (80° F), whereas, 
ar 80° F, rhe less hear tolerant Shorthorns made relatively poor growth gains and 
at 16 months of age the Shorthorns lagged behind the other breeds by abour 200 
pounds in body weight. At 50° F and in rhe open shed all breeds made apparent
ly "normal" growths. with the exception that the Brahman did not do quire as 
well at 50° F as at 80° F. 

3. The high productive response of the Santa Gerrrudis at all environments 
(50° F. 80° F. and open shed) indicate they have inherited the combination of 
high heat tolerance characteristics of rhe Brahman and the high production char
acteristics of the Shorthorns. 
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Environmental Physiology and 
Shelter Engineering 

JPith Special Reference to Domestic Animals 

XLII. EFFECTS OF CONSTANT ENVIRONMENTAL 
TEMPERATURES OF 50° F AND 80° F ON THE 
GROWTH RESPONSES OF BRAHMAN, SANTA 

GERTRUDIS, AND SHORTHORN CALVES* 

ORIENTATION 

As :l result of differences in hereditary characteristics, the various breeds, and 
even families and individuals within a breed, react differently to environmental 
stimuli. The reaction of breeds of cattle to external stimuli is intimately associated 
with anaromical-physiological characteristics which have developed as a result of 
natural selection. · 

The internal physico-chemical environment of the body-irs metabolic races, 
concentrates of catalysts (such as hormones. vitamins, and enzymes), nutrients, 
etc. - is dependent not onlY on heredity and on nutrienr supply, but on the ex
ternal environment;-including temperature. radiation, air velocity, barometric pres
sure. and ocher ecological factors. 

Since the entire agricultural industry is built on the foundation of the 
phenomenon of growth (Mumford, 1926), it is important from rhe viewpoint of 
efficiency to determine how environmental temperature may affect the numerous 
facrors influencing growth. The function of growth is co a large extent deter
mined by the animal's efficiency in utilizing feed, which is closely correlated in 
turn with the ability of the animal tO mainrain thermal equilibrium. 

The major objectives of this series of experiments (including subsequent 
publications) on the effects of consranc environmenral temperatures of 50° F, 
SO" F. and open shed** on growth responses of calves are: 

(1) To understand more clearly how environmenral temperature may alrer 
the aboYe and/ or ocher factors which in turn may accelerate or depress the 
growth of the animals. 

• This experiment v.·os initia<ed and conducted under the project leadership of the late Dr. Samuel Brody. 

• •The ooc:n sh<.:d W:l$ sin~k bo:-trdcd with J Str:.tw lot"r. \XIindo\vS were lcfr parch- open :a :.til rimes and the . . . 
inside rcmperorure cycled wirh ourside e<-mpct:~rure. but did nor reach the extremes of the outside diurnal cycle. 
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(2) To determine the influence of temperature on productivity (growth) of 
rhe calves-whose performance may well influence their future milk production. 

(3) To study rhe breed differences in productivity (growth) of Brahman, 
Shorthorn. and Santa Gerrrudis breed established from the Brahman-Shorthorn 
cross. 

( 4) To learn whether the Santa Gerrrudis has inherited the combination of 
high heat tolerance of the Brahman and rhe high production of the Shorthorns, 
and if so, how they may have accomplished this. 

(5) Such studies should narurally have as their ultimate objecrive rhe hasten
ing of the slow and very expensive evolutionary process which rakes place under 
conditions of natural selection by providing dairy husbanc rvmen with more pre
cise (physiologically substantiated) indices for selection. 

(6) And by the above biologic and engineering (housing) methods, ro ob
tain information on the most desirable environmental temperarure for besr pro
ductivity (growth) and health of growing calves. 

This bulletin is actually a continuation of half a century of Missouri Station 
research on the influence of the environment (effect of gestation, nutrition, plane 
of nutrition, lactation, and now climatic factors) on growth*** and develop
ment*M of domestic animals. It is concerned with the growth responses of three 
breeds (Brahman, Shorthorn, and Santa Gerrrudis) of calves raised at constant 
50° F and 80° F environmental temperatures and in an open shed. Pictorial and 
mathematical expression will be made of the physical responses of these calves ro 
a very important non-generic climatic factor, namely, environmental temperature. 

METHODS 

Experimental Design 

The experiment was conducted under the controlled environmental condi
tions of the climatic laboratory. This laborarory consists of rwo independently 
controlled chambers, each modified to contain three calves in each of the three 
pens. Chamber I was maintained at a constant temperature of 50° F and 62 per
cent relative humidity; Chamber II was maintained at a constanc temperature of 
80° F and approximately 54 percent relative humidity. Illumination was provided 
by one 40-warr incandescent bulb which was on ar all rimes and, in addition, six 
200-watt incandescent bulbs which were on between 6 a.m. and 6 p.m. in each 
chamber. Air velocity was approximately 50 feet per minute. 

