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SUPPLEMENTAL FEEDING OF STEERS 
ON PASTURE 

WITH PROTEIN-ENERGY SUPPLEMENTS1 

W V A. BissChoft", LR.1. Quillli, (;. iL.(ia Hocha" 
and C. 0. Nlott 

Suiniiiary 
1. Increases linliveweight gail resulting from feeding 

concentrates on pature can be acco)ited for 1y the 
increase ill caloric intake. No direct respon se attrib­
titable to aill n'rcase ill protein intake was found ii, 
these studies. 

2. 	 (;razinig animals appear to substitute concentrate for
 
pasture forage 1)it at different rates dependi ig oii the
 
quality of forage. I)uIring periods of low-(ulalitv forage 
(winter-dry season), each increase of 100 gin. of 
T.1).N. supplied inl the concentrate resuhltd illa de­
crease illcoisuimiptio of 76 gi. of T.I).N. from pas­
ture foragc. l)uri ig periods of high-(lualitv forage
(summer- wet seas)i ),the sulistitl tioi rate was 86 gin.
of pasture TI). N. for each I100 gum. of T.]). N. suppl)lied 
illthe co'ncentrate. 

:3. 	 Nearlh all increass inl average gain per steer res~ilting 
from the feedig of c)n cenitrates occi irred during the 
winter-dr' season \li(ii forage (lualitv was low. 
Most of these increases in gain per steer disappeared 
during the sulsequent summer seasoi s, exce;t where 
2 kg. or more of con)ceitrate was fed per day. 

4. 	 Sinice the feediig of ciumciitrates oii plasture reduces 
the initake of f)rage, a true evaluatio)n of coucentrates 
should include the Ilocasil-ie(ient of their effect oin the 
carr'inig capacit, of the pasture. 

'Al i Alli;l oc 1f r sIr. ' r . ."AII)/ll1l C- 01Pr'o ' c icd out1110 4.1t U' o ntrac t
 
inBrazil.
 

2lResearch Assotuiahe,, IMl l1cscarch li~ti.. 
')lt Charge, PIl;sture h hslitilh..lm c'sti(".tiolls, IIM l1'scirul,

Chef, Sct'ito dhe Nutri ,.to A\nimal, lDelartanento (ltP'rd I,.oAnimal, SvC­
retaria (h,Agricultura dioEsialIo dc Sito Piaulo. 

Ti'rofcssor of Agronomy, Piriduelivelirsit, I,lfayi'th., Indiana. and former 
)irector of Research, IIIl Risearch nstituic.
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5. 	 Rates of gain of steers oi pasture were not affected by 
the addition of vitamin A or terramvciii to the sup­
plement.
 

6. 	 At a level of feeding of 500 gin. of concentrate per 

steer per day, the amount of salt in the mixture was 
not effective in reducing the intake during the winter 

season, buit the intake of' supplement was reduced 

with increasing increments of' salt during the summer 
season. 

Introduction 

The feeding of concentrates to growilig-tattening 
cattle in the tropical and subtropical areas is not a com­

mon practice either on pasture or in confinement. Inareas 

where there is a limited supply of either eliergy or proteini 
feeds, there is seldom ai left after the demands are metal 
for direct consumnption by humans and l)\' poultry, swine 

ald dairy cattle. :ks advalces in the technology of better 
crop productioi are applied inthe tropical and su)trop­
ical areas, more feed will become available for the )eef 

animal, especiall l)y-product feeds such as molasses and 

so'l eanl, peanut, cottonseed, l)al)ass oil and castor bean 
meals. Very little information is available to guide the 
farmers as to the formulation of supplements to use, how 

much to feed, and the responses and return which can 

)e expected. This is particularly true whenm supplements 
arc to be fed mnder past're conditions, since little in­
formmation is available relative to the mutritive value of 
tropical forage species and the nutritional re(quilrements 
of the animals which have to be satisfied to make up for 
the deficiencies of' the pasture herbage. 

The Brazilian rancher is developing an interest in 

improved feedin g systems to produce a 1)ettcr-quality 
product more econo'mically. With all increasiing demand 
for beef and more favorable prices, there is a greater 
incentive to devise higher standards of nutrition for his 

livestock. l3etter methods of feeding and management 

should result in 1) a younger slaughtering age, 2) 
much lower maintenance c'(asts in terms of feed required 
and money invested, 3) a smaller acreage requirement 
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of pasture per animal unit and for a shorter length of 
time, 4) a more rapid turnover of the capital invested 
in the livestock alnd its a consequetnce 5) greater profits
from the livestock e nterprise. 

Some results from feeding supplements on pasture 
sutggest that aninals merely silstitutte all or a part of 
their slt)pletllit 'IislittI tioptItm" forage, tlis reducinig
their intake of pastire an d int effect increasing the carry­
ing capacity of the pastllre.. lcClymont (1956) found 
that the response to s1t1)lements was only about 307 
of what light b e expected based oil the energy con­
stimed in the suj)phtIceut. (oombe and Tribe (1962), 
working in Australia, fomd that supplementing low­
(fuality rouIgliagcs with molasses an d iirca iicreased the 
feed iltake atd redliced the rate of liveweight loss of 
sheep. This sii(gTests that tinder soie conditions, sup­
l)lemints imay not replace forage coslmption but in­
crease intake, possibl 'hI)' ratey increasing of digestion. 
Iiull atd NIever (1962) fed 1)arlev, either rolled or 
groutiil, free chai ce to steers grazing alfalfa pasture and 
foliid that the carrIivitg capacity of the pasture could he 
dobled to 5.A head per acre, indicati tg that the cattle 
were substituting grail tfor a part of their grass cotnsuimp­
tion. Smith (1961 ) studied the effect of supplemetting
cattle grazing ll/parrluniaveld with 2 lb. per head per
day of pcamit meal during the dtrv win ter seasomn. This 
resulted iii a live\\weight gain of .63 lb. as compared with a 
loss of 1.55 1b. for atiimals receiving otl]h the grass. The 
grass cot taitled Smith, 1962 ) apprcximatelv 50(( digesti­
1Hie orgat ic matter atid oimh .6Y dige ,tille cetude protein at 
the Ibeginting of the dr seast t, aln ltdropped to 38, 
I).O..\l. a i anegative crlde proteit digestibility by the 
middle of the dry season. The voluntary intake of forage
dropped from 12 to S 11.per 1000-11. awimal per day
dring the same period. The author states that this forage
in the middle of the dry season is grossly deficient in both 
energy ald plotei l 

