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\ IHTRODUGTIOH AND PUEPOSE v ^ \

; : The in c rease  in  the  s iz e  and number of e a t t l e  feeding  opera tions 

in  Arizona h a s -re su lte d  in  a lo c a l  demand f o r  comprehensive s tu d ie s  

of a l l  fa 'c to rs  co n trib u tin g  to  g re a te r  and more e f f i c i e n t  production  

of f in is h e d  stock . ¥ear«=l©ng. feeding  is .c o n s id e re d  d e s ira b le  by many . ' 

o p era to rs  engaged in  the industry^ and the re a c tio n s  of f e e d lo t  c a t t le  

; to  the h igh tem peratures of the Southwest have emphasized th e  need 

fo r  proven p ra c tic e s  and in s ta l l a t io n s  th a t  w i l l  a l le v ia te  c lim a tic  

s tr e s s  during the summer monthso ./ :

Ihe  t e s t  rep o rted  in  t h i s  paper was designed to  compare th e  r a te s  

and e f f ic ie n c y  of summer ga ins made by y ea rlin g  H ereford s te e r s  provided 

shad® in  the v ic in i ty  o f the fe e d  trough w ith  th e  gains, an d :e f f ic ie n c y  f  

o f s im ila r . s te e rs  provided shade a t  a more d is ta n t  o r conventional 

location*  f to  s te e rs  sub jec ted  to  the above trea tm en ts  weres in  turn^ 

compared:; w ith ’ a •sim ilar group denied the b e n e f it  of shade during the



L im iA T m m  REvmw' : y "  ' ; ; '  v - v - / '; : v {

" . The in flu en ce  - of shade lo c a tio n  upon th e  r a t e  and e f f ic ie n c y  of 

summer gdins i n  fa tte n in g  c a t t l e  has h o t "been found in  th e  lite ra tu re ®  

H ow ever/considerab le  r e l a t e d . work, has: been repo rted#  " : . ;

Keeping a d u lt  l iv e s to c k  cool in  the - summer i s  a g re a te r  problem : 

in  most p a r t  s of t h i s  country  than  keeping them warm in  th e  w in te rs 

observed Brody ( I )  =, Goheurring w ith  t h i s  observation^, Snapp (12) : ;"

s ta te d  t h a t  too  l i t t l e  a t te n t io n  i s  g iv en  to  adequate shade p ro v is io n s  

f  or c a t t l e  during h o t w eather» / . ! : ; t  > , i: • . . ; - '

\ . - G a ttle  moved' from shade /to' an a rea  exposed to  strong  su u lig h f in  . ‘ 

th e  summer5 according to  Bhoad (1Q)S showed increa.sed r e s p i r a t io n  r a te s  

and ;h igher body.tem peratur'es3 in d ic a tin g  in creased  d i f f i c u l t i e s  in  d is ­

posing o f body heato Further^ Gaalaa.s (3)- noted th a t  le s s  time was 

spent g razing  on open b r ig h t days than  ori over e a s t  days» Maynard: (6) 

s ta te d  th a t  p h y s ic a l  re g u la tio n  operates under conditions-' of in c reasin g  

environm ental tem perature u n t i l  th e  re g u la tio n  i s  no longer ab le  to  cool 

th e  animal body. At t h i s  po in ts  a super-norm al body tem perature and an - 

increase: i n  metabolism re su lt#  - ' .  ̂ . . .

■ Hot: weather i s  a d etrim en t to> l ib e r a l l y  fe d  fa tte n in g  c a t t l e  g in d i­

ca ted  M orrison {? )» More h e a t i s  produced 'by  chewing^ , dig estingy  and ■ 

a ss im ila tin g  the feed  than  i s  re q u ire d  to  m ain tain  the body tem perature# 

P hysica l re g u la tio n  by th e  a c tio n  of in c reased  re sp ira tio n , r a t e s s even to  

th e .p o in t  of p an tin g s i s  c h a r a c te r is t ic  of the animal e f f o r t  to .d isp o se  

of excess body h e a t when under h igh environm ental tem peratures» High 

anim al tem peratures and' r e s p ir a t io n  r a te s  ■ a re  accompanied by im re a se d  .



metabolism and a g re a te r  demand f o r  nutrients®  : > Therefores fa t te n in g  

ea ffle . produce le s s  rapid, gains than  would be;expeeted  in  a mere '' 

com fortable environment® Y 1#-: -v;

Discomf o r ts  o f c a t t l e  j, due to  c lim a tic  s tr e s s  $ have been a sso c ia te d  

. by MulXick e t  alo (8 )2 w ith  decreased feed  - in ta k e «- Mozicing w ith  d a iry  

cows under, c o n tro lle d  tem perature c o n d itio n sB a g sd a le  e t  alo (9) found 

th a t  in c reasin g  tem peratures above, the normal n o tie ea b iy  decreased  fee d  

consumption and m ilk production^ ; .

According to  Dukes (2 )s anim als rem ain com fortable under normal en - ' 

v ironm ehtal co n d itio n s by msans of ra d ia tio n ^  conveetioxij, conduction  and ' 

w ater vaporisation®  As. a consequence^ the body .temperature and metabolism 

a re  mot. m a te r ia lly  increased® ' : Hie anim al5 s co n d itio n  - shows g re a t  change ̂  . 

howeverg when the environm ental tem perature r i s e s  above th e  normals and 

the  anim al system is :  no lo n g er ab le  to  p rev en t’r is e s . in  body tem perature 

and in c reases  in  itetabolism® / . - -

Winslow and H errington  (13) e f f e c t iv e ly  ch arted  the b a s ic  p h y s ica l 

and p h y s io lo g ic a l f a c to rs  upon which h e a t in terchanges depends

E vaporation  Convection B ad ia tion  

P hysica l F ac to rs  -  ̂ - 1; A

A ir tem perature X r X

A ir movement X :• X

\.:-;-''&'iatiVe-’h u m i d i t y -»% . % -

Mean ra d ia n t  energy .1-. X : ■



Evaporation Conveotiom R adiation  

' P h y sio lo g iea l F ae to rs  ■■ - , '  - ' : ' 'Q

, - Da Bois surface  a r e a ; / V' :v ■ ; ' .% - % ,. ' " 'i' -

■ E ffe c tiv e  ra d ia t io n  a rea  ■ : . ; i  ' i

■ Area of _evaporating " : /  V ’ ; - ;