Experimental Animals 

Shorthorn, Brahman, and Santa Gerrrudis breeds of calves were used in chis 
experiment. The Brahmans (Bos indicus) are carrie of Indian origin. They are 

•••Growrh, rhe biologicol synthesis of cells or building-up proce-ss. is direcrly •ssociared with an incri."JSe 
in live m:urcr or procopb.sm. and devdopmcnr refers co che directive co·ordin:.uion of the difrerent processes 
(from birch ro m1ruriry) 10 3n org1nized heterogeneity (Brody, 1945) . 
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known ro be heat coleranr and insect resistant. The Shorthorns ( Bos taurus), a 
European breed, are noted for their high productivity. The Sanra Gerrrudis is a 
new breed of beef catde, developed at the King Ranch, Kingsville, Texas .. They 
are believed co be % Shorrhorn and % Brahman, inbred ro the high degree of 
uniformity characteristic of a breed. They are hear roleranr and highly produc
tive under adverse environmental conditions. This experiment provides the op
porrunirr ro compare chis new breed with its parent breeds ro obtain insights 
inro rhe mechanisms of hear rolerance in cattle. 

Three calves of each breed were placed in a pen in each chamber at about 
one co three monrhs of age and kept there until the termination of rhe experi
ment (about 16 months of age). In addition, a group of 13 calves, consisting of 
five Santa Genrudis, four Brahmans, and four Shorthorns, were kept in an open 
shed. They were available for replacement in case of illness or death of the ex
perimental animals. Viral statistics of rhe animals are given in Table 1. 

Milk was fed ro all calves for about four months after rhey were placed in che 
laborarory. Alfalfa hay of good quality was fed ad libitum at all times. The left
over hay was air-dried before weighing back and deducced from rhe amount fed. 
The grain mix, including cod liver oil, was fed ad libitum until rhe calves were 
about eight months old; rhereafrer grain was supplied ar about 16 pounds per 
calf per day. 

Animals in rhe laborarory had constant access co water. The volume of water 
consumed and frequency of drinks were recorded automatically. The open shed 
group, which was lefc outside during the day, obtained rheir drinking wacer 
outside from an unheated concrete rank. 

Weekly cleaning practices were followed up to the time the calves were 
abour five months old ; thereafter dailr cleaning practices were followed. 

Brucellosis vaccinations were given to all Shorthorn calves on March 10, 
1955, and co the Santa Gerrrudis on March 15, 1955. 

Physiological Measurements 

The physiological reactions measured and the frequency of the measurement 
are given in Table 2. 

All rhese physiological reactions are related or interrelated to growth and can 
affecr or reflect the growth responses of chese calves. However, in chis publica
tion, discussion will be confined to the measurements of body weight, height at 
withers, and chest girth and to the numerical relationships of these measure
ments during increase in size. General explanations will be given concerning the 
interrelationships berween size, form, and function. Other physiological measure
ments listed in Table 2, such as metabolism, vaporization rate, blood volumes, 
thyroid activity, and feed and water consumption, will be discussed in subsequent 
bulletins. 
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Brahman 

Santa Gertrudis 

Shorthorn 

Brahman 

Santa Gertrud!s 

Shorthorn 

Brahman 

Santa Gertrud!s 

Shorthorn 
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TABLE 1. HISTORY OF THE CALVES 

Chain 
No. 

301 
309 
319 

387 
366 
368 

332 
342 
349 

302 
315 
321 

384 
393 
396 

338 
354 
355 

313 
361 
362 
303 

371 
385 
390 
379 
389 

334 
344 
352 
329 

Tattoo 
No. 

847 
278 
267 

EXS 
EX2 
EX3 

99 
35 
24 

268 
577 
271 

EX6 
EX11 
EX12 

25 
30 
40 

8V 
225 
226 

1768 

EX4 
EX7 
EXlO 
EX5 
EX9 

21 
34 
32 
22 

At Beginning of Experiment 
(Nov. 15 1954) 

Birth Date Approx. Approx. 
1954 Age Body Weight 

(Estimated) Mos. Days Lbs. 

Chamber I (East) - 50°F 
Sept. 20 1 26 
Sept. 18 1 28 
Oct. 3 1 12 

Oct. 1 1 14 
Sept. 22 1 24 
Oct. 2 1 13 

Aug. 15 3 0 
Sept. 28 1 18 
Aug. 7 3 8 

Chamber ll (West) - 80°F 
Sept. 20 1 26 
Sept. 21 1 25 
Sept. 29 1 17 

Oct. 1 1 14 
Sept. 19 1 27 
Sept. 22 1 24 

Aug. 7 3 8 
Aug. 28 2 18 
Sept. 30 1 16 

Open Shed 
Sept:-26 -- 1 
Sept. 25 1 
Sept. 20 1 
Sept. 10 2 

Oct. 17 o 
Oct. 22 0 
Oct. 12 1 
Oct. 10 1 
Oct. 10 1 

Aug. 22 2 
Oct. 1 1 
Sept. 15 1 
Aug. 1 3 

20 
21 
26 

5 

29 
24 

3 
5 
5 

24 
14 
0 

14 

146 
126 
130 

135 
131 
147 

144 
112 
128 

167 
135 
119 

137 
159 
118 

136 
101 
97 

87 
105 
107 
186 

90 
120 
112 
103 
102 

148 
100 
96 

172 

Deceased: Santa Gertrudls 365, Nov. 16, 19 54, enterotoxemia; and Brahman 320, 

Dec. 9, 1954, bloat. 
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TABLE 2. PHYSIOLOGICAL REACTIONS MEASURED 

