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The relative intake of three Merino strains under different grazing regimes 
estimated using alkane technology 

M.A. FRIEND, G.E. ROBARDS, A.R. LINDSAY AND S.C. CHAMPION 

Department of Wool and Animal Science, University of New South Wales, Sydney NSW 2052 Australia. 

ABSTRACT 

Ninety 1991 drop Merino wethers, thii from each of fine, medium and strong wool strains were randomly allocated on the basis of 
stratified live weight within strains to one of three treatment groups. The first treatment involvedgmzing ample good quality natural or irrigated 

pasture (H) throughout the experiment so that the sheep remained in good to excellent condition throughout. The second involved grazing 
restricted amounts of poor quality natural pasture Q throughout the experiment so that the sheep remained in backward store condition. As 
a control, a third group (C) grazed natural pasture such that the sheep subject to seasonal variations in pasture quality and quantity and their 
condition varied from store to forward store throughout the experiment. 

Intake was estimated on two occasions; in February 1994, and July 1994, by dosing with controlled-release alkane capsules. Pasture 
samples were taken at these times based on observation of sheep grazing patterns. However, later analysis showed that the pattern of alkanes 
in the collected herbage was different to the alkane pattern in faecal samples, indicating that the herbage samples were not truly representative 
of the herbage consumed by the sheep, particularly at the summer sampling. 

Actual intake (AI) (expressed as kgOM/day -f SE), averaged over the three strains and three pasture types was estimated to be 1.54 f 
0.034 in February and 1.52 zt 0.037 in July; a non-significant difference. The average AI of group L (1.61 rt 0.037) was significantly higher 
fhan either group H (1.55 f 0.033) or C (1.42 f 0.032). No significant difference in AI existed between the strains. When intake was corrected 
for live weight (metabolic intake, MI - kgOM/day/kgLW7S f SE), fine woo l sheep had a significantly higher Ml (0.088 f0.0021) than either 
strong (0.082 f 0.0019) or medium wool (0.082 rt 0.0019) sheep. 
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INTRODUCTION 

Feed intake is one of the most important factors deter- 
mining the productivity of wool-growing sheep. Variation in 
the intake of pasture by grazing ruminants has a major influ- 
ence on their performance, making an accurate estimate of 
intake highly desirable. Much effort has heen devoted to 
developing systems for estimating intake by grazing animals, 
and research continues as most systems have sampling, ana- 
lytical or accuracy problems. Until recently the most reliable 
method appeared to be the use of chromium oxide as a faecal 
output marker, combined with an estimation of mixed pasture 
or individual species digestibility, the digestibility estimate 
usually being made by an in vitro technique on herbage 
collected with sheep fistulated at the oesophagus (Dove 1993). 
However, as a single estimate of digestibility is applied to all 
animals, the technique can really only yield data on average 
intake, not individual intake. In addition, any errOr in the 
estimate of digestibility can result in a large error in estimated 
intake (Dove 1993). 

Overtbelasttenyearsanewtechniquehasevolvedbased 
on the use of n-alkanes which occur as saturated hydrocarbons 
in the cuticular wax of most plant species (Dove, 1993). The 
technique relies on measuring faecal concentrations of adja- 
cent alkanes; an alkane with an odd number of carbon atoms 
(for example, C,,) naturally occurring in the plant wax and the 
adjacent alkane with an even number of carbon atoms (for 
example, C,,) being given as an oral dose. As alkanes are not 

fully recoverable from ruminants the method depends on 
similar recoveries of adjacent alkanes. Advantages of using 
alkanes as markers to estimate grazing intake are that an 
individual digestibility is calculated for each test animal and 
there appears to he little problem with diurnal variation of the 
marker in the faeces (Dove and Mayes 1991). 

Alkanes have given reliable estimates of intake (Mayes 
et&., 1986) and have been applied to the estimation of intake 
in stocking rate experiments involving simple pasture combi- 
nations (Dove et al, 1989). However, there are no reports of 
the use of alkanes to estimate intake of pasture under more 
extensive grazing systems, or of the value of alkane-based 
estimates of feed intakes as affected by breed, strain, pasture 
type or season. In addition, there are no reports on whether 
hand-harvesting of a diverse pasture will yield a sufficiently 
representative pasture sample for an accurate intake estimate. 

The experiment reported here was designed to use alkanes 
to estimate the intake of three Merino strains grazing on three 
different pasture regimes in two seasons. 