Becker t al.(1962), i a series of digestibility studies 
on Brazilian forages, fomttd the following T. I) .N. values: 
Panicum coloratiun, -13.1((; Buffelgrass, Pennisetum 
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ciliare, 54.0%'; Pallgolagrass, !)igitIariadecumbes, 62.7%; 
Guatemalagrass, Tripsacum laxum, 40.2'1; an d "Alfafa do 
Nordeste," Stylosantis .giiianensis,48.8(. Although these 
forages were not comparal)le wvith each other since they 
were not growltttdei" the same conditions or harvested 
at the same sta(ge of growth, the results do indicate the 
extreme variationt itt ttritional values (f harvested 
forages. 

The )utrpo(se of the fi'e trials reported in this paper 
was to ilnestigate the respontse of the grazing animal to 
various types atd att ountts of supplenetts when fed on 
pasture duritng the wit iter at d subsequent summer season. 
The trials were clducted on pastures typical of' Cell­
tral Brazil, cotttaiititgt Colonial ('uineagrass, Panicum 
naxintnIIIII, or Batatais-Paragiagrass, PU.sWInnItioatI011n­

Iyp/lrl'Ictiartufa. 
The chinate of Central Brazil is subtropical and is 

characterized bv a six to seven months' warm, wet season 
firon ()ctobler or November to April, followed by five 
to six m )tthsof cool, dry weather from May to Septem­
bei. Experiments I al 2 were located otn Fazenda 
Ja1,gada intthe Aracatuha district of Sdo Paulo (Loca­
tiot 1) and Lxperimettts :3, 4 and 5 at the IRI head­
(uarters near \Iati-o ott Fazenda Cambithy ( Location I1). 
Ihese two fartus are located in the northwestern and 

central parts of the state of Sio Paulo respectively, at 
elevatio ts tI37() meters for Experiments I and 2 and 
560 meters f'or Ex)eriments 3 to 5. 

The scas , al tet1perature and rainfall patterns dur­
itg the vear ittwhich these trials were conducted at each 
o4 the two locations are shown, in Figure 1. The annual 
raitfall at Locatiot I was 1093 mim., with a range of 
zero raitfall ittJuly 1961 to :330 im. itMarch 1962. At 
the 1I head(uarters it\hlatio, the total precipitation for 
the year was 1180 millimeters. No railn fell in June and 
Jtly" 1961, and the highest rainfall was recorded for 
December 1961, 282 millimeters. Approximately 95,'%of 
the yearly precipitatiot occurred during the watm period 
at both locations. 

The temperature records at Fazenda Jangada (Lo­
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cation 1) indicate all annual mean of 2-1.2 C; at latao 
(Location II), the annual mean was 23.5 C. The coolest 
months were June and July which had an average mean 
of 20.8'C, wiile the hottest months were Septemlber 
through larch with fairly c(n stan t meaiis ranging from 
25.2 to 26.4"C. Similar weather conditions with respect 
to temperature prevailed at latdo. little and jly' were 
the coolest months vith an average of' 20.3' C, and 
September through larch were the warmest months 
with mean temperatures ranging from 23.9 to 25.8'C. 
Average (laily maximum temnperat rcs at )0th locations 
ranged between 27.9 and 3:3.8 C during May to Septem­
h~er and from 29.8 to 32.5'C from October to April. 

The soils are in the class known ias ar('!ito Bauru, 
sandv' loam (Paiva Neto et al., 1951 ). This type is de­
rived prinipallk, from sandstone parent maierial. On 
Fazenda .angada, the locationi of the first two experi­
ments, the soil is 13(11trt slJrior with a pi1 of' 5.8 to 6.0. 
Experiments 3, 4 and 5 were located ()n Btant inferior, 
a poor sandy loam with a soil reaction of pi 15.0. 

Materials and Methods 
The five experiments reported in this paper had 

certain aspects of procedure in comm 1. Unique aspects
of procedures for each experiment will l)e considered in 
the discussion of that particular experimneit. All five of the 
experiments were started early in the wiliter-(ry season 
of 1961, aiid each continued into the f'ollo\Ving'summer 
season using the same tester animals. The oiilnl' exceptions 
were some minor a(ljl stmen ts and the reduction of tester 
animals ill Experimeit I from 15 to 10 at the enld oft the 
winter-dry season. All animals were fed 011 pasture (see 
Figure 6) and rece'ived, inl ad(lition to the various sipple­
ments, salt and minerals ad libitum with the following 
formula: 

Salt-mineral mix 
Iron suilpbate 
Copper sulphate 
Cobalt sulphate 

200 gin. 
200 gin. 
60 gil. 

Bone meal 
Common salt 

Total mix 

,10 kg. 
59.54 kg. 

100.00 kg. 
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Figure 1. 	 Monthly temperature and rainfall recordings during the period 
May 1961 through April 1962 at the two trial locations. 

The only exception to supplying salt was in Experiment 5, 
in which salt was a variable. 

Either one or both of two protein supplements were 
fed in all the experiments. These are referred to as high 
protein (IT) meal containing 38.5% digestible protein 
equivalent and as low protein (L) meal containing either 
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14.6 or 19.67o digestible protein equivalent. In Experi­
ments 2, 3 and 4, the formula for the L meal was changed 
at the time the cattle were weighed in September 1961 
to increase the protein content and improve palatability. 
The three formulae used are given in Table 1, and the per­
centages are based on the feeding standards (Morrison, 
1948; Feeds all( Feeding, 21st ed. ).The ground ear corn 
used in Experiment 1 was assumed to have total protein

' content of 7.3,, 5.3 digestible protein and 73.2%"T.D.N. 
With the ewception of Experiment 3, Colonial 

Guineagrass, Ianicum marximion, vas the principal grass 
in tbe pastu'es graze( I the experimental animals. In 
Experimen t 3, a jiraoia-Batatais, Hyparrhenia rufa-
Paspalumn notatum, pasture was used. In Experiments 1, 4 
and 5, either two or three pasture replications were pro­
vided. The treatments were arranged in randomized com­
plete block designs. In Experiments 2 and 3, only a single 
pa,;tre for each treatment was available. 