; su rfa c e■ .•■■■■■.. ■ X ■ ■ : v - '\X v / : -

Piean sk in  tem perature .' . - X X

A vailab le  m oisture fo r  \  , v  '

; evaporation  ■ X . ; : • ■i- y. , f

Many workers agree th a t  more e f fe c t iv e  co n tro l of r a d ia t io n  and. mean 

ra d ia n t  energy c o n tr ib u te s  much to  the p h y s ica l com fort and e f f ic ie n c y  of 

c a ttle , during h o t w eather o V -

Brody ( l )  recommended the  red u c tio n  of so la r  r a d ia n t  em rg y  upon/'yi ' 

anim als to  perm it g re a te r  animal=-heat lo ss , and a r e la t iv e  in c rease  in  yy : 

anim al • e ffic ien cy o  .  ̂ "

The e f fe c tiv e  r a d ia t io n  of the suns rep o rted  K elly  and I t t t t e r  (5)® 

can be reduced con sid e rab ly  by the use of shades and o th e r  s im ila r  

a r t if ic ia lm e a n s o  An example from th e i r  work dem onstrates th e  h ea t i n t e r -  

changes between an anim al and i t s  environment as fo llow s s

: . " : . ' . Mo Shade - Shade '!• -

Heat exchange by r a d ia t io n

(BTO/hr) : ■ : ' =>2W , , 4 3 #  -

Heat exchanged by convection .

(BTuyhr) ; . :

= 567 : \ 4 777



: Heat movement■ away from  tiie anim al body i s  rep re sen ted  by the p o s itiv e  • v 

v a lu ess w hile  h e a t raovement in to  fhe anim al i s  rep resen ted , by the  negative  

v a lu e s . ' . . ■ - . . '

The e f f e c t  of shade on p h y s io lo g ie s !  re a c tio n s  of H ereford and H ereford- 

. BrahmaB e r o s s b r e d c a t t l e h a s  been s tu d ied  and reco rd ed  by I t tn e r .a n d  :

K elly  (!{.) and K elly  and I t t n e r  (5)o ' Their r e s u l t s  show th a t  shade s tru e -  

tu re s  e f f e e t iv e ly  reduee. the h e a t in tak e  of anim als in c id e n t ' to  the 

abso rp tion  o f  ra d ia n t  ehergy from the sdn® High shades (10=12 f e e t  h igh) 

co v ered ‘w ith straw  adequate ly  reduced: th e lsu n f s. r a d ia n t h e a t upon':live-=.

St o o ,  ■■ ■■ ■■■,- , - - V -

: ;,v:; ' . BXFERIMEmL PHOGEDUEB- . i  :; v : , : .

 ̂  ̂ '' ; ■ ■ Pre= te s t  Procedure .X 1 ■ ■ ='f ’: iv,: .

TWenty=»seveh y ea rlin g  H ereford s te e r s  were s e le c te d  seventy-one 

day's (A pril .19s 1951) p r io r  t o  % e o f f i c i a l  s t a r t  of the  test® The s te e rsX  

p rev io u sly  number branded^ were weighed and placed, on a p r e - te s t  r a t io n  

a s  a s in g le  group. The p r e - te g t  r a t io n  (fed  f re e  choice) co n s is ted  of 

.chopped a l f a l f a  hay, h eg a ri s i la g e 3 r o l le d  barley^ and co ttonseed  meal® 

tB lo c k 's a l t  was provided in  abundance® The;, ro lle d  b a r le y  and co ttonseed  X 

meal were in c reased  g rad u a lly  u n t i l  the co n cen tra te  le v e l  of the ,fa tte n in g  

' r a t io n :  was e q u a l le d . . Records o f  feed  consumption were k ep t fo r  the  e n t i re  

group® : . t  X ;:-  ̂ . r - : ' X  ■ V,

■ Forty-m ine days a f  t e r  the  beginning of the  p r e - t e s t  period^ t h e . .. 

s te e rs  Were in d iv id u a lly  weighed and g iven  co n d itio n  scores® , On the  

•basis' of these w eights and sco ress-' the s te e rs  were assigned  to  three



groups of n±B@ p er ursli*

Each group was p laced  in  an in d iv id u a l pen and fe d  the  experim ental 

r a t io n  (Table I I )  f r e e  choiceb AH th re e  pens rece iv ed  id e n t ic a l  t r e a t ­

m en t and were f u l l y  exposed to  the suno During th i s  p e rio d  feed  consumption , 

records were kep t f o r  each in d iv id u a lp e n 0 O bservations of group feeding  

h a b its  were made and r e s p i r a t io n  r a te s  were recorded fo r  anim als s e le c te d  

a t  random w ith in  each pena , ; . -

On June 18s 1951s a l l  s te e r s  were weighed in d iv id u a lly , and given 

co n d itio n  scores^ and the p r e - te s t  reco rd s  were e lo sedc The in d iv id u a l 

g a ins fo r  the  e n t i r e  p r e - t e s t  p e rio d  of 60 dayss and the  feed  consumption 

reco rds f o r  th e  l a s t  e leven  days of the p r e - te s t  period^ 'w ere used to  

determ ine the e q u a lity  o f th e  th re e  groups to  be used in  the  subsequent

'■ ; ' ;V ' ' '' - :: :: v : ; ■
During the  eleven  days follow ing th e  conclusion o f the p r e - te s t  

period^j; shade s tru c tu re s  were e rec te d  in  two of the  th re e  pens® The shade 

s tru c tu re s  (IQ f e e t  wides 18 f e e t  long.and 10 .f e e t  h igh) were co n stru c ted  

of g a lv an iaed -iro n  roofing  and were open on a l l  s id es  w ith  a v e r t ic a l ' 

back-drop extending If. f e e t  and 8 inche s from the  top o f the  s tru c tu re  on 

the w estern exposure® At 1:00 p®m®, each  s tru c tu re  provided a shaded 

a rea  of 10 x  18 f e e t  a t  2k and. kZ inches above the ground su rface« B iis  

provided a minimum of 20 square f e e t  o f shade p e r  animal® As the a f t e r ­

noon; progressed^ each shaded a rea  in c reased  in  depth® At 5:00  p®m®g 

the shade c a s t  by each s tru c tu re  o ffe red  an a rea  of l5  x  18 f e e t  a t  2ii- 

ahd h2 inches above the su rface  of the ground® Diagrams of the shaded 

area  are  provided in  F igures I l i a  and Illb® . :