Measurement 

Body weight 
Dimensional changes due to growth 

*Surface area 
*Water consumption 
*Feed consumption 
*Pulse rate 
*Respiration rate 
*Rectal temperature 
*Metabolism, lung vaporization, and 

Tidal air volumes 
*Total vaporization rates 
*Blood volume and total and extra-

cellular body water 
'"Thyroid !!!_vivo counts 

*Animal surface temperature 
*Hair growth and density 
*Ovarian activity 
*Physical activity 

Appro:dmate Frequency per Cal! 

On three consecutive days once/mo. 
Monthly 
Monthly 
Continuously 
Dally 
Dally 
Dally 
Daily 

Weekly 
BI-weekly on laboratory calves only 

Once every five weeks 
Twice dally for 2 weeks following 

injection 
Weekly 
Monthly 
Three times weekly 
Continuously 

* To be published in subsequent bulletins by members of this project. 

Computation Methods 

Methods of calculating growth races and derivation of equations are given 
in derail in Brody's Bioenergetics and Growth. Briefly, growth in weight is usually 
represented in one or all of the three ways: (1) cumulative, or course-of-growth, 
or the coral weight ac given age (Figure 7); (2) absolute gain in the given magni
tude per unit time (Figure 10); or (3) instantaneom percentage race of growth 
(Figure 9). All chese forms of representation may be made in conventional mache
macical terminology. 

The absolute gain in che observed-weight difference, W ~-W, for che corre
sponding rime difference, t2· t 1 , may be represented by che equation: 

Average absolute growth rate = W2-W, = larger weighc less smaller weight (1) 
c2- c, larger time less smaller time 

The instantaneom race of growth can be obtained by the equation: 

k = In W2- ln W, (2) 
t~- c1 

In ocher ·1vords, che inscancaneous relative growth race, k, is che difference be-
tween che natural logarithms of weighcs W z and W., divided by che time inter
val c~-t 1 • Thus che practically impossible cask of measuring the instantaneous 
growrh rare in che laborarory is made possible by a marhemarical device ( Brody 
1945 ). 

The parabola Y = aX b was employed in predicting weight from chest girth 
or wither heighc measurements. In chis equation the independent variable, X , 
represents the measurements of chesc girth or wither height, whereas the depend
ent variable, Y, stands for che body weight, a is a conscanc, and b is the slope. If 
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Figure 1. G raphic method for evaluating the constants of the equation 
W = A-Bekt for the Santa Gertrudis calves at 80° F. The cor rect weight value of 
the mature weight, A, is 1500 pounds; if ( 1500-W } is plotted against ase, a 
straight line results. If a larger or smaller value of A is assumed, the curve deviates 
from a straight line as indicated. The value of B is read from the curve at the point 
whent = 0. 

the data yield a scraighc-line distribution when plotted on log-log paper, the 
equation represents che data, and the equacion can be fitted co the data logarithm
ically by the mechod of lease squares. 

The modified exponential equation W = A-Bekc was used in predicring che 
mature weight of the calves. The equation is fined co the data graphically (Brody, 
1945). (A-W) is ploued against age, t, on arithlog paper. A maighc line results 
if the proper value of A is chosen, and if the equation represents the data. Sever
al values of A were chosen, and A-W plotted. There is an upward curvature for 
high value of A, a downward curvature for low value of A, and linear distribu
tion for the correct value of A. This method of fitting the equation is illuscraced 
in Figure 1. The value of k is determined by measuring the slope on the arithlog 
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paper. B is che intercept of the curve on rhe arichlog plor; chat is, the value of 
(A-W) ~·hen r = 0. B may, of course, be evaluated algebraically: 

A-W = Bekt 

B = A-W = (A-W)e-kr 
ekt 

DATA 

The data are presented qualitatively by comparing photographs of the ani· 
mals at different ages; semi-quantitatively by comparing the slopes of the age 
curves of growth; and quantitatively and scatisrically by fitting the relative-

growth equation, that is, the parabola y = axb, co the data. 
Figures 2, 3, and 4 show in photographs rhe within-breed comparison of rhe 

Brahman, Shorthorn, and Santa Gercrudis calves ar 50° F, soc F, and open shed 
environments. The pictures show the calves ar 3, 6, 9, and 16 months of age. 
Surprisingly, at 50° F rhe Brahmans did nor grow as rapidly as ar soc F (Figure 
2). Growth responses of rhe Shorthorns ar S0° F were depressed as shown by the 
relatively smaller body size (Figure 3). Santa Gerrrudis seemed co grow equally 
well at all three environments (Figure 4). 