Results and Discussion 
Experiment I - Ground ear corn, with and without a 

high-protein concentrate, as a supplement for steers 
grazing Colonial Cuineagrass pasture 
The purpose of this experiment was to investigate 

the response of one- and two-year-old steers to the feed­
ing of ground ear corn with and without a protein con­
centrate when grazing Colonial Guineagrass pasture. The 
following numbers of steers were provided in each pas­
ture and treatment as tester animals. Other animals were 
added and removed from the pasture to maintain the for­
age in as near optimum grazing condition as possible. 

Number of tester stee(rs 

Each Each Total 
pasture treatment 7 treatments 

Winter season (3 replic ions) 
Yearlings 5 15 105 
2-year-olds 5 15 105 

Summer season (2 replications) 
Yearlings 5 10 70 
2-year-olds 5 10 70 
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TABLE 1. 	 1 ligh (II) and low ,L ) protein meal form­
ulae-percentagcs of total protein, digestible 
protein and T.I).N. from Morrison (1948). 

rotal 
protein 

I)igestible 
prwin T. 1).N. 

gin./kg. gmgi. 'kg. gtii./kg. % gm./kg. 

II meal formula 

Cottonseed meal 260 41.6 108.2 33.3 86.6 65.2 169.5 
Peanut meal 260 '11.1 106.9 36. 95.2 73.3 190.6 
Corn gluten meal 200 42.6 85.2 36.2 72A 78.7 157.4 
Molasses 100 2.9 2.9 0.0 - 53.7 53.7 
Urea 5(1 262.0 131.0 262.0 131.0 0.0 -
Bone meal 50 5.5 2.8 0.0 - 0.0 -
Salt 79.2(0 0(M - 0.0 - 0.0 -
Copper sulphate 0.25 0.0 - 0.0 - 0.0 -
Cobalt sulphate 0.05 0.0 - 0.0 - M. -

Iron sulphate 0.50 0.0 - 0.0 - 0.0 -

Total, gi. 1,000.0(1 .137.0 385.2 571.2 
%in 1 kg. mixtire 43.7 38.5 57.1 

Original L meal formula 

Cottonse ed Imeal 200 ,11.6 83.2 33.3 66.6 65.2 130.4 
.landioca 540 2.8 15.1 0.1 (.5 75.0 405.0 
Molasses 100 2.9 2.9 0.0 - 53.7 53.7 
Urea 30 262.0 78.6 262.0 78.6 0.0 -
Bone meal 5(0 5.5 2.8 0.0 - 0.0 -
Salt 79.20 0.0 - 0.0 - 0.0 -
Copper sulphate (.25 0.0 - 0.0 - 0.0 -
Cobalt sulphate 0.05 0.0 - 0.0 - (.0 -
Iron sulphate 0.50 0.0 - 0.0 - 0.0 -

Total, gin. 1,000.00 182.6 145.7 589.1 
,1in 1 kg. mixture 18.3 14.6 58.9 

Revised L meal fo:mrmla 

Cottonseed meal 350 41.6 145.6 33.3 116.6 65.2 228.2 
Mandioca 39(1 2.8 10.9 0.1 0.1 75.0 292.5 
Molasses 100 2..9 2.9 0.0 - 53.7 53.7 
Urea 30 262.0 78.6 262.0 78.6 (.0 -

Bone meal 50 5.5 2.8 0.0 - 0.0 -
Salt 79.20 0.0 - 0.0 - 0.0 -
Copper sulphate 0.25 0.0 - 0.0 - 0.0 -
Cobalt sulphate (.05 0.0 - 0.0 - 0.0 -

Iron sulphate (.50 0.0 - 0.0 - 0.0 -

Total, gi. 1,000.00 240.8 195.6 574.4 
' in 1 kg. mixture 2-1.1 19.6 57.4 

16 

http:1,000.00
http:1,000.00


The pastures averaged about 11 hectares in size 
and provided an adequate forage supply during the en­
tire period of the experiment. 

Response to supplements 

Dlurin1g the winter season of 1961, which was very
dry at Location I (Figure 1), the forage was of such poor 
quality that the gains of the yearlings and two-year-olds
werc onlN' 23.7 and 32.6 kg. respectively (P<.001) for 
the l12-day period (see rable 2). The increase in gain 
par steer resultin g from feeding supplement was almost
identical for the earlileigs alnd tvo-vear-olds (P>.25). For 
Iboth age groups, almost io increase ill liveweight resulted 
from I kg. of' supplemi ent with or without protein, indi­
cating that the animals must have been substituting con­
cettrate for grass on an isocaloric basis at this level of 
feeding. At the 2-kg. level of feeding, an average of 9.1 
kg. of extra liveweight per steer was produced, but at a 
cost of 224 kg. of concentrate, which gives a conversion 
rate of (224/9.1) 24.6. Since the amount of forage con­
sumed was not measured, it is not possible to estimate 
the true conversion rate based on total feed consumption.
It is obvious, however, that the animals were substituting 
concentrate for grass, since the concentrate consumption 
was far in excess of that required for the increase in per­
formance. The rate of substitution, however, is probably
dependent upon the level of grain, the availability and 
acceptability of the forage to the livestock and its nutritive 
value. Evidence for this is that at the 4-kg. rate of feeding,
the average of all steers showed an increase in liveweight
of 31.5 kg. for the 112-day winter period at a cost of 448 
kg. of concentrate. This gives a conversion rate of (448/ 
31.5) 14.2. 

During the summer months, none of the rations in­
creased the rate of gain (P>.25), and there was no dif­
ference in the performance of the yearlings and two-year­
old steers (P>.10). At all levels of grain, very little if an, 
additional advantage was gained by continuing with thle 
graini, and the statistical significance of treatments 
(P>.10) disappeared as a result of combining the gains 
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TABLE 2. Influence of level of grain and protein supplements upon liveweight gains of Nellore steers grazing on 
Colonial Guineagrass pasture, 1961-1962-Experiment 1. 