The shade s tru c tu re  in  Pen 1 was e re c te d  5U f e e t  from the fe e d



troughc A s im ila r  s tru c tu re  was lo c a te d  a t  a d is tan ce  of 10 f e e t  from tiae 

tromgh in  Pen 2o The shade was ' so located,, in  the l a t t e r  ea seg th a t i t  

■ e a s t  a shadow in  the  v ic in i ty  of the feed  during th e  h o t afte rnoon  - ■ ' '

, Tes t  Procedure. - ;

With th e  beginning of the o f f i c i a l  t e s t  period^ June 29s 195ls the  

a llo tm en t of tUe anim als remained as in  th e  l a s t  phase of the p r e - te s t  

period* The groups were assigned  to  the t e s t  pens by random se lec tio n *  t  

■ In d iv id u a l s te e r  w eights were taken  a t  t h e :s t a r t  of th e e x p e r im e n t3 a t  

ih te rm it te n t  in te rv a ls  and .also a t  th e  conclusion  of th e  te s t* ; Feeder 

- grades- and cond itions scores were assigned  e&eh s te e r  a t  the beginning 

' o f .th e  t e s t  and again  a t ,th e ;  end of the feeding  periodc -

AH th re e  pens » r e  fe d  f re e  choice* Feed was supp lied  each morning 

and evening and feed  consumption .records were kep t by pens fo r  the dura- 

t i o n  of the te s t*  . The fa tte rix ig  r a t io n  (o f c o n s ta n t percentage composi­

t io n )  co n s is ted  of h eg a ri s ilag e^  chopped a l f a l f a  hay^ r o l le d  b a rle y  

and co ttonseed  meal (Table I I ) * S a l t  was c o n s ta n tly  a v a i la b le * . ,

Temperatm’e and hum idity  reco rd s  (Table V) were ob tained  from the 

W niversity  o f : Arizona Weather Statiozio Environm ental tem peratures a t  

the t e s t  lo c a tio n  were f re q u e n tly  recorded from Maximm-Minimam tiie r-  

1 mometerso Atmospheric tem peratures a t  the t e s t  lo c a tio n  were recorded  

in  the shaded a reas  and in  the d ire c t  su n lig h t a t  bo th  the h e ig h t of 

the standing  anim al (approxim ately #2 inches above the ground su rface ) 

and a t  the h e ig h t of the anim al ly ing  , down (approxim ately 2h inches 

a b o #  the  ground su rface  )* :



.; F requent observations of the anim al feed ing  h a b its  and a c t iv i ty  .in - : '

■ ,eaohv'ben: ‘̂ eeordeS ■ i : ' : ' _: "

'V: 'E esp ira tion . r a t i s :  were determ ined a t  in te rv a ls  by observation  of .

: f  lank  moTemehto ■ The r e s p ir a t io n  .ra te s  o f ; se v e ra l s te e r s  in  each pens ■

se le c te d  a t  random^ were, observed and recorded  under varying eniriron= 

mental; eonditionso ABie environm ental tem peratures were recorded  a t  the 

time o f th e  re sp ira tio H  cguntse -, % " : ' / ' ' . - :

S iade diagrams were m de a t  the beginning of the  t e s t  and a t  lOeday ;

■ in te rv a ls  th e re a fte r^  w eather p e rm ittin g 0 - ' . ' : '  ̂ ,

: r The experim ent was concluded a f t e r  n in e ty -e ig h t days= In d iv id u a l : : ;

. w eights and eond itiph  sco res were ag ain  recorded  and t h e ' exeess f  e.ed was r. ? ; > 

weighed backo In d iv id u a l gains were analyzed s ta t i s t ic a l ly '^  and the 

e f f ic ie n c y  of feed  u t i l i z a t i o n  was c a lc u la te d  by .pens0 -  ̂ ;>>';■ > ' jv

; i \  ; v vi 'v ' ■ ■' ' v

, : Pre- t e s t  R esu lts  : f . ' .  '•

Average gains p e r head;and average d a ily  ga in s, based upon the - v- ' v

p r e - t e s t  p erio d  o f  60 dayss a re  shown on Table I c I t  m y  be noted in  ; - 

th i s  ta b le  th a t  Pen 1 gained  167e8 pounds as  compared w ith  lli9o5 pounds ;

and 15>3olt pounds recorded  fo r; Pens 2 and 3 re sp e c tiv e ly 0 Howeverj,

' variance analyses based upon th e  methods of Snedecor. (U )  in d ic a te d  th a t  .■< 

the d if fe re n c e s : were i^ ig n i f i c a n to  Table 1 a lso  shows the average;. 

d a i ly  cdnsjm ption . to  be comparable f  or a l l  lo t s  o ' V .



: ' ' / ■: T est R esu its  ' ' . ’ ; . ■; '

: ; Bie r e s u l t s  of the t e s t  period  are  summarized in  Table I I Io  The

s te e rs  of,Pen  2S provided shade .a t the feed  trough^ gained 2oh pounds 

dailyo Ih e a n im a ls  in  Pen X® id .th  the shade lo c a te d  5h f e e t  from the 

feed  troughj made average gains of 2=1 pounds whieh exceeded tW

• pounds recorded foar the unp ro tected  s te e r s  of Pen 3 0 ■ ■

: t  Ihe , d a ily  feed  consumed by Pen 2S shown as 35o7 pounds p e r  head3'

was s l ig h t ly  g re a te r  than  fo r  Pen 1 (recorded a t  35®3 pounds)^ while

• Pen 3 eoBsuited only Sitol peunds per dayo V - . ' . " r

. . O bservation' of anim al feeding  h a b its  (Figure I )  rev ea led  the 

tendency fo r  a l l  th re e  groups to  fo llow  a s im ila r  tre n d  in  the morning 

V and la te  a fte rn o o n 0 However5 the h a b its  during the m id-afternoon -- 

•Varied in  t h a t  more. s te e rs  o f  Pen 2 s ta r te d  feeding  e a r l i e r  than  the 

s te e r s  in  Pens l and .3® • : v: •• ' • ;( . ' :

The r e s p ir a t io n  r a te s  (Figure I I )  showed th a t  a d d it io n a l  s t r e s s  

was su ffe re d  by the  s te e rs  of Pen 3 as the environm ental tem peratu re .

