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Abstract 

This study was conducted as part of a broad ecosystem project to 
identify and quantify some of the significant relationships between 
cattle and their environment. Over a period of 1 year, monthly 
measurements were made of Africander cattle ranging on mixed 
tree savanna in the Transvaal, Republic of South Africa. The 
following data were obtained: feed intake, liveweight change, 
crude protein content (CP) and digestibility of the diet, as well as 
the time which was spent feeding and mean bite size. Both CP and 
digestibility of diets influenced the liveweight change of the cattle, 
but only digestibility influenced their feed intake. Their daily feed- 
ing time was short enough and their mean bite size was large 
enough to suggest that the accessibility and distribution of pre- 
ferred plant species within the savanna did not directly limit their 
feed intake. Nutritional requirements of the cattle could be esti- 
mated from relationships between some of the factors, the most 
accurate relationship being that between digestible CP intake and 
liveweight change of the cattle. 

The quality of a diet can influence the feed intake of 
ruminants through its effects on the digestion in the rumen, 
and it can influence the growth of ruminants through its 
effects on the efficiency of converting the food to animal 
tissue (Blaxter 1962). In addition, the accessiblilty and dis- 
tribution of food items amongst the vegetation can influence 
the feed intake and liveweight change of cattle, by limiting 
the amount of feed which the animals can harvest with each 
bite and so affecting the time which the animal spends 
feeding (Chacon et al. 1978). The objectives of the study 
discussed in this paper were to examine the influence of such 
factors on the seasonal feed intake and performance of 
free-ranging beef cattle. This information could be used 
together with results from other ecological studies con- 
ducted by the South African Savanna Ecosystem Project: 
“to develop the understanding necessary to predict changes 
in the ecosystems stability induced by various natural and 
man-made stresses” (Anon 1978). Furthermore, the quanti- 
fication of relationships between nutritional factors and the 
liveweight change of cattle can provide estimates of the 
nutritional requirements of the cattle (Pearson 1972). 

Methods 

This study was carried out on the Nylsvley Nature Reserve 
situated in a mixed tree savanna of the Transvaal at 24’295, 
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28’42’E. Climatic data for the period of the cattle study are sum- 
marized in the Climatogram (Fig. l), showing that most of the 
annual rainfall of about 630 mm fell during the hot, wet season 
from October/November to March. The soils of the reserve have 
been described by Harmse (1977) and the vegetation classified by 
Coetzee et al. (1976). 

Twelve 2-year old Africander steers of about 325 kg liveweight 
were maintained in a single 190-hectare paddock for the duration 
of the study, May 1976 to April 1977. The paddock consisted 
mostly of Eragrostis pallens-Burkea Tree Savanna on poor sandy 
soils, interspersed with a few patches of Acacia-Eragrostis lehman- 
niana Short Tree Savanna on eutrophic soils. These were areas 
which had previously been occupied by subsistence farmers and 
were then preferred feeding sites of the cattle. 

Samples of food eaten by the cattle were obtained each month 
from three esophageal fistulated steers, which were caught and 
sampled in the same places where they were found feeding, using 
the method of Alder (1969). Sampling was carried out for 30 
minutes during the intensive feeding periods in the early morning 

3c 

1976 - 1977 

D - arid period 

P - monthly precipitation 

T - monthly mean of daily mean temperatures 

W - humid period 

X - per-humid period 

Fig. 1. Climatogram for NyIsvley Nature Reserve during the period of the 
cattle study. 
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and late afternoon. A maximum of eight fistula samples were 
collected over a maximum of four consecutive days each month, 
collecting in turn from one steer at a time. In some months only six 
or seven samples could be obtained. These fistula samples were 
dried for 24 hours in a forced air oven at 70” C and hammermilled 
through a 0.5-mm sieve for analysis of crude protein content (CP) 
in the dry matter (Kjeldahl nitrogen X 6.25) and in vitro organic 
matter digestibility (IVOMD) by the method of Tilley and Terry 
(1963) modified slightly by the addition of 43.4 mg urea per ml of 
artificial saliva. The IVOMD results were used as a measure of feed 
digestibility by converting to predicted in vivo digestibilities 
(henceforth referred to as digestibility) using the regression of 
Engels, et al. (1974). 