Vinter period 112 days S ummer period 112 da \Winter plus summer 224 da s 

As. Cr(-wth 
S .m. r Inc. Total Inc. dail Ine. inmlx 

uain s 4.sin / Cain ONr Control
Treatments 	 6.29.61 10.19.61 Winter Ihc. 2.S.62 

Stuer Av. Av. gain / o\tr Av.. -er oer 

Pasture ad libiturn-all groups Steers age 
Rations-kg. per steer per day 

wv.zit Is eight steer control '.55ilht steer control steer control steer control = 100 

No. 	 vsm.. k k14. k. kga. ku. k. k. k. ka. em. m. 

Yearling steers 

1. Control - pasture alone 15-10 1 252.9 265.9 13.0 - 374.7 10S.8 - 121.3 -	 544 
112.6 3.8 126.7 4.9 566 22 1042. 1 kg. ground ear corn 15-10 1 254.8 268.9 14.1 1.1 38i.5 
114.3 5.5 135.8 14.0 606 62 1113. 2 kg.ground car corn 15-10 1 25S.6 280.1 21.5 S.5 394.4 

8.0 160.3 38.5 716 172 1324. 4 kg. ground ear corn 15-1(o 1 257.2 300.7 43.5 30.5 417.5 116.8 

5. 1 kg. g.e.c. w/ll meal (9:1 15-10 1 257.0 270.7 13.7 .7 384.3 11:3.6 4.8 127.3 5.5 	 568 24 104 

283.7 21.5 8.5 394.1 110.4 1.6 131.9 10.1 589 45 lOS6. 2kg. g.e.c. w/It meal (9:1) 15-10 1 262.2 
7. 4 kg. g.e.c. w/I1 meal (19:1 15-10 1 259.5 298.1 38.6 25.6 493.7 105.6 -3.2 144.2 22.4 	 644 100 118 

Mean for vea-lings 23.7 111.7 135.4
 

Two-year-old steers
 
20.7 - -16S.5 102.7 - 123.4 - 531 ­

1. Control - paslure alont, 15-10 2 345.1 365.S 

2. 	 1 kg. ground car corn 15-10 2 344.2 358.6 14.4 -6.3 467.6 1(109.0 6.3 123.4 0.0 551 0 100 
C34 83 1153. 2 kg.ground ear corn 15-10 2 344.2 371.3 27.1 6.4 486.4 115.0 12.3 142.1 18.7 

4. 4 kg.ground ear cors 15-10 2 344.8 401.9 57.1 36.4 498.6 96.7 -6.0 153.8 30.4 	 687 136 125 
129.1 5.7 576 25 1055. 1kg. g.e.c. w/H meal 19:1) 15-10 2 340.9 362.2 21.3 .(i 470.0 107.8 5.1 

10.2 146.5 23.1 654 103 1196. 2 kg. g.e.c,w/H meal (9:11 15-10 2 342.5 376.1 33.6 12.9 489.0 112.9 

7. 	 4 kg. g.e.c. w/ll meal (9:1 '5-10 2 3-15.1 399.4 54.3 33.6 504.6 105.2 2.5 159.5 36.1 712 161 129 

Mean for 2-vear-olds 32.6 107.0 139.6 

Statistics - Gain/steer, kg.: 	 . 

Between treatments s = 19.0 P < .001 s = 14.- P > .25 s = 36.8 P > .10 

Between age groups s= 13.5 P < .001 s= 15.6 P > .10 s = 20.6 P> .10 
Treatment X Age s = 13.5 P> .25 s = 15.6 P> .25 s = 20.6 P > .25 
C.V. (Treatments) 	 67.4'r 13.011 26.5T 
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of the wviler and Stiiiiner periods. By comnblininig the 
data for l)ottli earlings and twt)-vear-o(l steers, and the 
resilts t)l)tailled [rtii the three levels of concentrate with 
aiid withotit 1)roteiii with the arronl ear (,orli, at linear 
relatioishi1) ( P<.025) was fouid(1 1)etweel level of con­
celitrat, fed and gain per steer (!"Ce 1Figtlre 2). The 
(uadratic was ntot significant ( P> .25). The seasonal re­
splonse to the 4-kor. rate of concientrate is showii ili Figure
3, illustrating that nmst of' the response occurred during
the winter months with ito further ii(crease during the 
s hseq(uent smillmler. 

lxperimnus 2 and 3 - The relationship of pasture qual­
ity to the response of feed supplements in the form 
of higi- and low-protein concentrates 

The quality of herbage in the pastures of lrazil is 
extremely variable both in different pastures and at dif­
ferent times of the year. This extreme variation compli­
cates the problem of formulating a supplement suitable 
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Fi.',rt-3. Seasonal res)onse to 4 kg. of fet(d yearlings and tvo-year-oldto 
stvers on pastuiv, 1961-1962 (Experinient I 

th)r all (ol(litiolls. 11w purpose of these two experiments 
was to e differences in response could belet('rmit itf 
expected oil pastures of different quality, at what level 
of intake the differences would most likely occur and at 
what season of the year. 
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Two pastures were selected: the first, oi Fazenda 
Jangada ( Location I), a good-quality Colonial Guinea­
grass pasture of al)oit 96 ha., which was feniced to provide 
for six pastures of 16 ha. each; the second, on Fazenda 
Camhuhv (Location II), a inedium-quuality pasture of 
Jaragua, "!Iypardleniarufa, and Batatai,, Pa.spalumn nta­
tun, which was fenced to provide six pastures of about 
30 ha. each. At ILocation I, 16 two-year-old tester 
steers of the Nellore type were allocated at random to 
each of the six pastures. At Location 11, 20 three­
year-old mixed-hreed Zehu steers were allocated at ran­
doin to each of the six pastures. 

The formulae for the protein supl)lements used in 
these trials are given in Table 1. The low protein (L) 
supplement was fed at ' and 1 kg. per steer dail,, and the 
high protein (II) at ', 1and 2 kg. per steer dail. 

The results are presented in Tables 3 and'4 for the 
winter and St umimer seasons and the combined periods. 