. ihereasedo Increasing  environm ental tem peratures a f fe c te d  the  s te e rs  

©f Pens 1 and 2S bu t th ese  anim als d id n 't  show the d iscom fort e x h ib ited  

:by the s te e r s  of Pen 3» ; : ■-::i  • • :: ;• :

: fiie feed  per pound of gain*, recorded fo r  each pen9 p resen ted  a

tre n d  opposing th a t  observed f o r  the d a i ly  fe e d  consumedo: Pen 3 re~

: q u ired  l8o3 poundso Pen 1 u t i l i z e d  1608 pounds^ and P en ;2 (req u irin g  

the l e a s t )  consumed 15<> 1 pounds o f  feed  p e r  pound of g a in 0 

l .1-' v - fiie s te e rs  i a  Pen 2 made the itiosi economieal g a in s3 as in d ic a te d  

on Table I l i a  The cost, of | 0 o26 p er pound of g a in  fo r  t h i s  group was 

app rec iab ly  lower - than  the f0o29 and |0<,32 recorded f o r  the  animals of



10

Pens 1 :3 respeetivelyc, •

;• The net return of Pen 2 exeeeded the others by returning #27=82 . :

per head5 -ishile Pens l  and 3 f  ollowed with re turns of $19o lij.. and «|3J c 05 

per head respectivelyo % 'v ■I 'V"-;- : - ■. • ; -  ; .1 ;

: : : ■ DISGUSSIOM A¥B G0NGLUSI0NS

y l P r e t e s t "  P e rle d : ■ :V ; j

, Hie re su lts"  of the p r e - te s t  p e rio d  provided, a  means of ev a lu a tin g  

the gains "between the  pens and the  In d iv id u a l ga ins w ith in  pens. Upon

: v comparison (Table !)« i t  was noted th a t  the s te e rs  of Pen 2 showed/a ■

: lower- in d iv id u a l g a in  than  d id  the s te e rs  of Pens 1  and 3« - V ariance « - -

, analyses o f the mean=gains between pens (Table I )  in d ic a te d  no s ig n if i=

" can t d iffe ren ce  So . _ - v ;  ̂ ,:  : . :

The feed  reco rd  fo r  the p e rio d  June, T to  <hine' 189 l$ 5 l  (Table 1) 

provided a measure of th e  average, d a i ly  feed  consumpti on f o r  th e  period^ 

by pengo This reco rd  shows th a t  the th re e  pens consumed eq u a l q u a n ti t ie s  

• of f e e d o .; i'-'p-" ^  , p  ; . , ; -  ' i ; '  - -' -. .

: Feeding h a b i ts s anim al a c t i v i t y » and r e s p ir a t io n  r a te s ' fo r  the

p r e - te s t  p e rio d  showed th a t  th e  th re e  pens reac ted  the ; same u n d e r ; 

eomparablB envirdn tten tal co n d itio n s  = . : . -

th e n  su p p lied  the  morning r a t io h 3 a l l  o f th e  s te e rs  in  each pen 

. s ta r te d  t© feed  im m ediately0 T h irty  minutes a f t e r  th e  feed ing  two or .

. th ree  anim als remained a t  the fe e d  t r o u g h T h i s  was c h a r a c te r is t ic  of

, a H  th re e  penso U sually  around 10:30 aoitio s a l l  th e  s te e r s  were d isp e rsed  

- about th e ir, pens b u t none ̂ w ere: feed in g <? During the day,, the s te e rs ' r e -



mained s c a tte re d  about each pen taking w ater o ccas io n a lly  b u t they  were 

- in d if fe re n t ,  te  .feed u n t i l  a f t e r  the evening feed in g 0 In  general^, none 

of the anim als of the th ree  pens in d ic a te d  any in t e r e s t  in  the evening 

r a t io n  m f i l  $ s 00 p 0 ffi6' o f  . l a t e r » a t  which tim e th ree  or four s te e r s  of 

each pen would begin  to  fe e d c - - " ‘ ■ ■: . 1  ;; v '

During, the time th e  s te e r s  were d isp e rsed  about th e  penss the same 

degree of com fort and range' of r e s p ir a t io n  r a te s  was observed among the  

th re e  groups® Tne r e s p i f  a t io h  r a t e s  on June l6 s 19^1 were v ery  much 

the same f o r  a l l  th re e  pens® From 9°00 to  10 gG0aemo 3 the average, 

r e s p i r a t io n  r a te  of each pen was about 85 p er minute2 izdiile between 

10 .00 and 11:00 aoinos th e  . r e s p ir a t io n  r a te  .average of each pen was 102 - 

p e r m i n u t e o A t  5s00 pomoy th e  re s p ir a t io n  r a te  average o f each pen was 

: about @0 p e r  minute® Ihe maximum and minimum tem peratures on reco rd  

fo r  t h a t  day were 103 and 60 degrees F® re sp e c tiv e ly  a t  the U n iv e rs ity  

of Arizona Weather Station®

.- The p r e - te s t  observations^  comparisonsg and s t a t i s t i c a l  analyses 

in d ic a te d  th a t  the s te e rs  were uniform ly a l lo te d i  ihe ev a lu a tio n  of t te s e  

d a ta  th e re fo re  streng thens the hypo thesis  th a t  the d iffe re n c e s  i n  the 

t e s t  r e s u l t s  were in ch o a tiv e  o f the d iffe ren ce s  in  treatment®

' ;V /  v V . . ; . -  ' . f e s t ’Pe.ridd 1  V .V . V; ;