These photographs also reveal the striking effect of constant environmental 
temperature on the adaptive response (physical temperature regulation) of rhe 
hair coat color,t as well as length (Figure 5) or densiry of hair. 

Figure 6 gives a representative comparison of the appearance of the three 
breeds of calves reared in rhe three environments at the compl~rion of the growth 
experiment (16 months of age). The 80° F Shorthorns, whose hair had ro be 
clipped ro alleviate a high rectal temperature (Table 3) made the poorest gains; 
ac 16 months of age, rhey lagged behind the ocher breeds by about 200 pounds 
in body weight. 

TABLE 3. AVERAGE RECTAL TEMPERATURES* OF CALVES 
REARED AT 50oF AND 800F 

Breed 

Brahman 
Santa Gertrudis 
Shorthorn 

102.2 
102.5 
104.3 

Environmental 
Temperature 

101.8 
102.2 
102.2 

Difference 
aooF - 50oF 

0.4 
0.3 
2.1 

*Average for eight months (2 to 11 months of age). From Kibler, H. H., and 
Brody, S. , Relative Heat Tolerance of Santa Gertrudis, Brahman, and Short
horn Heifers, J. Animal Science, 14:1248, 1955. 

tFor derails of tempenrure effect on hair color, see Srewan, R. E., tt aJ. Mo. /l.gr. Exp. Sta. R.:s. Bul. 484, 
1951. 
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SANTA GERTRUDIS 
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Figure 5. Ratio of so• F/ 50° F on hair length measurements of the Santa Gertrudis and Brahman heifers. The Shorthorns at so• F were clipped at approximately 4, 5, 7, and 9 months of age, since their rectal temperatures, measured at 7 a.m., were consistently above 104.5-105.5° F. Clipping apparently enabled the animals to maintain their body temperature below 104.5° F. 
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Figure 6. Photograp hs of 16-monch-old Brahmall, Santa Gertrudis, and Short· horn heifers raised at 50° F and so• F and under open shed conditions. Note chat the animals at so•F had sleek, short hair. 
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Figure 7. Age curves of growth in body weight, chest girth, and height at 
withers of Santa Gertrudis, Brahman, and Shorthorn heifers raised at ;o• F, 80, 
F, and open shed. The Shorthorns at 80°F lagged behind the other breeds by 
approximately 200 pounds in body weight, 10 inches in chest girth, and 2 inches 
in wither height. 

Figure 7 is a summary of the effect. of constant environmental temperarures 
of 50° F, 80° F, and open shed on the physical measuremems (growth and de· 
velopmem) of the Brahman, Shorthorn, and Santa Gercrudis calves, averaged by 
months and plotted on semi-log paper. (Numerical data are given in Tables 5, 
6, and 7 in the Appendix.) It is recalled chat on semi-log paper equal slopes rep· 
resent equal relative or percentage changes and that in Figure 7 the relative changes 
are represented directly with respect tO age and comparatively with respect co 
temperarure. 

The data (Figure 7) generally support the photographic illustrations that 
the apparently more heat colerant Brahmans and Sama Gertrudis were less af
fected by the 80° F environmental te.mperature; growth of the Shorthorns was 
severely depressed by the 80° P environment (see body weight). It was also noted 
that the hear tolerant Brahmans did not do quite as well at 50° F as ar 80° F. 
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Figure 8. Age curves of growth in body weight, chest girth, and height at 
withers of individual Shorthorn heifers raised at so• F. The average data on 
body weight of Santa Gercrudis and Brahman heifers were inserted for purposes 
of comparison. 

Data on chest girch measurements generally follow the same trend as the 
body weight measurements. H owever, little difference is noted in the wither 
height measurementS of the three breeds of calves. The difference in the body 
weight and chest girch measurements of these calves was undoubtedly due to 
their nutritional status:tt The heat stressed (80° F) Shorthorns showed the 
lowest body weight, chest girth, and wither height measurements in comparison 
with rhe ocher breeds. 

ttA subsequent bulletin will present the chta on feed ond wocer consumption of these cal v~ 
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Figure 9. Instantaneous percentage rate of growth of Santa Gertrudis, Brahman, 
and Shorthorn heifers reared at 80° F, 50° F, and open shed, plotted against age. 
Note chat the race of growth declined at a slower race for the Shorthorns chan 
che ocher breeds at 80° F. 