R~esponse,to sulpplements 

During the winter season of 1961, there was no in­
crease in gain per animal oil the Colonial Guineagrass 
pasture except when the II meal was fed at 2 kg. per head 
dail\. Up to this level, the steers 'were apparently substi­
tilting the supplement for forage oil an isocaloric basis. 
The 2-kg. level, however, gave an increase over tile con­
trol group of 12.6 kg. (P<.001 ). On the medium-quality 
pasture at Fazenda Cambuhy, the control steers which 
received no supplenent lost \\eight, and s ubstantial in­
creases over the control steers were oltained from feeding 
supplements. The data suggest that the higher protein 
meal (11) produced higher rates of gait than the low 
protein feed (I ). For the 2-kg. rate of II meal, tie average 
daily gains per s'eer were not greatly different at the two 
locations. They were 305 gin. and 334 gin. at Locations I 
and II respectively. Since these gains represen t feed: 
liveweight increas(i ratios of 6.6 and 6.0 respectively,, the 
steers in these groups must have been obtaining about 
half of their energy from the supplement and about half 
from the pasture. 

21 



TABLE 3. 	 Influence of low- and high-protein concentrates upon liveweight gains of Nellore steers grazing on 

good-quality Colonial Guineagrass pasture, 1961-1.962-Experiment 2. 

,\i,iterpvriod 1(3 d,- Sunmuini lwriod 193 sas Winter plus summer .300 di .w 

Treatments 	 7.7.61 1II 210.6 1 Win~ter Inc. 5.3.62 Sln.awr Inc. hIe. li, JC.I utal .	 ill!,
Itations-kg. per steer per day Steer 	 .Av. A,. gain,' over Av. .,in,' an 0o r k,.lw, 0% r C I.,0,.
Pasture ad libitum -all groups Steers age 	 e,.'-ht weight steer control s' siht steet ,,IIII ,I st,.er Co)nttoI sttt CttllrI)j -z I00 

No. yrs. 	 kg. k. k. k.. kg. k. kg. .e,. gIn. 

1. Contiol - pasture alone 16 2 322.7 342.1 Y9.4 - 480.6 138.5 - 157.9 - 526 ­

2. 3-kg. L meal 16 2 	 321.6 335.4 13.8 -5.6 483.4 148.0 9.5 161.8 3.9 539 	 13 102 

3. 1 kg. L meal 16 2 	 31.8 334.2 14.4 --5.0 475.6 I41.4 2.9 155.8 -2.1 519 - 7 99 

4. 1,kg. H meal 16 2 	 324.1 342.3 18.2 -1.2 478.5 136.2 -2.3 154.4 -3.5 514 -12 98 

5. 1kg. H meal 16 2 	 324.4 350.7 26.3 6.9 486.2 135.5 -3.0 161.8 3.9 5:39 ]3 102 

6. 2 kg. H meal 16 2 	 319.6 351.6 32.0 12.6 499.2 147.6 9.1 179.6 21.7 598 72 114 

Statistics - Gain/steer, k.1 .	 s 10.1 s = 16.9 s = 20.6
 
P < .001 P > .10 P < .025
 

C.V. = 48.9' CV. = 12.0% C.V. = 12.7% 



TABLE 4. Influence of lowv- and high-protein concentrates upon liveweight gains of mixed-breed Zebu steers 
grazing on rnedium-quality Jaragua-Batatais pasture, 1961-1 9 62-Experiment 3. 

Vintcr period 140 da'. Sinninir period 16S da'. \Vinter puis suniner 308 da.s 

Treatmn ts 
Rations-kg. per steer per day 
Pasture ad libitin-all gronps Stiurs 

Ster 
ae 

6.6.61 
A'v. 

%'eight 

10.2 1.61 
A'.. 

%.eight 

N inti 
Zain 
Aetcr 

I cc. 
ovter 

Control 

4.10.62 
Av. 

'.'ight 

Soninor 
gain,, 
steer 

Inc. 
ovcr 

control 

Total 
gain/ 
steer 

Inc. 
o;er 

control 

A'. 
daily 
gain/, 
steer 

Inc. 
oer 

control 

Growth 
index 

Control 
= 101) 

No. yrs. kg. kg. k,_,. kg. kg. kg. kg. k,. k.. gin. gin. 

1. Control - pasture alone 20 3 295.4 282.0 -13.4 - 406.0 124.0 - 110.6 - 359 -

2. !..-kg. L meal 20 3 295.0 291.4 - 31 9.8 424.9 133.5 9.5 129.9 19.3 422 63 117 

3. 1 kg. L meal 20 3 298.8 292.6 - 6.2 7.2 432.7 140.1 16.1 133.9 23.3 435 76 121 

4. ! kg.H meal 20 3 300.0 307.6 7.6 21.0 431.0 123.4 - .6 131.0 20.4 425 66 118 

5. 1 kg. 11 meal 20 3 301.7 330.7 29.0 42.4 449.0 118.3 -5.7 147.3 36.7 478 119 133 

6. 2 kg. H meal 20 3 292.2 339.0 46.8 60.2 465.2 126.2 2.2 173.0 62.4 562 203 156 

Statistics ­ Gain/steer, kg.: s 10.4 s = 14.9 s = 16.9 

P < .001 P < .001 P < .001 
C.V.= 104.07 C.V. = 11.6T C.V. = 12.27 



l)urinig the suibsequent summer season at Location 1, 
there was no response to tile spplements (P>.I0), which 
attests to the high quality of Colonial Cuineagrass as a 
feed. With the exception of the 2-kg. rate of II meal 
(P<.025), there were no differences in the gains per ani­
inal for the combined winter and summer seasons. At 
Localion I on the good-quality pasture, there is no evi­
dence that the 11 meal was mv better than the L meal. It 
appears that the response can be accounted for solely on 
the basis of die added energy intake from the 2-kg. rate. 

At ILcatioin I1Oil the mediuim-quality pasture, the 
advantage for the II meal which appeared during the 
previms wimiter seasoin disappeared diuring the following 
S1llm1llmel season1. Although the differences iii liveweight 
gaiin per aiimal were significait ( P<.001 ), it appears that 
thc gains of'the varimois groups were compensatory and, 
with the exception of the 2-kg. rate of II meal, no differ­
ence was found amoing the treatments. 

beef cattle 
by Winchester and Ellis ( 1957 ), Winchester ci al. (1957) 
and by Carroll ct al. ( 1963), aiid all have found large 
increases in growth durilig a sulsequen t liberal feeding 
period after aprevious period of energy or protein restric­
tion. It is apparent that the winter-dry period inBrazil 
subjects the aninals to a period of restricted energy and/ 
or protein intake which is usually followed bw a period of 
liberal feeding on high-quality forage. This has the effect 
of wiping out or leveling off any\ previous effect which the 
supplements might have iin meeti ng the protein-energy 
requirements of the animals on pasture. 