Die e f f e c ts  of shade and shade loca tion^  fo r  th is  experiment^, 

assumed a d e f in i te  tre n d  as shown in  fa b le  I I lo  . E v a lua tion  of the  f in a l  

, r e s u l t s  rev ea led  outstanding d iffe re n c e s  between the th re e  pens of s te e rs  

f o r  the  t e s t  p e rio d  of n in e ty ^ e ig h t days® '

. fa b le  H I  shows th a t  the in d iv id u a l g a in  of 232® a pounds^ recorded



: f o r  th e  s tee rs , in  Pen 2‘, during •fee t e s t s  was the h ig h e s t g a in  made under 

th e  th ree  trea tm en ts compared,. Shade was proTrided near, th e  feed  trough 

in  th i s  pen0 The s te e r s  in  Pen w ith  th e  shade provided a t  a more 

remote lo ca tio n ^  gained 205„ 6 pounds| these  : i n  Pen 3 wi thout  b e n e f it  o f 

shades gained only 183 o ii poundso I t  may be noted in  F igure IV f e a t  the 

g a in  re la t io n s h ip s  in d ic a te d  above were reasonab ly  c o n s is te n t throughout 

the feeding  p e rio d . The g a in s in  Pen lg however^ were, somewhat e r ra t ic ^  

fee d iffe re n ce s  in  in d iv id u a l gains were analysed  by fee methods of 

Snedecor- (11)„ and the r e s u l t s  of these, ana lyses a re  shown in  Table IVo 

As observed in  th i s  ta b le g the gains of Pen 2 exceeded th o se  o f  Pen 3 

by a h ig h ly  s ig n if ic a n t  f ig u re  o fee anim als of Pen 2 made h igher gains 

than  d id  th e  s te e r s  of Pen 13 and the d iffe reh ce  s approached s ig n ifican ce  

a t  the levelo  A ll o th er comparisons proved in s ig n if ic a n t,.

The d iffe ren ce s  i n  the in d iv id u a l gains made by the s tee rs j, sub= 

je c te d  to  th e  th re e  trea tm en ts  p re v io u sly  o u tlin ed ^  can be asso c ia ted  

n o t o n ly  w ife th e  presence ©r - absence of shade . and w ith fee shade 

loca tion^  b u t more s p e c i f ic a l ly  w ith th e  d iffe re n c es  in  feed  consumption^ 

feed ing  h a b i ts 5 r e s p ir a t io n  r a te s  and e f f ic ie n c y  of feed  u tilisa tio n ®  .

As shown in  Table I I I j  the s te e rs  in  Pen 2 consumed 35° 7 pounds of 

fe e d  per head daily® This f ig u re  s l ig h t ly  exceeded th e  35=3 pounds 

recorded  f o r  Pen 1  and th e ; 3lt®3 pounds recorded  fo r  Pen 3® While these  

d iffe re n c e s  are  sm all and w i l l  account f o r  l i t t l e  d iffe re n c e  in  gains a : 

th ey  suggest some in flu en ce  of trea tm en t upon feed  consumption® ;

Since fee s te e r s  in  Pen I I I  were provided no p ro te c tio n  from d ir e c t  

s o la r  r a d ia t io n s and since th e  anim als of Pen 1 were su b jec ted , to  the 

s a w  cond itions w h ile  feed ing  during the day3 the above conclusion  i s  in



accord w ith th e  f in d in g s  of M ullicks Murty and Kehar (8 ) and Ragsdale 

e t  alo {9 ) 0  The fofiaer re p o rte d  th a t  d iscom fort due to  c lim a tic  s t r e s s  

i-e s u ite d  in  deereased fe e d  in tak e  s while Ragsdale found th a t  in c reasin g  

the body tem perature above the normal a f fe c te d  both fe e d  consumption and 

milk p roduction  adversely,, ' ' ■ : . ' . .. : V; '' r

Hot only were the d iffe ren ce s  in  the th re e  trea tm en ts  of the ex p e ri­

m ental c a t t l e  a s so c ia te d  w ith  d iffe re n c e s  in  d a i ly  feed  consumption- b u t 

trea tm en t a lso  ex e rted  an apparent in flu en ce  upon the time of consumption. 

The l a t t e r  i s  i l l u s t r a t e d  in  Figure I  which i s  a g raphic  reco rd  of the 

average number of s te e rs  observed feeding  a t  v a rio u s  hours throughout 

th e  day.: ' ^  , V  ' .

It.m ay  be no ted$ in  the f ig u re  described  aboves t h a t  the  s te e r s  of 

Pen 2 were away from the  feed  trough f o r a  somewhat s h o rte r  p erio d  

during th e  h e a t of th e  day than  were those in  Pens 1 and 3 ,  Of equal 

im portance i s  the. f a c t  th a t  an in terchange of anim als a t  the feed  trough 

occurred fre q u e n tly  in  Pen 2 during the p e rio d s  in  which only one or two 

anim als w ere: observed feed ing  a t  a given in s ta n t .  This d id  n o t occur to  

an appreciab le  e x te n t in  the  o th er two pens, '

A r a th e r  s t r ik in g  d iffe ren c e  was found in  the feed  consumption 

h a b its  of the; .animals in  Pens X and 3= Although the p e rio d  of in a c t iv i ty  

was of s im ila r  d u ra tio n  through the h e a t of the  day^ more animals in  Pen 1 

‘ began feeding  a t  5s00 peim* o r sh o r tly  th e r e a f te r = This i s  apparent in  

F igure 1= .■

■ The feed  consumption h a b its  observed in  each of the th ree  pens 

seem ingly account fo r  the d iffe re n c e s  in  fe ed  consumption. However, 

these  da ta  must be su b s ta n tia te d  by fu r th e r  o b serv a tio n s .