However, slight and sraristically insignificant difference was noted within 
the breed when the data on the three Shorthorns reared at 80° F were plotted 
against (Figure 8) age. Shorthorn 338, the largest in the pen, apparently made 
the besr gains within rhe breed. However, when Shorthorn 338 was compared 
with either the Brahman or rhe Sanra Gerrrudis at 80° F, it was found chat 
Shorthorn 338 still lagged behind in body weight by about 100 pounds. 

The instantaneous percenc~ge race of growth (k = lnW-1-lnW,_ ) plocred 
Cz- C1 

against age is given in Figure 9. The dara indicate char instantaneous percentage 
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Figure 10. Weight, height, and chest increments in growing Santa Gertrudis, 
Brahman, and Shorthorn heifers. 

rate of growth declined with advancing age. This appears to be in agreement 
with the law of diminishing increments that growth rate increases at a decreased 
rate. 

The slower growing and maturing Shorthorns (80° F) are theoretically aging 
at a slower rare than the other breeds at 80° F or the Shorthorns, Brahmans, and 
Santa Gertrudis at 50° F. In other words, the instantaneous rates of growth of 
the 80° F Shorthorns decreased at a slower rate than those of the other breeds. 

Monthly increments in weight, height, and chest circumference are presented 
on the top sections of Figure 10. The bottom sections give the daily gain in 
weight plotted against body weight. The data indicate that all three breeds of 
calves made more rapid gains before they reached eight months of age ( 400 ro 
500 pounds body weight) and their growth rare declined thereafter. However, rhe 
heat stressed 80° F Shorthorns showed no essentially higher rare of gain when 
young (below 400 pounds) than later. 
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Figure ll. The relation of body weight to chest girth in Brahman, Santa Ger· 
trudis, and Shorthorn heifers. The straight line represents the fitted parabola 

Y = aXb by the method of least squares. T he standard errors of estimate, +S11 

and -S11, and the constant, rho, p, which corresponds to rhe coefficient of corre
lation, r, for arithmetical relations, are given in the chart. 

Figure 11 presents the relationship of body weight ro chest girth. In an at

tempt to "rectify" the data, that is, rhrow them inro a form which gave a 
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straight line, the data were plotted on log-log paper. Thus the parabola, Y :::: axb, 
which has been used in biology for perhaps a century, is in straight-line form 
when written logarirhmically: log Y = log a + b log X, and can be fitted co 
the data by the method of least squares. The standard errors of estimate, which 
include berween them cwo-rhirds of the data points, and the constant rho, the in
dex of correlation, which has the same significance for these curves as the con
scant r. rhe coefficienr of correlation, for linearly related dara, are given on the 
chart. Each of the dara points is the average of three animals of rhe same breed. 

Although there appear co be changes or "breaks" in the value of the exponent 
b, especially during early growth, representation of the data on a log· log grid is 
still the most satisfactory method. The application of the parabola to data means 
only that an increase of 1 percent in X is associated with an increase of b percent 
in Y. Thus, for example, the equation M = .015702• 5~ relating body weight, Y, 
to chest girth, X, (Fig. 11) for the Shorthorns reared at 50° F, merely scares chat 
a chest girth increase of 1 percent is associated with a body weight increase of 
2.57 percent; or increasing chest girth 100 percent increases body weight 257 per· 
cenr. 

Figure 12 shows the relation of weight to height at withers with the aid of 
the parabola Y :::: axb in the same manner as was done in the preceding section 
on the relation of weight to chest girth, employing the data on the same animals. 
The newborn animal has such a head scare on skeletal growth that the body 
weight increases approximately 4 percent for each 1 percent increase in skeletal 
height,t 

Of the rwo linear measurements recorded, chest girth in growing catde ap· 
pears to be most closely correlated with body weight, and is most nearly rep
resentative of the linear size of the animal. We know that linear growth (for 
example, wither height) increases in arichmatic progression and wm plot linearly 
on arithmaric paper (according to series 1, 2, 3, and 4) and that volume growth 
(body weight) increases in geometric progression (prior co puberty) and will 
plot linearly versus age on arithlog paper (1 cell co 2, 2 co 4, ere.) ac lease for 
short periods (Brody, 1945 ). The weight growth rends to vary with the cube 
( third power) of linear growth, as indicated by the equation-the slope is ap· 
proximately 3 for the relation of body weight co chest girth, and 4 for the rela
tion of body weight co wither height (see Figs. 11 and 12). The chest girth thus 
comes nearest to being the theoretical average of linear growth-co meeting the 
dimensional analysis expectation that body weight varies with the cube of linear 
size. 