The seasonal pattern of response to the 2-kg. rate of 
II meal at each of the two locations is well illustrated in 
Figures 4 and 5. The diflerences in the increase for the 
2 kg. of I I meal of 72 gin. and 203 gin. at the two locations 
respectively reveal the complexity of the problem of sup­
plementati'm of growing-fattening steers on pasture. The 
results also indicate that small amounts of supplement are 
not effective in changing the rate of growth during pe­
riods which extend into the summer season. 

Compensatory growth has len studied iin 
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FIigurv 4. 	 Seasonal response to 2 k g. of snppheintit fed to Iwo-Near-o]d 

steers on good-qinality Colonial Cuirneagrass pastnre, 196i'1-1962 
(Experiment 2). 

Experiment 4 - Feeding of low levels of protein concen­
trates and feed additives to three-year-old Zebu 
steers 

Little is known relative to the vitamin A require­
ments of the Zebu animal and whether the forage species
founc it, the pastures of Brazil will supply its require­
ments. The s'iurce of vitamin A in most forages is P-caro­
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tene, and it is not known whether the Zebui animal is effec­
tive in converting P-carotene into vitamin A, although 
it has long been recognized that there are breed differ­
ences, e.g. the Gucrnsey and the Holstein breeds. Chap­
man et al. (1964) fed vitamin A to two-year-old steers in 
a fattening ration on St. Augustinegrass pasture, Steno­
taphrum sec hndattm, at levels to provide intake of 25,000 

ACCUMULATED GAIN
 
PER STEER,kg
 

200­

150' 

2kg. H meal 	 , 

00. 	 Der head daily..K,/ 

50­

/ 

0 	 i -

INCREASE FOR H MEAL
 
kg,


l 	 ~lIncrease for 2 kg. H ml 1O 
0 A 

168 	 280DAYS 28 56 84 112 1,10 196 224 252 308 

WINTER ... S 0MM ER­

1018mmRAINFALL 92mm 

Figure5. 	 Seasonal response to 2 kg. of supplement fed to three-year-old 
steers on nedium-quality Jaragua-Batatais pasture, 1961-1962 
(Experiment 3). 
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Fi ure 6. Mixed-breed Zebu steers being fed protein concentrates on medium­
quality Jaragua-Batatais pasiure (uring the winter-dry season of 
1961 (Experiment 3). 

Figure 7. .Mixed-breed Zebm ste ers grazing jaragoa-Batatais pasture neao the 
end of the summer-wet season of 1961-1.9(-2 (Experiment 3).
Note tile xNellet codllitiol of the cattle. 

and 50,000 1.U. per steer per day. The 25,000 I.U. in­
creased the rate of growth by II, and the 50,000 I.U. by
I7C during the winter season, hut had no effect during the 
summer season. Beeson et al. (1961.) fed vitamin A at 
levels from 10,000 to 50,000 1.U. per steer daily with and 
without alfalfa pellets containing about 14.2 mg. of caro­
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teiie per poundi. Without the alfalfa in the 1basal ratioi, a22% increase in average daily gaili was o)tained when 
20,000 I.U.of vitamin A was included illthe ration. With 
alfalfa constituting 10% of the ration, there was no re­
sponse to the vitami A additive. 

It was the purpose of Elxperiment 4 to determine 
whether Certail feed additives \\,oil](] Cont'ibute to the 
nutrition of steers oilpastures and whether their addition 
might he econom ically feasible. Inchlded in this trial 
were vitamin A and terrainvein. Terramvcin has been 
used extenisivelv in feed rations to reluce the level of 
parasitism in livestock, but its effectiveness is greatly de­
pendent uipon the level of parasitic infection in any given
herd. If there is little or 1no infection, then responses to 
terramycin are usually negligible. Vitamin A, palmitate 
was sli)pllied at the rate of 20,000 I.U. per 500 gin. of 1 
meal, and terramycin at 150 ing. per 500 gin. of II meal. 

The experiment consisted of six treatments in two 
field replications. Twelve pastures of 8.9 ha. each were 
provided which furnished sufficient forage for eight tester
animals per pasture throughout the :308 days of the trial 
(see Figure 8 ). The animals were three-vear-old mixed­
)reed Zebu steers. The II and 1,meal formulae are given

in 'Table 1. The treatments used in the trial and the results 
of the experiment are given in Table 5. 

Response 1osup)plenents antd additives 
During the winter mouths, the control steers which 

did ot receive any supplement lost an average of 5.7 kg. 
per steer. All steers receiving the supplement gained
weight, and the greatest gains occurred with the steers 
receiving the II meal at 1 kg. per steer daily. Satisfactory 
responses were also obtained from steers receiving ',kg.
of II meal and( ,12,kg. of 1Imeal, vitamin A and TM-25 
(P<.025). 

During the summer months, none of the treatments 
gave significant increases in liveweight gain, and all dif­
ferences disappeared for the comlined winter and sum­
mer seasons (P>.05). 

It is obvious that steers grazing good pastures are 
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TABLE 5. Influence of protein supplements and feed additives upon liveweight gains of mixed-breed Zebu steers 
grazing on Colonial Guineagrass pasture, 1961-1962-Experiment 4. 

WVintcr period 112 days Stumner period 196 days \Winter plus summer 308 dass 

Treatment- 6.27.61 10.17.61 Winter 	 Av. GrowthInc. 5.1.62 Summer 1IeC. Total Inc. daily Inc. indexRations-kg. per steer per day Steer As'. Av. gain/ over Av. gain! over gain/ over gain,' oser ControlPasture ad libitum-all groups Steers age weight weight steer control weight steer Control steer control steer control - 100 
No. yrs. kg. kg. kg. kg. kg. kg. kg. kg. kg. gil. git. 

