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By D. B. SMUTS and J. S. C. MARAIS, Section of Nutrition,

Onderstepoort.

Oxk of the major problems with which the sheep and cattle industry
of the summer rainfall areas is continually confronted, 1s the
tremendous loss in weight of animuls during the winter months.
This progressive decline in welght becomes even more complicated,
when it 1s realized that the prevailing phosphorus deficiency of the
pasture during winter is not exclusively responsible for this abnormal
phenomenon of weight reduction. In fact it has been shown on
nuwmerous occaslons that the administration of phosphates or phos-
phatic licks alone does not remedy this condition. It would, there-
fore, appear as 1f the whole question of weight loss 1s either due to
a complex nutritional deficiency or to an inadequate food consump-
tion which may be associated with the fibrous and highly lignified
state of the winter pasture. However, these assumptions are at
present mere speculations and can only be settled one way or another
by a systematic analysis of the entire problem as it appears in prac-
tice. It is also clear, that whatever method of attack is employed,
one common and insurmountable factor, namely, the estimation of
the amount of grazing consumed per day, remains an obstacle in the
ultimate and final solution of this very important economic problem.
Thus to w conclusively and in a scientific manner that e1 1
protein, pnosphorus, energy or the entire complex is deficient in
winter grazing, it seems imperative that the amount of grazing con-
sumed, the quantities of these elements present as well as their
utilizability by the animal, should be known. On this basis alone
can the magnitude of such a deficiency be determined and scien-
tifically rectified.  Other methods of establishing nutritional
deficiencies, such as differences in gain in weight between supple-
mented and unsupplemented rations or changes in the chemical com-
position of the blood or tissues, merely indicate the possibility that
such a deficiency exists, but neglect the basic information of total
intake and utilizability without which scientific and economic supple-
mentation of the deficient element become mere approximation.

Apparently little attention has been given tn this aspect of work
in the past. Recently. however, Garrigus and have measured
the dry e n of e ry and brome
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grasses. Their method consisted in determining the daily dry matter
of the faeces voided and the percentage digestibility of the dry
matter of these grasses. From these figures they could then calculate
the dry matter consumed by their animals. Woodman and Evans
on the other hand utilized the organic matter of the faeces and the
percentage digestibility of the latter elements to measure the grass
consumption of their sheep. We have adopted the method of
Garrigus and Rusk for our work.

KXPrLRIMENTAL.

The experiment to be described was conducted at the Ermelo
Experimental Station. The general conditions at this station in
respect of rainfall, growth of pasture and seasonal fluctuations in
protein content of the natural flora are fairly representative of the
entire Transvaal. Twenty sheep belonging to a grazing flock were
utilized for this work. In order to maintain the natural conditions
of grazing, these sheep were not separated from the rest of the flock.
At the start of each collection period, specially constructed metabolism
bags, which fitted tightly round the hindquarters of the sheep, were
put on to each sheep two days prior to the actual collection. This
preliminary period was essential to accustom the sheep to the meta-
bolism bags and prevent unusual restlessness. After this preliminary
period the sheep did not seem to take any notice of the metabolisin
bags and grazed about normally. The collection period proper was
then started. The netabolism bags were put on early in the
morning and changed during the late afternoon. For the purpose of
Chanomo the metabolism baﬂs a temporary camp consisting of wire
noftlnw fixed to a few pole% was constructed in the corner of the
existing camp. The flock was then grazed slowly towards this
temporary camp, and interned. With the help of two native
assistants the experimental sheep were carefully separated from the
rest «  the flock and the metabolism bags removed, while others
were 1mmediately put on. As soon as all the bags were changed,
the wire netting constituting the temporary camp was let down and
the sheep allowed to graze. The metabolism bags containing the
faeces were removed to the laboratory, where the faeces were spread
out a1 allowed to sun-dry. The daily sun-dried faeces were then
caref1 vy weighed and 10 per cent. aliquots taken and stored in air-
tight truit jars. Total dry matter was then determined on a repre-
sentative sample of the entire 10 days’ aliquot. During the 10 days’
collection period representative grazing was cut by fOHO“lI]O“ the
grazing sheep. This grass was utilized for the metabolism studies
and the determination of the digestibility of the dry matter. From
the daily dry matter of the faeces and the digestibility of the dry
matter the dry matter consumption was calculated.

Collection periods were so arranged as to take place during
the different seasons of the year. Hence collections took place dunnﬂ*
January, April, July and October. TIn this way it was anticipated
to obtain information on the plausibility of the assumption that sheep
consume comparatively more grazing during summer than during
the winter months.
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ExprriMERTAL RESULTS.