: ■ :■ ^

. The feed  in tak e  and accompanying fe e d  consumption h a b its  under ; 

the ,various- environm ental eo n d itio n s  ean be explained p a r t i a l l y  by the 

d iffe re n c e s  in  c lim a tic  s t r e s s  as r e f le c te d  i n  the  r e s p ir a t io n  r a t e s  . 

recorded in  F igure l ie

D iscom fortss due to  c l im ti©  s tre s s^  were p a r t ic u la r ly  ou tstand ing  

among th e  s te e rs  of Pen 3$ a co n d itio n  idiich was no t as ev iden t, in  

Pens 1 and 2° On c le a r  b r ig h t days the  r e s p i r a t io n  r a te s  observed in  

; Pen 3 c o n s is te n tly  ranged h ig h er than  the r a te s  of the o ther two pens»

I s  shown bn  F igure I l s the average r e s p ir a t io n  r a te s  o f Pen 3 ranged from 

20 to  30 r e s p ir a t io n s  per minute f a s t e r  than  the average o f the two 

shaded groups5 These d iffe re n c es  are  in  accord w ith Ehoad (10)s 

G aalaas (3) and M orrison (7) v h o  a sso c ia te d  in creased  atm ospheric tempera­

tu re  w ith  in creasin g  r e s p i r a t io n  rates®  The d iffe ren ce  in  r e s p ir a t io n  

r a te  i s  of profound im portance when i t  i s  considered  th a t  th e .av erag e  

re s p ir a t io n  r a te  of c a t t l e s a t  r e s t s i s  10 to  30 r e s p ir a t io n s  per minute3 

as has-been in d ic a te d  by Dukes ( 2). -

I t  i s  concluded th a t  the shade s tru c tu re s  i n  Pens 1 and 2 e f f e c t iv e ly  

reduced the s o la r  r a d ia t io n  to  such an extent th a t  th e  s te e r s  in  these  

two pens d isposed of body h e a t more e f f i c i e n t ly  than  did the unpro tected  

s te e r s  in  Pen 3 o This conclusion  compares fav o rab ly  w ith the re p o r ts  of 

both K elly  and I t t n e r  (3) and Brody (l)®

E ff ic ie n c y  o f feed  u t i l i s a t i o n  follow ed in  the  same o rd er as feed  

consumption® The s te e rs  of Pen 2> w ith the shade c lo se  to  the feed  

troughg were the most e f f ic ie n ts  req u irin g  I*?.! pounds of feed  p er 

pound of gain® Pen l s w ith the more conventional shade lo ca tio n s  and 

Pen 3 S w ith no p ro te c tio n  from th e  suns re q u ire d  16® 8 pounds and 18®3 : .



The h igher feed  requiremeirfc p er pound o f g a in  in  Pens l  and j  

agreed. id.th Ragsdale' e t  a l 0 "(10) im th a t  the h igher environm ental tempera== 

tu re  decreased p roduetion0 1m addition.., feed , consumption was n o t as uni= 

form, throughout the day dn Pen 1 ; as in  Pen 23 since th e  anim als in  %he : '• 

form er ease nere in c lin e d  to  l in g e r  mnder th e  shade lo c a te d  a t  some 

d is tan ce  from th e  feed '-supply 0 Based upon, th e  r e p o r t  of Brody ( l ) th ese  

d iffe re n c e s  in ' feed ing  h a b its  should accounts to  some ex ten ts  f o r  th e  

d iffe ren ce  in  the e f f ic ie n c y  of Pens 1 and 2» ; . .

I t  n a tu ra l ly  fo llow s th a t  feed  c o s t p e r  pound of g a in  should be . /  

c o rre la te d  p o s it iv e ly  ic ith  e f f ic ie n c y  of feed  u t i l i z a t i o n .  As recorded 

- on - Table l l l s the  s te e r s  of Pen 2 showed the g r e a te s t  economy of g a in  i ' . 

w ith  a  c o s t of f 0o26 p e r poundo iPens 1 and 3 follow ed w ith  c o s ts  o f , ,; 

$0 o29 and $0«32-per.pound of g a in  're sp e c tiv e ly c

Net re  tu rn s  I, as shown on T able. I I I S in d ic a te  an in te re s tin g ; r e s u l t  

of t h i s  t e s t !  the. s te e rs  of Pen 2S w ith the sh ad e .n ear-th e  fe e d  trough3 ^

re tu rn ed  $27*82 p er hehdg w hile th e  s te e rs  of Pens 1 and 3 averaged 

$ l$o lh  and, $13a0$ p er head resp ec tiv e ly ,. These d iffe re n c e s  in  n e t  re tu rn s  

were a t t r ib u te d  to  the corresponding d iffe re n c e s  in  ga ins and fe e d lo t  

e f f ic ie n c y  as shown on Table IIL ,

The' t e s t  described  in  th i s  paper9 w hile no t e n t i r e ly  conclusives 

. in d ic a te s  th a t  p ro te c tio n  from the sun i s  o f  importance during the summer 

feed ing  p e r io d  and th a t  shade lo c a tio n  in flu en ces  feed lo t'p e rfo rm an ce0 

:Because of- th e^ d iffe ren ces  in  r a t e  of g a in , feed  consumption^ feeding 

h ab its^  f e e d lo t  .e ff ic ie n c y  and n e t re tu rn s  a sso c ia te d  w ith  the trea tm en ts 

described  in  th i s  rep o rt^  a r e p e t i t io n  of th i s  experim ent should  m erit. ; 

c o n s i d e r a t i o n ^ . T '
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Twenty-seven y ea rlin g  H ereford s t e e r i n  th re e  pens of n ine  head 

eachs were fa t te n e d  under d if fe re n t environm ental cond itions fo r  a 

period  o f  n in e ty -e ig h t days (dune 29> 1951 to October 5j> 1951)® A shade 

s tru c tu re  was conven tionally  lo ca ted  in  Pen 1 a t  some d is tan ce  from  the. 

feed  trough® A l ik e  s tru c tu re s, e ree te d  ih  Pen 2$ provided  shade in  the 

v ic in i ty  of th e  feed  trough during; the hot afternoon  p e r io d /  and Pen 3 

.was f u l l y  exposed to  the suae In d iv id u a l w eights were taken  and group 

feed  consumption reco rd s  were m aintained^ • '

-i. r W  of th e  te s t ''w e re  as fo lie w s i-1 ■ -u.. > ’ ; , . ■

.- I®; The .s te e rs  of Pen 2; made a c re d ita b le  d a ily  g a in  of 2»U pounds^ 

'w hile' those  of Pens 1 and 3 gairied 2*1 and l e9 pounds re sp ec tiv e ly ^

9 '2» Variance analyses of t o t a l  gains in d ic a te d  a h ig h ly  s ig n if ic a n t  

d iffe re n c e  between the ga ins in  Pens. 2 and 3> The d iffe re n c e  between;

Pens 1 and "2 approached s ig n if ic a n c e  a t  the $% level® . .

v ' - 3 , ' The average feed, consum ption‘between pens was r a th e r  close® ' .