I. 	 Control - pasture alone 16 3 292.8 287.1 -5.7 - 443.0 155.9 - 150.2 - 488 ­
2. ikg. H meal 16 3 287.2 300.2 13.0 18.7 463.6 163.4 7.5 176.4 26.2 573 85 117 
3. 	 1 kg. H meal 16 3 285.4 309.7 24.3 30.0 468.7 159.0 3.1 183.3 33.1 595 107 122 

4. 	 8 kg. H meal 
w/vitamin A (20,000 IU) 16 3 288.4 297.4 9.0 14.7 464.8 167.4 11.5 176.4 26.2 573 85 117 

5. 	1'kg. H meal 
w/vitamin A (20,000 IU)
& TM-25 (150 mg.) 16 3 289.4 308.7 19.3 25.0 455.6 146.9 -9.0 166.2 16.0 540 52 111 

6. 	3 kg. L meal 16 3 288.2 292.5 4.3 10.0 450.1 157.6 1.7 161.9 11.7 526 38 108 

Statistics - Gain/steer, kg.: 	 s = 13.5 s = 17.0 s = 24.6 
P < .025 P >.05 P >.05 

C.N;. = 127.2% C.V. = 10.6 C.V. = 14.4% 

'Supplements and feed additives furnished by Pfizer Corporation do Brasil. 
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able to meet their protein requirements during most of 
the year with the possible exception of short periods dur­
ing the winter months. From this experiment and others 
presented in this paper, the first limiting factor appears 
to be energy. The supplement is a supplier of energy as 
well as protein, but the responses obtained can be ex­
plained on the bass of the added energy consumed. If 
rates of liveweight gain are to be increased above 500-600 
gin. per steer per day, additional energy must be sup­
plied since this is about the gain that can be expected 
from pasture alone. 

Experimemt 5 - Ratio of supplement to salt for regulating 
intake of supplement by grazing Zebu steers 
The relatively uniform consumption rate of salt by

grazing animals has been used as a means of controlling 
the rate of intake of range cattle supplements. By mixing
salt with an appropriate amount of supplement, the 
amount of supplement consumed may be controlled. The 
purpose of this trial was to determine the ratio of supple­
ment to salt which would result in the consumption of 
regulated amounts of supplement by the Zebu animal 
when grazing Colonial Guineagrass pastures. 

Figure9. Steers receiving protein concentrate during the winter-dry season 
of 1961 on Colonial Guineagrass pasture (Experiment 4). 
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The experiment colsisted of five treatments in two 
field replications, 0r a total of tell pastures arranged ill 
two randomized complete blocks. Mixed-breed ZebuI 
steers, three \,ears of age, were used as tester animals in 
this trial. Four alimals were allocated at random to each 
of the ten pastures, making a total of eight steers per 
treatment. 

The results are preseited i, Tables 6 and 7 and ill 
Figure 10. 11 steers it, Treatment I received 500 gin. 
of 1I meal per da,'. Salt and minerals were fed ad libiltuln. 
This group was considered the coidlrol group. The amount 
of stLpjflemeii consumed per steer per (lay, for the various 
concentrate-salt ratios is given in Table 6 for )oth the 
winter and summler seasonis. During the four months of 
the winter seas(ti, the amont of II meal consumed by the 
five groups was iiot reduced by the amount of salt mixed 

TA'lE,6. 	 Summary of I I meal consmnption hv 28-day 
periods during the winter aid summer periods 
of 1961-1962-Experiment 5. 

1 2 3 .1 5 
2 8-day irild Salt IIsailt II:salt ii:salt lI:salt 

Winter 1961 ( 112 day)s 

July 7 to Aug. 4 500 500 500 500 500 

Aug. 4 to Supt. 1 5i0 500 500 500 500
 

Sept. I to St)t. 29 500 500 501) 500 500
 

Sept. 29 to Oct. 27 500 495 483 467 4:37 

AN'. Winter coliloiptiol 

per steer 	 500 -1991 496 492 484 

Summer 1961-1962 (196 (ays) 

Oct. 27 to Nov. 24 500 471 :383 :399 241 

Nov. 24 to )ec. 22 500 500 483 473 357
 

Dec. 22 to Jan. 19 500 500 474 47:3 375
 

Janl. 19 to Feb. 16 500 482 455 375 304 

Feb. 16 to Mar. 16 500 491 4:37 :375 357 

Mar. 16 to Apr. 1:3 500 500 411 3:39 286 

Apr. 1:3 to May 11 500 500 474 367 286 

Av. SIIImer consumption 
per steer 5(111 492 445 400 315 

-5tt0l gi. 11 ital iSlililtlnt furnished per stiir per day ill all treatiieits. 
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TABLE 7. Influence of a high-protein supplement and level of salt upon liveweight gains of mixed-breed Zebu 
steers grazing on Colonial Guineagrass pasture, 19 6 1-19 62 -Experiment 5. 

Winter period 112 days Summer period 196 days Vinter plus sunner 308 days
Av. GrowthTreatments 


Rations-kg. per steer per day Steer 
7.7.61 10.27.61 W\'inter Inc. 5.11.62 Summer Inc. Total Inc. daily
Av. Av. gain/ over Inc. indexPasture ad libitunm-all groups Steers 

Av. gain/ over gain/ over gain/ overage weight weight steer Controlcontrol .*eight steer control steer control steer control = 10 

No. vyr. kg. kg. kg. kg. kg. kg. kg kg. kg. 

1. 500 gin. H meal +
. 

salt ad lib. 8 3 290.2 293.3 3.1 - 461.7 168.4 - 171.5 - 557 -

2. 500 gm. H meal +25 gn. salt 8 3 287.3 300.9 13.6 10.5 472.:3 171.4 3.0 185.0 13.5 601 44 108 
3. 5500 gin. H meal +0 gm. salt 8 3 297.2 314.2 17.0 13.9 480.2 166.0 - 2.4 183.0 11.5 594 37 107 
4. 500 gi. H meal +100 gm. salt 8 3 284.8 301.6 16.8 13.7 465.2 163.6 - 4.8 180.4 8.9 586 29 105 
5. 2 0 0500 gin. H meal +gm. salt 8 3 280.8 286.5 5.7 2.6 441.5 155.5 -13.4 160.7 -10.8 522 -35 94 

Statistics - Gain/steer, kg.: s 12.4 s 22.6 s 24.0 

P >.25 P >.25 P >.25 
C.V. = 108.0% C.V. = 13.7% C.V. = 13.6% 

http:10.27.61


H: salt 
20:1 

170. \ 

H alone 
H salt

GAIN 

H saltK 5;o,1 
PER 

160' 

STEER 
14salt 
2Y2%

155-

kg. 

