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COMPENSATORY GROWTH IN YEARLING BEEF 
CATTLE 

G. H. SCALES 

Tara Hills High Country Research Station, Omarama 

K. H. C. LEWIS 

Invermay' Agricultural Research Centre, Mosgiel 

SUMMARY 

In three experiments, the restriction of an ad libitttm diet of 
lucerne hay in winter led to significantly lower rates of live- 
weight gain in weaner beef calves fed at estimated maintenance 
and sub-maintenance levels. In post-winter periods of 214 to 238 
days, when grazing improved clover-tussock pasture, winter re- 
stricted calves had significantly higher rates of liveweight gain 
than ad libitum fed calves. Compensatory growth reduced the 
winter liveweight deficit by a maximum of 65.5% and a minimum 
of 15.3% in this time. Carcass composition was unaffected by 
winter restriction when the cattle were slaughtered at 19 months 
of age. It was not possible to show that the economy of meat 
production consistently favoured winter restricted groups and the 
practical value of exploiting compensatory growth is uncertain. 

THE GROWTH of the New Zealand beef industry indicates 
considerable confidence in its ability to produce at levels 
of profitability which compare favourably with the estab- 
lished shee 
beef an,ima P 

meat/wool pattern of production. While the 
was secondary to or complementary to sheep, 

comparative comsts were difficult to evaluate directly. Pro- 
duction from all-beef units suggests that, under efficient 
management, output of meat can reach high levels. 
EfFicient management implies, amongst other things, a 
more strict control of nutritive intake under grazing. High 
stocking rates are needed to utilize fully spring and sum- 
mer surpluses of pasture, but carrying additional stock 
through the winter usually requires expensive supple- 
mentation, and the provision of winter feed may seriously 
reduce the profitability of the enterprise. Such circum- 
stances suggest that compensatory growth could be ex- 
ploited if minimal gains on cheap roughages in winter 
were followed by accelerated growth on spring and sum- 
mer pasture. 
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TABLE 1: INITIAL LIVEWEICHT AND DAILY WINTER E’EBU ~X’LAK~;S OF CALV~ZS (lb) 

Group 

No. of animals 

UKIW - ‘1M lkXl!UI 

zk SE. 
Intake - hay .._ 

- DM 
- DOM 

Duration of feeding 

1967 1968 1969 

M+ M M+ M MS- M 
0” .u- $- 

m 
14 15 32 32 15 14 14 v, 

z 
511 500 480 482 451 454 450 u 
15.0 15.5 9.7 9.7 11.4 16.2 16.3 
15.3 8.3 13.9 10.1 15.4 9.9 

2 
8.1 g 

13.0 7.1 12.0 8.8 13.6 8.6 7.0 
8.6 4.6 7.4 5.4 

;: 
8.1 5.1 4.2 

period (days) 7s 112 106 
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The object of the three trials (1967 to 1969) reported 
here was to examine the effect of varying levels of energy 
intake in beef weaners during the period of winter supple- 
mentation, on post-winter growth under grazing on low 
altitude improved tussock grassland. 

EXPERIMENTAL 

Galloway x Hereford cross calves born October and 
weaned at six months of age were used. Appronimately 
equal numbers of steer and heifer calves were randomized 
on the basis of liveweight into experimental groups and 
each confined for part of the winter period (June to Sep- 
tember) to approximately one acre bare of pasture. 
Lucerne hay was fed at the following levels of intake: 

(1) ad Zibitum (M + group). 

(2) Estimated maintenance requirement (M group). 

(3) Sub-maintenance (M-group) ( 1969 only). 

Group numbers, initial mean liveweight, calculated daily 
mean intake, and duration of the winter feeding period 
are shown in Table 1. 

Hay was weighed daily and fed in covered racks. Dry 
matter (DM) and digestible organic matter (DOM) intake 
were calculated from daily samples bulked for in vitro 
digestibility analysis (Drew, 1966). 

After the winter feeding period all calves .were .run 
together on improved tussock pasture until May. Rates of 
liveweight gain were derived fro’m liveweights equalized 
for differences in gut fill following a period of differential 
feeding. All animals were periodically drenched with 
anthelmintic and drenched with selenium in 1967 and 
1969. 