Fecal output was measured directly by collecting the feces in 
bags attached by harnesses to a maximum of four nonfistulated 
steers each month for the same consecutive days that fistula sam- 
ples were collected. In some months the results from only three or 
two steers were used because the harnesses of the other steers 
broke, but differences in the fecal output between different steers 
and different days of collection were not significant (Zimmermann 
1978). The feces bags were weighed and emptied every 12 hours, 
and after thorough mixing a subsample of feces was taken to 
determine water content (by weighing before and after drying for 
48 hours in a forced air oven at 70°C) and for analysis of its CP 
content. The mean feces output for each month was used together 
with the monthly mean digestibility of the feed to calculate the feed 
intake for each month by: 

Feed intake = Feces output X 100 

100 - Digestibility 

The cattle were allowed access to a nutrient lick in the form of a 
block which contained 27.5% protein and 8.5% urea as well as 
carbohydrates and various minerals. The average amount of lick 
consumed by the cattle was measured by weighing the amount 
given and the amount remaining each month. The lick consump- 
tion was taken into account when calculating the feed intake, its 
CP content and digestibility. 

Each nonfistulated steer was weighed once a week and the mean 
liveweight at each week was plotted on a growth curve. There was 
some week-to-week variation in mean liveweight, probably due to 
differences in rumen fill, so straight lines were drawn to represent 
the probable mean liveweight change of each month. 

One 24-hour behaviour study was carried out each month, in 
which the activity which the cattle were involved in at every fourth 
minute was recorded (Taylor et al. 1955). From this time spent by 
the cattle in feeding was calculated. Some direct feeding observa- 
tions were also made by counting the number of bites which one 
particular steer took of different plant species during 15-minute 
periods. One observer (the author) carried out all the observations 
at a distance of about 4 m from the steer. The observations were 
usually carried out shortly after fistula sampling had taken place, 
so there were a maximum of eight observations per month from 
which a mean biting rate could be calculated. 

Estimates of the amount of vegetation available to the cattle in 
the paddock each month were made by clipping in 30 evenly spaced 
quadrats (0.5 m X 0.5 m) the plant material which was considered 
to be available to the cattle. This was then dried in a forced air oven 
at 70°C for 48 hours and weighed. 

Results and Discussion 

Seasonal Changes in Nutritional Variables 
In Figure 2 the mean values for each month are plotted for 

digestibility CP content, feed intake, and liveweight change 
of the cattle (the latter two being expressed in terms of 
metabolic weight of Wt0*75). There was no apparent seasonal 
change in the amount of lick consumed by the cattle, and the 
average was only 0.91 gm/ Wt0.75/day. The avera e amount 
of CP obtained from the lick was 0.33 gm CP/ Wt 

$ *75/day, so 
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Fig. 2. Seasonal changes in the digestibility and crudeprotein content of the 
food, the amount of food eaten by the cattle, and their liveweight gains. 

the cattle obtained about 2.4% of their total CP intake from 
the lick during the wet season and about 7.7% during the dry 
season. The CP content of the feed in Figure 2 is shown 
separately for CP from the forage and CP from the lick, but 
the difference which the lick consumption made to forage 
intake and digestibility is so slight that it is not shown in 
Figure 2. 

All the factors in Figure 2 were significantly higher during 
the hot wet season. The CP content peaked at the beginning 
of the wet season in October, while the digestibility peaked 
in the middle of the wet season (November/ December). The 
great increase in CP content in the diet from about 5.5% at 

133 JOURNAL OF RANGE MANAGEMENT 33(2), March 1980 



the end of the dry season in September to over 13% at the 
beginning of the wet season was due partly to the greater 
amount of browsing in October. In all other months browse 
only formed an insignificant part (less than 1%) of the cattle 
diets. In October the steers did a lot of browsing on the 
newly flushed leaves of the peeling bark of ochna (Ochna 
pulchra), which made up roughly 20% of the dry weight of 
their food consumption at this time; the fistula samples 
which contained some of these browse leaves had much 
higher CP contents than the other samples collected in 
October (Zimmermann 1978). 