ISOI 

Gm. H meal /day '60 450 400 350 300 

Figure 10. 	 Relationship of protein supplenient consnimption, as regulated 

b, salt concentration, u1)l0 the gain per steer; summer-wet season 

o 1961-1962 ( Experiment 5). 

with the supplement. Beginning with the summer season, 
the amount of 11 meal consumed was reduced as the 

amount of salt in the mixture was increased. 
The gain per steer during the winter, the summer, 

and the combined winter and summer periods appears 
not to have been influenced by the level of salt supplied 
with the i meal (P>.25, Table 7). There is some 
evidence, however, that iicreasing the salt did reduce 
the consumption of II meal (Table 6) and consequently 
the gain per animal during the summer season (see 
Figure 10), but the differences were not great enough 
to be significant (Table 7). During the winter-dry 
season, wx'hen the quantity and quality of the forage were 
at a relatively low level, the steers consumed all the sup­
plement regardless of the salt concentration. These pre­
liminary results indicate that the salt concentration in a 
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supplement may he effective in controlling the intake of 
the supplement" during the summer season when forage
quality is high, bult that the upper limit on salt consump­
tion was not reached during the winter season when for­
age quality was low. The change in quality of the pasture 
during the winter and summer seasons is well illustrated 
by the crude protein content of the forage sampled peri­
olicall, during the period of this trial (see Figure 11).
The crude protein content during most of the wvinter sea­
son was about 3, rising to over .10'(during the months of 
January and February. 

Additional studies vill be needed at higher levels of 
supplement consumption to determine at what level will 
salt concentration he effective in regulating intake. 

PERCENT PROTEIN 
IN DRY MATTER 

150O"
 

:0.050

DATES T/i 8/I 9/I I0/I II/1 12/1 I/I 2,A 3/I 4 , / /I 6/1 

WI NT ER SUMMER -

Figure11. Crude protein content of paslure forage during the dry and wet 
seasons of 1961-1962 ( Ex.eriment 5). 
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Interpretatioi of Results and Conclusions 

Feeding concentrates to beef cattle on pasture might 
be expected to have one or more of several beneficial 
effects. The concentrate may furnish 1 ) additional energy 
to the animal, 2) supplemental protein, or 3) supply some 
other nutritional factor not available or deficient in the 
pasture forage. If any one of these effects is operating in a 
given situation, an increase in gain per animal might be 
expected. 

The results from these trials indicate that the extra 
protein supplied in the supplements was not effective in 
increasing gains over that which can be accounted for by 
an increase in caloric intake. At low levels of concentrate 
feeding, either of a low o;" high protein percentage, in­
creases in rates of gain were negligible. This suggests that 
the steers were reducing their consumption of pasture 
forage with increasing rates of concentrate consumption. 
However, since the concentrate gave greater increases in 
gain during the winter season thmi during the following 
summer season, the rate of pasture forage replacement 
by the concentrate must have been different for the two 
seasons. It was possible to make some estimates of this 
substitution rate from the results oltained iiExperiment 
1. In this cperiment, the daily T.D.N. requirements of 
steers for maintenance and gain were computed at the 
four levels of concentrate feeding: 0, 1, 2 and 4 kg. per 
day.The results of this computation are illustrated graph­
ically in Figure .12. During the winter mouths, when the 
forage quality was inferior to that in the summer, the 
effective T.D.N. consumption from pasture alone was 
much lower-about 3000 gin. of T.D.N. in the winter sea­
son versus over 5000 gin. in the summer. The reduction in 
effective T.l).N. consumption from pasture resulting from 
increasing increments of concentrate was less in the 
winter-dry season than during the following summer sea­
son. Each increase of 100 gin. of T.D.N. supplied in the 
concentrate reduced the consumption of pasture T.D.N. 
by 76 gm.during the winter season and during the suim­
mer by 86 grams. Based upon the requirements for main­
tenance and increased gain in liveweight, one must con­
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elude that the net gain in T.D.N. consumption, resulting 
from each increment of I )o gin. of T.1).N. in concentrate, 
was 24 gin. during the winter-dry season and 14 gin. dur­
ing the sunnuer-wet season. The remainder of the T.D.N. 
was accounted for by its replacement or substitution for 
an equivalent amount of effective T.I).N. from pasture 
forage. (NOTE: A complete substitution of' 100 gin. of 
effective T.D.N. in concentrate for 100 gin. in pasture for­
age would have resulted in zero increase in gain as a result 
of feeding ineeasing amounts of concentrates. ) 

From Figure 12 it is evident that as the amount of 
concentrate consumption increases, the amount of forage 
consumed decreases. This, then, has the effect of increas­
ing the number of animals which a given area of pasture 
may carry as the amnouit of concentrate fed increases. In 
Experiment 1, the carrying capacity of the pastures was 
not measured, but it was evident that the amount of for­
age being consumed by the animals without supplement 
was greater than where concentrate was being fed. Fu­
ture experiments with concentrates on pastures should 
include the measurement of carrying capacity as well as 
measuring the effect upon the animal performance since 
it now appears that the animal substitutes concentrate for 
pasture forage. If the effect of concentrate feeding upon 
the carrying capacity is not measured, then the pasture­
sparing effect of concentrate will not be properly eval­
uated. Likewise, if the farmer who feeds concentrates to 
his cattle on pasture does not take advantage of the extra 
pasture available by adding moi e animals on a unit area 
of pasture, only a part of the true value of concentrate will 
be realized. 

As feed additives, neither vitamin A nor terramycin 
gave any response as indicated by increases in rate of gain. 

The use of varying amounts of salt in concentrate 
mixtures to control intake did not prove effective when 
the forage supll was of poor quality, but evidence is 
presented which indicates that salt may be used effec­
tively to control intake on pastures of high quality. 
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