Carcass composition data were obtained from steer 
calves only in 1968 and fo’r all calves in 1969. In each year 
all cattle were killed on the same day (19 months of age). 
Carcasses were graded and bmoned out (usual meat export 
works procedures) and composition data expressed on the 
basis of cold carcass weight excluding internal fat. 

Compensation effects were expressed as that part of the 
difference in winter liveweight gain (M + less M or M 
less M- ), or winter deficit, recovered in the post-winter 
period. 
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RESULTS 

LIVEWEIGHT CHANGES 

Growth rates prior to the start of the experiment could 
not be determined accurately, but, assuming a mean birth 
date of mid-October the previous year, calves had grown 
at approximately 1.7 lb/day from birth in each year and 
were considered to be well grown for the environment. 

Fig. 1: 

M- 

M 1969 

- 0 240 
Days after Winter Feeding 

Liveweight change in c&es in winter (hay) 
periods. 

1969 

1966 

1967 

and post-winter 

TABLE 2 : MEAN DAILY LIVEWEIGHT GAIN (lb) FOR WINTER, 
POST-WINTER AND TOTAL EXPERIMENTAL PERIODS 

1967 

1968 

1969 

Period Winter Post-winter Total 

Days 7s 230 305 
M-l- 0.69 A* 1.45 bA 1.26 A 
M - 0.27 B 1.57 aA 1.12 B 
Days 112 214 326 
M+ 0.32 A 1.44 B 1.05 aA 
M - 0.13 B 1.55 A 0.98 bA 
Days 106 238 344 
M+ 0.51 A 0.81 bB 0.72 aA 
M - 0.17 B 0.85 bB 0.54 cc 
M- - 0.50 c 1.10 aA 0.61 bcABC 

*Level of significance indicated by small (5%) and capital lettc:rs (1%). 
Means (read vertically only) with the same letter do not differ signifi- 
cantly (Multiple range test, Duncan, 1955). 
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The patterns of liveweight change are shown in Fig. 1 
and mean daily liveweight gainls for winter and post- 
winter periods are shown in Table 2. 

WINTER PERIOD 

In each year, highly significant differences in mean 
daily liveweight gain were obtained between each level 
of feeding, while mainten,ancefed calves made small nega- 
tive gains. The maximum difference in liveweight was re- 
corded at the end of the winter feeding period between 
M + and M groups, 73 lb in 1967 and 49 lb in 1968. In 
1969 the difference was 72 lb and 107 lb for M and M- 
groups, respectively. Low voluntary intake by M + group 
in 1968 resulted in a lower liveweight differential. 

POST-WINTER PERIOD 

With the exception of Group M (1969), all winter re- 
stricted groups had significantly higher mean rates of 
daily liveweight gain in the post-winter period than those 
fed ad libitum. Comoensatory growth was therefore ex- 

lower levels of winter intake. 
liveweight deficit was variable 

pressed following these 
Recovery of the winter 

t-ight b 

M- 

U 

Fig. 2: Recovery of the winter deficit in liveweight after the end of 
winter feeding. 
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and when expressed as a percentage of the winter deficit 
ranged from 15.3% (M group, 1969) to 65.5% (M- group, 
1969). As compensation was only partial, total gains for 
calves with restricted winter intakes were significantly 
lower than that of ad Zibitum fed calves at the conclusion 
of the experiments. 

POST WINTER 
GAIN lb 

500, 
l Muintenmce 

l Maintenmce piuS 

Y = 353.0-0.341X’ 0 14 
j I. 

200 I l , I I I ,. , I 1 
-80 -40 0 40 80 

WINTER GAIN lb 

Fig. 3: The relationship between liveweight gain in the winter and post- 
winter periods, 1967. 