The monthly estimates of the cattle liveweight change in 
Figure 2 show that very little weight was gained in the dry 
season while a small amount of weight was lost in June and 
April. Furthermore in September at the end of the dry 
season when most of the vegetation was dry and of low 
quality, the cattle lost a considerable amount of weight. 
This, however, was due largely to the cattle eating some of 
the poisonous woody geophyte Dichapetalum cymosum, 
which has a large underground storage system and was 
flushing its new growth of leaf at this time. 

Relationship between Different Nutritional Variables 
Linear regressions were calculated to examine the rela- 

tionships between the monthly estimates of various factors 
which are shown in Table 1. The September result was 
omitted when the monthly estimates of liveweight change 
were related to other seasonal changes, because of the effect 
of Dichapetalum poisoning in this month. 

Table 1. Linear regression equations relating mean monthly variables 
concerning nutritional ecology of cattle. All the regressions are 
significant to at least the 5% level. 

Coefficient 
95% of deter- 

Equation Confidence mination 
Number Linear regression equations limits (t-1 or RI 

Eq. 1 
Eq. 2 

Eq. 3 
Eq. 4 

Eq. 5 
Eq. 6 
Eq. 7 
Eq. 8 

Eq. 9 
Eq. 10 

Eq. II 

Intake’ = 1.69 Digestibility* - 1.9 
LWT change3 = 0.83 Digestibility - 

4.41. 
LWT change = 0.30 Intake - 24.1 
LWT change = 0.36 DOM intake4 - 

16.0 
Intake q  2.53 CPS •t 77.7 
LWT change = 1.70 CP - 9.7 
Digestibility = 1.51 CP -I- 46.9 
LWT change = 0.50 Digestibility -I- 
0.91 CP- 32.32 - 
LWT change = 1.27 CP Intake6 - 5.9 
LWT change = 1.72 DCP Intake’ - 

4.0 
Intake = 1.59 Digestibility = 0.50 CP 

1.15 

f 17.2 0.56 
f 4.6 0.82 

f 7.1 0.58 

f 21.3 0.32 
f 5.0 0.79 
f 7.2 0.59 

0.91 

f 4.3 0.84 
f 3.6 0.89 

- 0.60 

‘Intake = Organic matter food intake per metabolic weight of steer (gm 
IM / Wp73/ day.) 
2Digestibility = Or@anic.matter digestibility of the cattle diets (ai. 
3LWT change = LiveweIght change of the cattle (gm LWT/ Wt /day). 
4DOM Intake = Digestible organic matter intake per metabolic weight of steer (gm 
DOM / Wt0.‘3/ dav). 
SCP =‘Crude’prdiein content of cattle diets (% in drv matter). 
6CP Intake = Crude protein intake per metabolic weight of steer (gm CP/ Wt0.73/&y). 
‘DCP Intake = Apparent aigestlble crude protem Intake per metabolic weight 01 steer 
(gm DCP/ Wt0.73/ day). 

Equation (Eq) 1 in Table 1 shows that digestibility of the 
feed correlated to some extent with the feed intake of the 
cattle (r2 q  0.56). Since digestibility and feces output were 
both used to calculate feed intake, the variations in feces 
output contributed less to intake variability. 

Good relationships are generally found between digesti- 
bility of feed and intake of ruminants (Holmes and Jones 
1965), but Thomas and Campling (1976) concluded that at 
high levels of digestibility (over 70%), there may no longer 
be any relationship. At lower levels of digestibility, it is 
primarily the rate of fermentation of the cellulose and hemi- 
cellulose content of the food which determines the rate of 
passage of food through the rumen and hence the feed intake 
(Blaxter 1962). Since digestibility is often related to the rate 
of fermentation in the rumen, there is also some relationship 
between digestibility and intake. 