The value of an equation like this is its clearcut descriptive powers and 
manipulative simplicity. FuHhermore, the apparently satisfactory applicability of 

tApJ'roxinute!y 50 percent ot the height " " 'ithers is completed betore birth •s contrast co 6 percent ot bod,· weoghc. And tood suppl)' does nor have the opporrunity to affect height at withers "-5 it can the weight or chest girth. the second most easily measured line-ar dimension. 
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Figure 12. The relation of body weight to wither height. The data were firced 
co the parabola Y = axb by the method of least squares. Note chat a given 

h·eight, say, 40 inches, the Brahman at 80° F w eighs about 30 co 40 pounds 
more than at 50° F; Santa Gertrudis weigh about the same at both 50° F and 
80° F; while the Shorthorn at 80° F weighs almost 50 pounds less than at 50° F. 
The data represent three calves of each breed ac 50° and 80° F. 
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Figure 13. Prediction curves. The smooth curves represent equation W = A-Bekt 
for Santa Gectrudis, Shorthorn, and Brahman heifers at 50° F, 80° F, and open 
shed. The solid curves represent actual values, whereas the dotted lines rep· 
resent predicted values. 

the parabola co the relation of weight co chest girth (Figure 11) suggested che 
idea of employing the equation for predicting weight (Fig. 13) from chest girth 
(Brody, 1945 ). Of all the linear measurements taken of cacde, chose of chest 
girth probably involve lease error, and therefore give besc prediction for body 
weight. 

Also of particular value in chis and following prediction cables is the face 
t!:lac these values were obtained under constant (unchanging) environmental con· 
dicions-chough the numbers of animals are necessarily smalL 

The genetic growth conscancs, together with che predicted numerical values 
of mature size of the chree breeds of calves, and time required co reach different 
fractions of the predicted marure weight are given in Table 4. Figure 13 shows 



TABLE 4. GENETIC GROWTH CONSTANTS 
lOOK* 

Environment 

(percentage Age at 

Predicted Mature of monthly 25% mature 5o% mature 99% mature 

Breed Weight~ A, lbs . B, lbs. decline) wei~~:ht. mos. wei~~:ht. mos. weie:ht. mos. 

80°F Santa Gertrudis 1500 1520 5.3 5.7 13.3 87 

Shorthorn 1300 1400 4.5 8.0 17.0 104 

Brahman 1300 1270 5.8 4.6 11.5 79 

500F Santa Gertrudis 1500 1590 6.4 4.8 11.7 73 

Shorthorn 1500 1570 5.2 6.4 14.2 89 

Brahman 1300 1270 5.3 5.0 12.6 86 

Open Shed Santa Gertrudis 1500 1550 5.4 5.9 13.4 86 

Shorthorn 1500 1575 4.6 7.3 16.1 101 

Brahman 1300 1445 6.0 6.6 13.3 78 

* The percentage of monthly persistency of growth, lOOP, may be obtained by subtracting the percentage decline, 

lOOK, from 100; i.e., lOOP = 100 - lOOK. 
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Figure 14. A straight-line form of growth curve. The smooth line wa.s drawn 
according to the equation W = A- Bekt or r = ln(A-W)-lnB. lOOt 1-W) was 

k A 
plotted against age for Santa Gertrudis, Brahman, and Shorthorn heifers. From 
the curve 60 percent of the marure weight is reached in about 17 months by the 
so• F reared Santa Gertrudis; in about 15 months by the so• F reared Brahmans; 
and in about 22 months by the so• F reared Shorthorns. 

the smooch curves representing the modified exponential equation, W = A-Bekr, 
for Santa Gercrudis, Brahman, and Shorthorn heifers raised at 50° F, so• F, and 
in an open shed. The predicted mature weight, A , for Sanca Gercrudis is 1500 
pounds and for Brahman 1300 pounds at 50• F, so• F, and open shed environ
ments. Marure weighrs of only 1300 pounds were predicced for the Shorrhoms 
that were raised at so• F in contrast with 1500 for the Shorchoms raised at 50° F 
and in the open shed. 

A scraighc line form of the growth curve is given in Figure 14, where (1-W) 100 
A 

(which is the fraction of growth yet to be made to reach the predicted marure 
weight) was plotted against age on arithlog paper. This derivation could be for
seen in connection with the method of evaluating A, which consisted of plotting 
(A- W) against age (See Figure 1). This mechod merely places the curve on a 
percentage basis. Animals rapidly attaining the maximal body weight, A, have a 
high slope, k; those attaining it slow!)•, have a low slope, k. For example, the 
values of k for the c21ves reared at 80° F are: Brahman, 5.S; Sanca Gerrrudis, 5.3; 
and Shorthorn, 4.5- the order of their decreasing heat tolerance. 
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Figure 15. Ratio of body weight to height at withers plotted against age. The 
data indicate the superior performance of the Santa Gertrudis at so• F, so• F, as 
well as open shed. The Brahmans did better at so• F than at 50° F; whereas the 
growth was depressed in the Shorthorns at so• F. 