' However^ the s te e rs  of Pen 2 consumed. 35® 7 pounds of fe ed  p e r head daily^

; which s l ig h t ly  exceeded the  35a3 pounds recorded  for. Pen 1 and the; 3ii®3 

pounds; reco rd ed  f  db Pen 3# t  .;-' "..y- '-;; : ; . .h . - y

h v ; The h ig h e s t f e e d lo t  e f f ic ie n c y  was shown by pen 2y re q u irin g  15® 1 

pounds o f feed  p er pound of g a in /  while Pens 1 and 3 re q u ire d  l 6«, 8 pounds

. and l8o3 pounds of f  eed p er pound of . g a in  resp ec tiv e ly *  y

So The s te e r s  b f  Pen 2 showed th e  g re a te s t  economy of ga in  w ith  a ; '

. co s t of;;$0e 26" p er pound, This f ig u re  compares fav o rab ly  w ith  the co st o f 

$0o29 in  Pen 1 and $0<,32 in  Pen 3» ■:



■ 6o Witii a. n e t r e tu rn  o f $27*82 per head th e  s te e rs  of Pen 2 sur« 

passed the' average n e t r e tu rn s ' of Pens 1 and 3 by: $8<,68 and $llb77

.-s.

-'3-
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FliE-IBSf HSIQB jLHKE' 19$ Ip S l -  . ;' .;'

■ ' - : ; (p e r .lieafl M s is )  : . /' / y %' :: /

I&t mmber  ̂ : ; ' i - : 2

Mumber ef- head. '

F in a l ie d ^ h t-Ju n e  18a 1951 ( lb s  ) - 675=6 - 6̂70.6 672=8

I n i t i a l  \weight A p ril 19® 1951 ( lb s )  5Q?°8 ;521* i  ' 5l9=&

to ta l  g a in  ( lb s )  ' 1 r;/ y W » 5  ' 153=1.

;Baily^gain -: ,' : . 2=8 ; '.:2=5 - ' 2=6

Bally- feed  consumption ( lb s ) ■ . ■ , 32oT'
1 : I 8g 1951 . i :’ 5

: 32.7- y32=7: '

- V 1 E I A M C E  AMLYSiS OF GABIS BEWEEH EEHS

V a r ia b i l i ty  due. to? BF Sum' of
/I/': . ' = squares

(Ifeaa ; ' .  
Square .

F-x-

1 VS 2 . : ' ■ ' ' ; : 'i  . . ' : " 5 '

Between in d iv id u a ls  ■ 16 1%577«8 911=1

Between groups , ... 1 . l a5l2o5 2.,512=5 ■ .
' Ib 66 ’ ;

' . : % ' v. ' ; , . - : " ' ;

Between .in d iv id u a ls  , 16 ■. ' 9S355=6 ' 5%= 7 v ' ;; z-i : - ■.;
Between groups , I  ,. , 938=8 ' 938=8

■ 1*61

:t vs ' 3.  ' •: ' ■' ' . . ' ■ ■' 1 ' .r 1 , :

Be tween in d iv id u a ls  16 l l s822o2 738=9

Between-groups: ' - ; : l  : ; ' 68.0 68=0
0=09

#  signifi© aaee- -at th e  5% le v e l  i s  #



EXEEHIMEKTAL EA.TIOK

Compositi®a - Pereent :: V . Average D aily ' Ra t io n  Per Head,

• V ■ " .  ̂ : - F e n  1  . ;  ‘ P e n  2  - "v  : "  3

■A lfalfa Hay ■ 9: ' ' 3 .2  • ' . 3 . 2% \  - ' : " / 3 o l
(# G p p e #  ; :  - ' ' : "  -  - . / -  ■: -; - :

H egari S ilag e : • / ; ■■- '21.-2 . Z ld i 20.6

Barley- C e l le d )  ' ■ 28 : ' 9 .8  10.0 V. 9 .6

G o tten see€ jfea l' " -< ' 3 ' 1 . 1 " '-i 1 .1  ^ V , lo 0 :
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■ SMEKT-( '̂'FEEmilljVEBHECEy. . ; . V- ’ 22

june 29/  i# r < u c T o m E  ^  /  .
(per heW  b a s is )

Lot zxmater : : ; . ' v ; , • '

: Nmiber of W a#  ̂ ;

" ;* ig h t ':0@t0V 5 y ;3 ^ :; '( to s  

Weight June 29y 1 9 5 1 ( ib s ) :

Total g a in  ( lb s )

D aily  g a in  ( lb s )  •

Total, feed  fe d  ( lb s )

Feed fe d  p e r head p e r  day ( lb s )  

Feed per. Ibo gain, ( lb s )  ' '

Feed c o s t p e r day ($)

Feed e q s t p e r  lb» g a in  (#)

Purchase w eigh t* ; ( lb s )

I n i t i a l  e o s t p e r head . (S)

T o ta l feed  e o s t (i)-; '

T o tal c o s t (S) . . ; r

Sale w eight *->:(lbs) " ' \

Gross r e tu rn  (#) ■: :-;i ■ , ''

Net r e tu rn  ($) ■.

S laughter grade .