Digestibility correlated well with the liveweight change as 
seen from Eq. 2 in Table 1 (r 2 = 0.82); but since Eq. 1 gave a 
poorer correlation, the influence of digestibility on live- 
weight change does not seem to have been due mostly to the 
influence of digestibility on feed intake. In fact the feed 
intake did not correlate particularly well with the liveweight 
change as seen in Eq. 3 (r 2= 0.58) while the digestible organic 
matter intake resulted in a better correlation to liveweight 
change (Eq. 4 r2 q  0.78). The fact that digestibility is an 
integral part of the digestible intake is probably the reason 
why digestibility correlated better with liveweight change 
than with feed intake. 

From Eq. 2 and 4 it would seem that for maintenance 
these steers would require food with a digestibility of about 
53% or a digestible organic matter (DOM) intake of about 
44 gm DOM/ W?.75/day. This is somewhat higher than the 
maintenance requirement of about 30 gm DOM/ Wt@75/ day 
determined by Elliot et al. (1961) for Africander cows rang- 
ing on Brachystegia savanna in Rhodesia. 

The CP content of the food correlated poorly with the 
feed intake (Eq. 5, r2= 0.32) but correlated more closely with 
the liveweight change of the cattle (Eq. 6,r2= 0.79); however, 
since there is also some degree of relationship between CP 
content and digestibility of the food (Eq. 7, r2= 0.59), it was 
not clear whether the relationship between CP and live- 
weight change was due to auto correlation. A multiple linear 
regression performed on the data, using both CP and diges- 
tibility as independent variables on liveweight change (Eq. 
8), gave an R2 of 0.91. This is an improvement on using 
either digestibility alone (Eq. 2, r2= 0.82) or CP alone (Eq. 6, 
r2= 0.79), so both CP and digestibility of the food had some 
influence on the liveweight change of the cattle. Since these 
factors are both used in calculating the CP intake and the 
apparent digestible crude protein (DCP) intake of the cattle, 
it is not surprising that the liveweight change correlated well 
with the CP intake (Eq. 9,r 2= 0.84) and with the DCP intake 
(Eq. 10, r2= 0.89) from which maintenance requirements can 
be estimated as 4.7 gm CP/ Wt0*75/day or 2.3 gm DCP/ 
Wt@75/day. The latter is somewhat lower than the mainte- 
nance requirement for nonlactating Africander cows of 
about 2.5 gm DCP/ Wt0*75/day calculated from the data of 
Elliot et al. (1961). From Eq. 6 it was estimated that the 
steers needed food with a CP content of about 5.7% for 
maintenance. Plowes (1957) reported that Africander cattle 
grazing in Rhodesia required a CP content in the feed of 
5-6s; and Karue (1975) reported that to supply the min- 
imum protein requirements for maintenance of East African 
zebu cattle, grass with a CP content of about 7% was 
required. Equations 2-6 together with Eq. 9 and 10 could be 
used to estimate the nutritional requirements of the steers 
for particular liveweight changes. 

Multiple linear regression of CP and digestibility on the 
feed intake of the cattle gave an R2= 0.60 (Eq. 11) which is 
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almost the same as digestibility alone (Eq. 1 r2 = 0.56). 
Therefore it seems that CP content of the forage did not 
affect feed intake; the small amount of correlation existing 
between these two factors (Eq. 5, r2= 0.32) must have been 
due to the influence of digestibility. 

Digestibility and CP content were obviously not the only 
factors which influenced the cattle liveweight changes since 
even the best correlation in Table 1 only gave a coefficient of 
determination of 0.91 (Eq. 8). Factors such as other nu- 
trients, toxic compounds, prevalence of internal parasites, 
and the adaptability of rumen microbes to change in feed 
quality might also have had some influence. Such factors 
might have been partly responsible for the reduced live- 
weight gains by the cattle in January and March for 
example. 

The influence of Feeding Behaviour 
The results from the behaviour studies were insufficient to 

indicate seasonal changes in feeding time probably because 
the day-to-day variation was too great so that results from 
one day did not represent the average for the month. How- 
ever, the results from all 12 months were used to calculate a 
mean daily feeding time of 546 f52 minutes (95% confi- 
dence limits). 