1 Table I is given the percentage digestibility of the dry matter
of the grazing during the different seasons of the year. It
will be noted from the data presented in the above table, that there
is very little variation amongst the indi\idual digestibility figures
of the same period. Consequently it 1s only fair to assume that the
average digestibility for the different periods is also representative
of the natural grazing during those seasons of the year. On this
basis, therefore, the mean dry matter digestibility of each period was
utilized for the ultimate calculation of the dry matter consumed from
the dry matter contained in the faeces.

It is interesting to note that during July, when the grazing is
dry, fibrous and highly lignified, the protein content drops as low
as 3-1 per cent. During this period the digestibility of the dry
maftter of the grazing also reaches its lowest level, namely 43 per cent.
‘With the first summer rains and the beginning of the growing stage
in October, the protein content of the natural flora increases rapidly
to appm:umately 9-9 per cent. There is also a corresponding increase
in the percentage digestibility of the dry matter during this month.
During January there is apparently very little dlfferenve in the
dwestlblhty of the dry matter in comparison with that of October.
The average figures are 58 and 60 respectively. As soon as winter
conditions set 1n and the grazing becomes dry as happens in April,
there is again a decided drop in both the protein content and the
digestibility of the dry matter. The average percentage digesti-
bility of 46 per cent. corresponds closely with the figure obtained
during aly.

In Tables 2, 3, 4 and 5 are reproduced the results relative to
the calculation of the dry matter consumption of sheep during the
different seasous of the year.

Several interesting points arise from a detailed consideration of
the data. Thus it will be noticed, that the average daily weight of
the sheep increases or decreases accordlno to the protein content ‘of the
pasture and the season of the year. Durm@ the middle of winter as
represented by our July figures the protein “content of {he pasture as
well as the average weight of the animals are the lowest for the year.
When the nltlouen content increases from 0-49 per cent. in July to
1-44 per cent. in October, there is also a corresponding increase in
welght from 28 Kgms. to 33 Kgms. In January the nitrogen content
is still fairly hlgh and averages 1-17 per cent. The average weight
of the sheep is at its best durlnw this month and averages 40 Koms
From January onwards the grazing matures fairly f'Lsf so much so
that the nitrogen content drops to 0-73 per cent. In Apnl This
decided drop in nitrogen also reflects on the weight of the sheep.
There is consequently a noticeable drop in weight to 39 Kgms.
during April.

Another 1nterestmo‘ feature is the fact that the dry matter
excretion on grazing does not seem to bear any relation to the con-
dition. stace of erowth or to the seasonal fluctuations in vprotein
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magnitude. Thus the constant obtained under July conditions is 94,
for October 57, for January 56 and for April 55. By including the
above constants in the Kleiber equation, the dry matter consumption
was predicted from the weights of the animals and compared with
the dry matter consumption actually determined in each period. In
column 10 of the tables the percentage deviation has been calculated.
From these figures 1t will be seen that the predicted figures agree
extremely well with the determined values. The average percentage
deviation in the July figures 1s +9 per cent., in October +9-8 per
cent., in January +8:8 per cent. and in April +5 per cent.

These small variations together with the fact that the constants
of the individual periods are very similar, opened the possibility of
utilizing a common constant, for the general prediction of the dry
matter consumption of grazing sheep over the year. In this way
the average of the four constants was applied to the Kleiber equation
and the predicted results compared with the determined value. This
formula now reads as follows DM =56 W3, where DM equals dry
matter in grams, and W weight in kilograms. In column 11 of the
respective tables are given the predicted values of the daily dry
matter consumiption, according to the above formula. In column 12
these values are compared with the determined values and the per-
centage deviation determined. As will be seen the average percentage
deviation in July is +11 per cent., in October +9-5 per cent., 1n
January +8-8 per cent. and in April +5-2 per cent. 'The average
deviation from all the periods is only +9 per cent. This deviation
is extremely small when compared with such biological constants as
basal metabolism and the endogenous nitrogen.

Discussion or REsvrrs.

From the results of this investigation, it is evident that while
the average daily dry consumption varies with the season of the year,
and consequently with the protein coutent of the pasture, 1t 1is
extremely constant when expressed per unit of weight, per ¥ power
function of the weight or per sq. meter of body surface. Ifrom these
data it would further appear as if the capacity for dry matter con-
sumpti  is related in the same manner as the basal metabolism, to
the surrtace area or # power function of the weight. This would
mean, that there 1s no justification to assume that sheep eat propor-
tionately more per unit of weight of the swmmer grazing than of
the winter grazing. In fact it appears as if the weight of the animal
is the dominating factor and not the condition of the grazing. This
interpretation would, therefore, favour the argument, thai the loss
in weight assoclated with winter grazing 1s definitely not due to the
fact that sheep consume less winter grazing but justifies the view
that the winter grazing is nutritionally inferior 1o the swmmer

grazing. In other words the nutritional deficiencies in e winter
grazing are so great that the same quantity of winter grazing per
unit of weight cannot satisfy the requirements of the an Is in the