Shoiee (number o f head)

Good' (mmWr of head)

* i n i t i a l  w eight le s s  h% . - ■ 
f i n a l  w eight le s s  h%

3

9;- ;5::: : : ( '; : ' 9

906.7(y:: ' : ,:9M ,9; ■( ( ''( 8 7 6 ,7

701,1 ' ■ ' 693,3

- 205. 6 - :: ( -232,2 183=4

2 ,1  ';(/ ' 2 .4 1.9

3 ,455 ,7 . 3 j, 494«3' 3 ,3 6 2 .5

35.3 35=7 34=3

1608 15=1 • 18.3

0 .61 - O062 0=59

- 0,29 0 , 26x Qe32

..d?3el 668,6 665,6

235, 66: # 1,01  232=96

: 59,85  - ' 58.23

295^51 : : 2 # 5 3  " ;  291,19

: 8 7 0 ,4 . 5 ' 891,7 ' 811,6 .

.;:'3l4o65w> ::( ::>22035: ' (304=24

' . 19,14 27.82 ■ ; 13,05 :

: I" . . ;̂ : 9 ■ : ( ' 8 ,

o(-:: ( Q  . ■ . i ' . l
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VARIANCE ANfi.LTSES OF: QAINS. PENS

Test period  Jxme 29s 1951 = October 5 A 1951

V a ria b ility ' . dae t©§ : : DP Sum 'of - . Ilean
;■ : . N. 1-1 ■ ' ■ squares1 . ;. square

. Between in d iv id u a ls  ;; 16:. .;^ .. 11s522o 25 .. , 7 20olij.

Between groups . ; ; ' 1  . 3 sO68:oQ0 3 s068e00

Between in d iv id u a ls  ’ 16 I3 sl!.22025 ; 838= 89 . '
'■.-■v: .. v - ' ::: ■ ' ' % ■ 2°65

.^^^Be-^eii^^oups1/ 1 ■ 2s 222o22 2s 222o 2 2 '

2 vs 3 ’ ‘

;; Between ind iv idua ls . : -16 • l ^ i C K 3 o 0 2 8 8 l o 2 5
C t . ■ ; ' ' V ' : . . ‘ 1 1 ^ 3 ^

Between groups ■ ■ . 1 10g5l2e50 10sj

x approaches sign ifieanee  a t  the 5 i  le v e l {k°k9} '

h igh ly  s ig n if ie a n t2 g rea te r than 15 sign ifieanee  (8.53)



SUMMARY OF HE W lH ER CONDITIONS AT :

; THE UNIVERSITY OF - ARIZONA WAHER STATION 

TUCSON, ARIZONA 

" 29$'  19SI -  October 5 ,

Temperature -x- Humidity **
High .Low 12 sN $%m

1 s t  P eriod   ̂ " . ; ' :
■■ - - :. ' ' ' . -■■ ■■• ; ■ . ' . ■ 

June 29 -  Ju ly  12 105^2 21.8 21=3

Ju ly  13 <= Ju ly  2 6 \  75*6 31=2 33 = 9

2nd Period, oov;'1 ';0 v o' 3:';: -r-v -' v o l ■ I

Ju ly  2 7 >  Aug= 9 ; - 99=6: : ' 73=1 . { 37=6 35=9

Aug. 10 = Aug. 2li . ; . 102=3 72=9 29=1 21=0

3rd  ie r id d  : . ..-O ' .  ̂ V ; ;  y  ' .

- Aug= 2lt -  S ep t. 7 97=2 67=8 31=6 33=&

Sept. 8 ° S ep t. 21 102=1 66=9 18=3 20=0

Ii.th Period  ■

A S ep t. 22 -  Oct. 3 - 95=7 61=1 ■ 29=1 : 25=6

degrees F ahrenheit 

** p e rcen t m oisture
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f- L g  u r  e I  
Fee d i ft o Ha hi F

NvimhcY
o f
Feeding

N uniher
of Animals  ̂
feeding ^

J .  . 

/

fl any ^Qttt 10am dam  /Zfy tpm Z P'** 3pm Vprr> Spni 6prr>

PEN 1 Tl me(f)urs)

Bam dam /Cam //qw IJlN I pm  Z.pnr 5 pm V-pm Spm  fa pny

PE,N E J l m

NumJotr 
o f An* m ah
feeding

dam 94*i (Oam i/am *Z N /pm 2 pm 3pm lfpm Epm I  pm

P E P  J  Tim



Fc g ot r e U  
C om parative Respiralta/t

/  75 ■ •

/So*

R espirations
p e r

F i/n u ie

/ z s \

/  OO  - '

/

/O'-lOam I'ooptn t 0 6 pm Z'.Sopm I'.oOpr*
July % 1 1  Si Juk 1 1 9 5 / A u s u m  S t f l m s i  s tp iu jm  
tOQ'^flo* /08°F̂ a * l0S%Ha*
11% rt,** i r e n F  75% W * * U p M ' f

UWl/frslTu o f f l r i z e h l t \  li/eafJfr
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& u r  e I LI a
j / t  r  ^  j /  / / ?  /

^L
/

Z-

Shade c a s t  
shzc/t- c o s t
j/74a/< Cult
shade cas t

  1
  N o 'f t l  

F e e d  Fro 
S h a d e  s F

r

a t  Ip m .t HI i n c h e s  a 

a t  t p t v ,  ZH in c h * *  a 
a t  S p n i j  HZ in c h e s  o 
a t  6  prry.j Z *V i n c h e s  a

J o  / e e l

t4jh
uc_t ut'e^

Z.

bot/<. th e .  g r o u n d  
boot. hhc. g  ro u n d  
baue /Z>e ground  
hot/e t h e  g r o u n d
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F i g u t e  F llb  
Shade Ca s i

/
2

S h a d e  c a s t  
S hade C a s t  
Shade c a s t  
Shade Cast

  1  / n e h

—  /V ^r 1h
F e e d  TvodJ 
S/i <3. dc S tv

a t  t/o m .) hz 
a t  / p  n?) ZV 
a t  Spsn-j HZ 
a t  Spm .) Z^  
-  f o f e e  t

h
ac Luire.

/n

m e
/nc.
me

q f e s  a  6  cue th e. g r a u n d  

h e s  a h o u e  t h e  ( jya a n c t 
h tS  a h a v e  t h e  y r o u n d  
hes a hove the j r a u m t
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/- £ g  u

Average Weight Hu  r / z y  ^  Test Period

  A /i /  ( h a r

  A 'f/?  ( c l o s e  s h a d e )

 P e n  5  ( N o  s h a d e )

22C202