The longest feeding time recorded was 666 minutes during 
the October behaviour study; this was probably due to the 
considerable amount of browsing which occurred at this 
time. Since cattle are not well adapted for browsing (Hafez 
and Schein 1962), they presumably had to spend more time 
for each unit of intake than they would when grazing; so the 
higher CP content of the browse probably warranted the 
extra time spent consuming it, since there was already suffi- 
cient good quality grass by this time (Zimmermann 1978). 

During the progessive defoliation of a grass sward, 
Chacon et al. (1978) found that cattle increased their feeding 
time up to a peak and then decreased their feeding time as 
even less suitable herbage became available. They found 
that this decreased feeding time greatly reduced the feed 
intake, and presumably it occurred because the extra main- 
tenance requirements of longer feeding times were not worth 
the effort. The daily feeding time of zebu steers in Zambia 
was found by Smith (1959) to vary from 480 minutes during 
the wet season to about 780 minutes during the dry season 
when the steers were losing weight. This latter feeding time 
probably approaches the maximum which cattle could 
achieve, since no data were found in the literature to indicate 
longer feeding times. The condition of the vegetation at 
Nylsvley does not appear to have been too poor, since all the 
daily feeding times observed were considerably less than 780 
minutes. 

The biting rate data were unreliable for the months May 
to July, and even for the other months they were too variable 
to indicate seasonal changes. The results from these other 9 
months were used to calculate a mean biting rate, which was 
then used together with feed intake results and daily feeding 
time results to calculate a mean bite size for each month. 
When averaged over the 9 months the mean bit size was 0.34 
f 0.07 gm OM per bite. From theoretical considerations 
Stobbs (1974) calculated that the critical level for a 400-kg 
animal to achieve adequate intake is 0.3 gm OM per bite. 
Since the average liveweight of the steers at Nylsvley rose 
from 255 kg to 395 kg over the year of the study, it seems that 
the bit size which they were able to achieve was large enough 
to have resulted in adequate feed intake. 

The estimates of the amount of plant material available to 
the cattle varied from about 500 kg/ha in September to 
about 960 kg/ha in March. So even in September the 
amount of forage consumed by the 12 steers was less than 
0.1% of what was available. However the cattle were highly 
selective amongst the plant material for plant species, plant 
parts, and plant material of different growth stages, and 
there was some competition from wild herbivores for the 
preferred material (Zimmermann 1978). So although there 
was plenty of material available to the cattle, the distribu- 
tion of the preferred material amongst the vegetation could 
still have had a significant influence on the cattle feeding. 

Conclusions 

Under the conditions of this study, both the digestibility 
and CP content of the food eaten by the cattle had roughly 
the same influence on their liveweight change. However, in 
neighbouring Botswana, Pratchett et al. (1977) concluded 
that CP content of the food had a greater influence on cattle 
liveweight gains than did digestibility, so the relative influ- 
ence of CP and digestibility can vary, possibly depending on 
the combination in which they occur and their association 
with other factors such as minerals and toxic compounds. 

The fact that CP content of the food per se had no 
influence on the feed intake of the cattle would suggest that 
the CP levels experienced in this study were not limiting to 
the rumen microbes. When the amount of CP per unit of 
digestible OM is very low, then the feed intake of-ruminants 
can be limited (Weston 1967). Since CP content did not 
affect the liveweight change of the cattle but not their feed 
intake, it seems that a unit of DM intake with a high CP 
content will be converted more efficiently to animal tissue 
than intake with a lower CP content. 

It seems probable that the cattle were managing to fill 
their rumens, since digestibility correlated reasonably with 
the feed intake, so it seems unlikely that the distribution and 
accessibility of food items amongst the vegetation were 
directly limiting the feed intake. This conclusion is sup- 
ported by the relatively short daily feeding times and the 
relatively large mean bite size which the cattle were able to 
achieve. However it is likely that the accessibility and distri- 
bution of food items were indirectly limiting the feed intake 
by influencing the quality of the diet which the cattle could 
obtain in their bites, particularly since the most common 
grass, Eragrostis pallens, was largely avoided by the cattle 
(Zimmermann 1978). 
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