same efficient manner as the summer grazing. It can therefore be
regarded as an established fact, that the periodic decline in weight
Of 51“1‘1’11“1“ dvivineee vwaintar 1c accenciatad with a ’1°ﬁciellc}v ()f Certaiu
ess al
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From a scienfific aspect it is interesting that the dry matter
consumption under natural grazing conditions should be as closely
correlated with the power function of the weight of an animal as the
basal metabolism and endogeuous nitrogen. The # power function
of the weight of an animal is in all probability a very representative
measure of the protoplasmic mass, which regulates the intensity of
the basal metabolism as well as the endogenous nitrogen and may
equally be responsible for the regulation of the appetite of an animal
or in other words its feeding capacity. It is quite possible that both
the basal metabolism and the endogenous nitrogen may be lowered
during the winter months. In fact a few preliminary measurements
of the endogenous nitrogen under conditions similar to those of the
winter grazing conditions indicate strongly that such is the case. It
can therefore 1eadily be appreciated, that the lowered intensity of
the protoplasmic reactions to conserve as far as is possible its own
tissues, becomes a biological mnecessity. This natural condition of
economic conservation, through a lowering of the inteusity of the
protoplasmic reactions may in all probability also be extended to the
appetite or food capacity of the animal and indirectly to its live-
weight.

Whatever the explanation may be for this striking correlation
between weight and dry matter consumption, it is nevertheless of
practical importance that the dry matter consumption under grazing
conditions can readily be calculated from the weight of the animals.
‘Whether the established equation will hold true under all conditions
of grazing, and which factors may influence its general applicability,
1s a problem of the future. However, for comparative purposes it is
interesting to compare the results of Garrigus and Rusk and Wood-
man and Kvans obtained under quite different conditions. According
to our formula a 100-pound sheep would eat 981 grams of dry matter.
Woodman finds that a sheep of 131 pounds would consume approxi-
mately 3-01 pounds of dry matter. On the basis of a 100 1b., such
a sheep would consume 1,044 grams of dry matter. Garrigus and
Rusk finds that a 600-1b. steer would consume approximately 13 1b.
dry matter which is equivalent to 989 grams per 100 1b. Our calcu-
lated value of 981 grams per 100 1b. differs by 63 grams from Wood-
man’s value and with 18 grams from the average value of Garrigus.
It would therefore seem as if the relationship between dry matter
consumption and weight holds good for steers as well as sheep under
unrestricted conditions of natural grazing.

Stmmary aAND CONCLUSIONS.

From a study on the dry matter consumption of sheep under
natural conditions of grazing, it is evident that the quantity con-
sumed is not a factor in the loss of weight in sheep during winter.
It appears from these data that the decline in weight is specifically
due to a rapid depletion of nutritive elements from summer to winter
grazing. 1t has further been shown that the dry matter consumption
of sheep 1s correlated with the weight of the animals and that it can
be predicted with success from the following equation DM — AW,
v T ec Js T - matter in ' W weight K1 8.
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Tanre 1.
Digestibility of Dry Matter during Different Seasons of the T ear.

Jury, 193! ER CENT N,
. .  Dry Matter ' Dry Matter | Digestibility
. ' 3 =
Animal No. ‘ Weight. ! Intake. In Faeces. of Dry Matter.
S JE— ‘, - _ ,,,‘ — ‘ . — [
Kilogram. Grams. Grams, Per cent.
\ 46 448 1 257 43
e ‘ 45 426 ‘ 261 39
2 42 431 214 : 50
Ao 50 422 237 44
ES 42 378 224 41
[ : S
AVERAGHE ... ....... I — — . — ‘ 43
— D—— /= i —— T
OCTOBER, 1938—1-44 PER CENT. N.
38247, ... 56 611 246 | 60
49612.. ... ........... 33 723 336 } 54
38252, ... \ 44 470 194 59
38243.. ... ... . | 48 602 253 58
39292 ... | 52 622 263 58
AVERAGE .......... | — — — | 58
JANUARY, 1939—1-17 PER CcENT. N.
38248. ... ... 32 1 515 211 . 59
49612.. .. ... ... ... .. 52 | 660 ! 382 | 56
38252. ... 42 1 573 225 ! 61
38240................. 44 692 260 62
38000................. 45 ‘ 469 171 64
AVERAGE ... ....... ! — — } — | 60
APRIL, 1939—0-73 PER CENT. N.
. W‘ o
38248, ... ... ... i 43 430 218 49
49612, ... .. 46 455 ' 240 47
38252, ... il 41 427 i 240 i 44
38240. ..., ... | 41 454 247 46
38249, ... ... 40 I 326 | 179 : 45

AVERAGE .......... — | — ‘ — | 16
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