PCIII;~ Wlr;lbTER 
l Maintenance 

D Maintenance plus 

l * . .* 
. . l 

l . * 

I . 
200 V z 323.8 - 0.348Xr: 0.11 

I I I I I I / I I I I 
-80 -40 0 40 80 120 

WINTER GAIN lb 

Fig. 4: The relationship- between Iiveweight.gain in the winter and post- 
winter periods, 1968. 
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DURATION OF THE COMPENSATORY GROWTH EFFECT 

Post-winter periods were terminated at 238 days or less, 
insufficient for the elimination of liveweight differences. 
Calculatio’n of rates of liveweight recovery at intermediate 
weighings (Fig. 2) indicated that the higher final recovery 
levels were the result of the higher rates of liveweight 
gain in M 1968 and M- 1969 groups continuing with little 
diminution until the 180th day of the post-winter period. 
In contrast, animals of group M 1969 maintained an en- 
hanced rate of growth for some 82 days, recovering 29% 
of the winter deficit. Beyond this stage the group rate of 
gain fell below that of the M + 1969 group and the re- 
covery of winter deficit was only 15.3% at termination. 

RELATIONSHIP OF WINTER TO POST-WINTER GAINS 

Highly Significant negative correlations were observed in 
each year between winter and post-winter gains, especially 
in 1969, where the ranlge of winter liveweight gains was 
increased by the introduction of the group fed at sub- 
maintenance level. Regression coefficients for pooled data 
for post-winter gain on winter gain were highly significant 
(P < 0.01) in all years; fitted regression lines are shown 
in Figs. 3,_9 and 5. 

CARCASS COMPOSITION AND GRADING 

Table 3 gives details of cold carcass weights, yield, 
composition in terms of trimmed meat, fat and bone and 

0 Mainthance plus 

. 
100 - 

Y = 216.0 - 0,635xt,09 

f I I I I I I I I I 
_, -80 -40 0 40 80 

WtNTER GAIN lb 

Fig. 5: The relationship between liveweight gain in the winter and posf- 
winter periods, 1969. 
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TABLE 3 : COMPOSITION AND GRADING OF CARCASSES 

Mean 
Year Cold 
and Carcass No.Graded 

Group Wt. Yield %* Meat Fat Bone G.A.Q. F.A.Q. Boner 

1965 

M+ 420 52.1 69.4 8.3 22.3 6 10 - 

M 415 51.8 69.5 8.4 22.1 5 9 2 

1969 
G.A.Q. F.A.Q. Y.A.Q. 

iu + 384 55.5 67.2 5.9 26.9 2 9 4 

M 353 55.4 67.5 6.4 26.2 1 9 4 

M - 365 55.9 67.7 6.1 26.2 2 7 5 

Hot carcass weight 

*Yield % = x 100 
Starved liveweight 

export grading. Carcass composition data, adjusted for 
cold carcass weight, showed no significant differences be- 
tween treatments. There were no major differences in 
gradin,g of carcasses between treatments. 

ECONOMIC ASPECTS 

Financial justification of restricted feeding levels, where 
liveweight recovery is only partial, equates the value of 
the winter feed saved against the lower gross return for 
the cattle at slaughter. Using then current beef export 
schedule rates for the appropriate carcass weights and 
grades, the returns per head for each treatment and total 
hay saved per head are shown in Table 4. Quantitative 
economies in hay consumption on restricted feeding were 
related to the returns for meat as the “break-even” cost 
of hay per bale (i.e., where the cost elf hay exceeds the 
break-even cost, ad Zibitum winter supplementation has 
ceased to be economic). 

Considerable variations in “breakeven” cost were ob- 
served and, while restricted feeding may have been pay- 
able in 1968 and at the M- feeding level in 1969, the 
economy of the M 1969 level was doubtful. 
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TABLE 4 : COST OF AND RETURNS FROM AD LIBITUM M + AND 
RESTRICTED (M OR M- ) WINTER DIETS 

1958 1969 
n4 + M M+ M M- 

Mean carcass value ($) 76.69 74.73 90.55 82.00 84.60 
Difference ($) 
Hay eaten (60 lb bales)“.’ ‘. 

1.96 8.55 5.95 
25.9 18.9 27.1 17.6 14.4 

Hay saved (60 lb bales) 7.0 9.5 12.7 
Break-even cost of hay per bale 

(cents) _... 28 90 46 

DISCUSSION 

Hight (1966) states that costs of winter feed are the 
greatest single factor in the costs of beef production. This 
is particularly applicable to the South Island tussock 
grassland where the average duration of winter is about 
100 days and hay is a crop rather than a conserved sur- 
plus. The feed requirement of calves carried through the 
winter is greater than can be supplied by tussock pas- 
tures and supplementary feeding is essential. 