Figure 1S shows the ratios of body weight co height at withers of the three 

breeds of calves plotted against age. Since height at withers is actually a measure 

of bone growth and is relatively insensible ro variation in plane of nutrition, it 

appears ro be the best index of genetic size of rhe animal, independent of food 
supply. Figure 1S illustrates the superior performance of the Santa Gerrrudis at 

S0° F and so• F and in the open shed. The Brahmans appeared to grow slighdy 

better at so• F than at so• F; the Shorthorns were depressed in growth at so• F. 
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DISCUSSION 

Physical or growth responses of the Shorrhorn, Brahman, and Sanra Gerrrudis 
breeds of calves ro che 50° F, 80° F, and open shed environmental conditions are 
presenced in various manners in an accempc co express more accurately che reac
tions of these various breeds co the environmental conditions. 

As Eckles (1915) seated many years ago, "It is impossible co express the 
g rowth of an animal by a single cerm. Ir appears necessary to use one unit co 
measure the growth of rhe skeleton and another for che gain in weight since che 
g rowth impulse is slighrly stronger in the skeleton than in the fleshy parts of 
the body. Environmental conditions of the growing animals had a much stronger 
effect upon the weight than upon rhe growth of rhe skeleton." 

We ha~'d shown in this srudy that an environmental temperature of 80° F 
(continuous) is severe enough, under the condi tions described, to depress not 
only the growth race of the Shorrhorns, but also their skeleton growth to a 
certain excenc. Sanra Gerrrudis and Brahman calves, which were fo und to be 
more heat coleranr chan che Shorthorns (physiological data will be published in 
a subsequent bulletin) were influenced to a less extent by rhe high environmental 
temperatures. 

Apparently rhe Santa Gerrrudis have inherited the combination of the heat 
tolerance of rhe Brahmans and rhe high productive characteristics of the Short
horns as evidenced by the growth responses of chose kept ar 89° F (Figure 7). 
In face, the Santa Gerrrudis kept at 50° F were more productive under these . 
climatic laboratory (Figures 7 and 14) conditions chan the Shorthorns. Brody 
(1956) suggested a partial explanation in chat wide breed differences are deter
mined by a series of genes of the multiple type, each gene having an additive 
effeet. When the breeds are crossed, the genes recombine into new patterns. This 
way, by combining complementary genes, the backlogs of the evolutionary re
sources of both breeds may be utilized in producing characteristics in new breeds 
such as the high heat tolerance of the Brahman and che high beef production of 
Shorrhorns. However, most crosses resul t in intermediate F, and F2 ; a few Fz 
may be superior co both parents, an effect known as transgressive variation. 

\"XIhar makes the Brahmans and Santa Gertrudis more hear tolerant chan the 
Shorthorn? Aside from the many physiological interpretations which will be 
given in subsequenr bulletins, rhe Brahmans are rangy in build with very large 
ears, dewlap, navel flap, and short sleek hair. They also have more surface are¢t 
for cooling the body by radiation, convection, conduction, and vaporization; so 
does the Santa Gertrudis, bur not quite to the same extent (Figs. 2 and 4). The 
Shorthorns, on the ocher hand, are compact in body build, devoid of rhe extra 
cooling radiator skin, and have dense th ick hair; thus they are sensitive co con
tinuous high environmental temperature (80° F) conditions and need lower shel
ter temperatures for efficient growth (Fig. 3) . 

:::t'fo be pres~red in a subsequent publicarion. 
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Our data on body weight and the relationships of body weight co wither 
height as well as body weight to chest girth (Figs. 11 and 12) appear ro be in 
close agreemenc with chose by Joubert (1954), Lush eta/. (1930), Brody and 
Ragsdale (1925 ), Brody and Elting (1926), Brody et al. (1937), and Davis et al. 
(1937) , chat rhe heart or chest girth measurements give a closer correlation to 
live weight than measures of body length. 

Furthermore, the findings of Badreldin et al. (1951) from field studies over 
a period of six months on body temperatures, respiratory race, and pulse rare of 
native cacde, buffaloes, "pure" Shorthorns, Jerseys and crosses of the rwo Euro
pean breeds with native carrie showed char rhe "pure" Shorthorns were the most 
hear intolerant among several breeds. This appears in agreement with our work. 
Although our experimental conditions are nor comparable, rhe Shorthorns ac an 
early age (Fig. 10) made much poorer gains chan Iacer. H owever, chis may have 
been partially attributed co clipping at the Iacer age, which was necessary ro pre
vent a thermal stress. 
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APPENDIX 



TABLE 5. BODY WEIGHT* (LBS.) OF SANTA GERTRUDIS, BRAHMAN, AND SHORTHORN CALVES REARED AT CONSTANT ENVIRONMENTAL TEMPERATURES OF 500F, 80°F, AND OPEN SHED FROM 1 TO 16 
MONTHS OF AGE. 