Careful appraisal of calf wintering costs was part of 
the original purpose cf these experiments, but the empha- 
sis in this paper has been directed largely to the expres- 
sion of compensatory growth by calves and its effect on 
the economy of hay supplementation. 

In spite of the significant negative correlations re- 
corded between winter and post-winter gains, only partial 
recovery of the end of winter deficit was obtained in the 
7 months available before slaughter. Time is probably 
an important factor in achieving high recovery rates. 
although in these experimen,ts the recovery rate appeared 
to stabilize at, or before, the 180th day after feed restric- 
tion was removed. Where animals are to be slaughtered 
at or about 20 months of age, recovery time is limited and 
the effectiveness of the compensato’ry growth phenomenon 
is reduced. 

TABLE 5 : PERCENTAGE RECOVERY- OF END OF WINTER DEFICIT 
IN RELATION TO WINTER LIVEWEIGHT GAINS 

(Maintenance fed groups only) 

1967 
1968 
1969 

Actual Gain Gain Relative % Recovery of End 
(lb) to M + Group (lb) of Winter Deficit 

- 20 - 73 37.5 
- 14 - 49 51.0 
- 18 - 72 15.3 
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The relationship between the absolute and relative 
severities of the winter restriction in terms of liveweight 
gain was not consistently related to the size of the post- 
winter liveweight recovery. Maintenance groups in each 
year had comparable winter liveweight losses (Table 5). 

This inconsistency is partly attributable to seas’on,al dif- 
ferences in post-winter gain, which were lowest in 1969. 
Where restriction was most severe (M- group 1969) and 
actual and relative gains were -53 lb and - 107 lb, respec- 
tively, compensation, was the highest of all trials at 65.5 % . 
Joblin (1966) achieved modest compensatory recoveries 
(cu. 38%) of a large winter deficit (175 lb), far in excess 
of deficits in the present trials, when cattle were subse- 
quently fed ad !ibituvv2 grass intakes. Feed restriction re- 
duced recoveries to 21%. Clearly, recovery of the winter 
deficit is sensitive to post-restriction feedin,g levels ‘but, 
in the experiments reported here intakes under grazing 
were incapable of definition. 

Wilson and Osbourn (1960), in reviewing the compensa- 
tory growth phenonemon, state that restriction followed 
by better feeding leads to a higher body fat content than 
continuous good feeding. Meyer et a2. (1965) found that 
body fat content, marbling score and back fat thickness 
was reduced in steers exhibiting compensatory growth on 
fattening rations and on pasture. Lawrence’ and. Pearce 
(1964) obtained very similar carcass characteristics fol- 
lowing compensation and suggested that late, maturing 
tissues are the more likely to be retarded and that.bone 
and muscle, rather than fat, are laid down in colmpensat- 
ing growth periods. The trials reported here- sho’w that 
partial recovery of winter deficits did not alter ultimate 
carcass composition. As carcass composition immediately 
prior to better feeding was not determined, subsequent 
changes.are not known. It is possible, therefore, that the 
ultimate equivalence elf boldv fat content was the result, 
of an enhanced recovery of fat,following the limited live- 
weight, and possibly fat losses of the restrictive period. 

These trials have not established an economic justifica- 
tion for exploitin,g compensatory growth, dependent as 
they were on hay costs. The considerable variation in the 
magnitude of post-winter recovery rates indicates that re- 
sponses are largely unpredictable for grazing animals and 
are likely in most cases to fall short of full recovery in 
the period before slaughter. Clearlv many factors govern 
the size of the response and only few have yet been sub- 
jected to experimental study. Nevertheless, although the 
control of factors such as severity and duration of restric- 
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tion, age and state of development of the animals and the 
nature, level and duration of the post-restrictive phase, 
may lead to predictable results, much will be needed to be 
known in the New Zealand grazing situation before the 
practice of restricted winter feedirrg can be adopted in 
growing beef animals. 
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