50°F 80°F Open Shed 
Age, Santa Short- Santa Short- Santa Short-Mos. Gertrudis Brahman horn Gertrudis Brahman horn Gertrudis Brahman horn 

1 126 --- --- 130 --- --- 107 --- ---2 152 145 --- 147 141 --- 142 111 109 3 205 194 148 196 199 135 193 140 149 4 278 249 205 283 257 163 249 190 202 5 353 312 273 335 332 190 324 235 247 6 416 376 355 397 404 231 383 298 303 7 489 431 411 462 473 272 456 349 354 8 557 482 473 512 527 319 512 413 417 9 616 532 528 563 552 363 549 463 470 ·10 654 563 577 598 602 400 596 500 504 11 706 591 614 638 635 430 641 542 531 12 756 630 658 690 656 461 684 581 577 13 805 663 696 734 712 499 722 648 631 14 850 700 736 773 739 544 759 675 669 15 894 727 775 805 765 576 -- - 718 712 16 --- --- 810 --- --- 625 --- --- ---
"' Average of three calves of each breed. 
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TABLE 6. CHEST GIRTH* (INCHES) OF SANTA GERTRUDIS, BRAHMAN, AND SHORTHORN CALVES REARED AT 
CONSTANT ENVIRONMENTAL TEMPERATURES OF 500F, 80°F, AND OPEN SHED FROM 1 TO 16 

MONTHS OF AGE. 
50°F 800F Open Shed 

Age, Santa Short- Santa Short- Santa Short-
Mos. Gertrudis Brahman horn Gertrudis Brahman horn Gertrudis Brahman horn 

1 --- --- --- --- --- --- 28.7 --- ---
2 36.6 33.8 --- 34.6 35.4 --- 36.6 31.1 29.5 
3 40.9 39.7 32.3 39.4 39.8 33.8 40.6 35.4 36.6 
4 45.3 44.5 40.5 44.5 43.7 39.0 44.5 39.0 40.5 
5 48.0 47.2 44.9 48.0 47.6 40.5 48.4 43.7 43.3 
6 51.1 50.0 48.8 50.4 50.4 42;9 50.8 45.7 46.5 
7 54.7 53.1 51.6 53.9 53.9 45.7 55.1 48.8 49.6 
8 56.6 55.5 54.7 56.3 56.3 48.0 56.3 51.2 51.6 
9 59.8 58.3 57.1 58.3 58.3 50.4 57.5 53.5 53.9 

10 60.6 59.4 59.4 59.1 60.2 52.0 60.2 55.1 55.9 
11 63.0 61.0 61.4 60.1 61.4 53.9 60.6 57.1 57.5 
12 64.6 62 .2 62.6 62.2 62.6 55.1 62.2 59.4 59.0 
13 65.7 63.0 64.6 64.6 63.4 56.7 64.6 61.0 60.6 
14 68.1 65.3 66.5 65.3 65.0 57.9 66.5 64.2 61.8 
15 69.7 65.7 66.5 66.5 66.1 59.8 --- --- 63.8 
16 --- --- 68.1 --- --- 61.0 

* Average of three calves or each breed. 
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TABLE 7. HEIGHT AT WITHERS* (INCHES) OF SANTA GERTRUDIS, BRAHMAN, AND SHORTHORN CALVES REARED 
AT CONSTANT ENVIRONMENTAL TEMPERATURES OF sooF, 800F, AND OPEN SHED FROM 1 TO 16 

MONTHS OF AGE. 
50°F 800F Open Shed 

Age, Santa Short- Santa Short- Santa Short-
Mos. Gertrudis Brahman horn Gertrudis Brahman horn Gertrudis Brahman horn 

1 --- --- --- --- --- --- 30.7 --- ---
2 32.3 33.5 -- - 32.3 32.7 --- 32.7 31.5 29.9 
3 33.5 35.4 32.3 33.8 35.8 31.9 34.6 32.7 31.5 
4 36.2 37.4 34.2 35.8 36.6 32.7 36.2 35.0 33.5 
5 37.8 38.2 36.2 38.2 38.2 34.2 38.6 36.2 35.8 
6 39.4 40.5 38.2 39.4 39.4 36.2 39.8 38.6 37.8 
7 41.3 41.7 39.4 40.1 40.9 37.4 41.7 39.8 39.4 
8 42.5 42.1 40.9 41.3 40.9 39.0 42.9 41.7 40.2 
9 43.7 44.1 42.1 42.5 41.7 40.5 44.9 42.9 42.5 

10 44.5 44.5 43.7 43.7 44.5 41.3 45.7 44.5 44.1 
11 44.9 44.5 44.1 44.1 44.5 42.1 46.0 44.9 44.1 
12 45.7 44.9 44.9 44.5 44.9 42.9 47.2 44.9 44.1 
13 46.8 45.7 45.3 44.9 45.3 43.3 47.2 45.7 44.9 
14 47.2 46.4 45.7 45.7 46.1 44.1 48.0 46.5 46.0 
15 48.0 46.4 46.4 46.8 46.4 44.1 --- 46.9 46.5 
16 --- --- 46.4 --- --- 44.9 --- --- ---

* Average of three calves of each breed. 
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