MATERIALS AND METHODS 

ExperimentaZ site: The experiment was conducted at the 
University of New South Wales field station at Hay in south- 
western New South Wales where the mean annual rainfall is 
363 mm. The dryland pastures consisted of a diverse mixture 
of native and naturalised species, while some sown irrigated 
pastures were available. 
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Experimental animals: The sheep were part of a wool 
growth study which involved the comparison of three year 
old fine, medium and strong-wool Merino wethers grazing 
each of three pasture allocations for one year. For the purpose 
of this intake study, five sheep of each strain on each pasture 
allocation were selected by stratified randomisation based on 
live weight (5 sheep x 3 strains x 3 pasture allocations = 45 
alkane-dosed sheep). Live weight was recorded every six 
weeks throughout the experiment and corrected for estimated 
fleece weight. 

Experimental pastures: The three pasture allocations 
were designated high (H), control (C) and low Q. The H 
group involved the sheep grazing natural pastures at times of 
the year when they were of good quality and available in 
abundance, and irrigated pastures at other times, so that the 
sheep remained in good to excellent condition. In contrast, the 
sheep in the L group were restricted to low levels of poor 
quality natural pastures. When pasture conditions improved, 
the L group was offered pasture which had previously been 
heavily grazed. The result of this management was that the 
sheep remained in backward store condition. The C group 
was not subjected to any particular grazing management, 
hence their condition varied throughout the year. 

Faeces sampling: The experiment was conducted in 
both summer and winter, with alkane dosing occurring on 14 
February and 23 June 1994, and the subsequent daily faeces 
sampling occurring on 21 to 24Febmary and 30 June to 3 July 
1994, respectively. The slow-release alkane capsules were 
prepared and standardised by CSIRO (K. Ellis, personal 
communication) and administered using a Captec dosing 
gun. The release rate of alkanes from the capsules used in 
February was 55mg/day, and 5lmgIday from the capsules 
used in June. The capsules had a maximum life of 25 days. 
Faecal sampling over four consecutive days commenced 
seven days after dosing by which time the faecal concentra- 
tion of dosed alkanes should have reached equilibrium (Dove 
and Mayes 1991). 

Pasture sampling: A pasture sample was collected from 
each of the three grazing areas in each season by sampling 
from ten different sites within each grazing allocation and 
then pooling equal subsamples for analysis. The pasture was 
plucked, avoiding coarse stem material or individual species 
not generally seen to be eaten by the sheep in observations 
prior to the sampling periods. The apparent accuracy of the 
sampling procedure was assessed by comparing the pattern of 
alkanes occurring in the collected herbage with the alkane 
pattern in the faecal samples. That is, each alkane with anodd- 
numbered carbon chain (Cz5 to C,,) was expressed as a 
percentage of the sum of the alkanes with odd-numbered 
carbon chains, and the percentages calculated for the herbage 
samples were compared with the corresponding percentages 
calculated for the faecal samples. 

Laboratory analyses: Faecal samples were dried at 60°C 
for 48 hours, ground to pass a lmm screen and then lg placed 
in a McCartney bottle with 0.5mg of tetratriacontane (C,, 
alkane) as an internal standard. Pasture samples were dried at 
60°C for 48 hours and ground through a lmm screen before 
1.5 to 2g was subsampled for analyses. The samples were 
processed using a technique (H. Dove, personal communica- 
tion) similartothatofMayesetal. (1986), withfmalreadings 
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being taken on a gas liquid chromatograph (Dove, 1992). 
Individual alkanes were identified from their retention times 
on the column, and peak areas on the printout were converted 
to concentrations of alkanes (in ppm) by reference to the 
internal standard (Dove, 1992). The relative concentration of 
the naturally occurring (C,,) and dosed (C,,) alkanes in both 
herbage and faeces samples were used to calculate the herb- 
age intake in kilograms of organic matter per day. 

Pasture samples were also analysed for nitrogen using a 
kjeldahl system, and acid detergent fibre using the method 
described by van Soest (1963). Dry matter digestibility was 
estimated from nitrogen and acid detergent fibre percentages 
(Oddy et al. 1983), and metabolisable energy of the samples 
was estimated from the dry matter digestibility. 

Statistical analyses: The data were analysed by the 
GLM procedure of SAS on a Vax computer. Pasture and 
strain of sheep were treated as main effects and season was a 
subplot effect in the factorial design. 

RESULTS 

Pasture samples: As pasture sampling was by plucking, 
and judgements were made about selection by the sheep, it 
was important to assess the apparent accuracy of the pasture 
sampling procedure. Comparisons between the pattern of 
alkanes occurring in faeces and herbage samples showed 
some variation, particularly in the proportions of C,, and Cs3 
alkanes, and particularly in the summer samples from the low 
and medium grazing areas. As the variation for C,, was less, 
it was used for estimation of intake. 

Estimated intake: Actual intake (AI = kgOWday f SE), 
averaged over the three sheep strains and the three pasture 
typeswasestimatedtobe 1.54f0.034inFebmaryand 1.52f 
0.037 in July; a non-significant difference. When considered 
between pasture allowances averaged over strains and seasons 
them was a highly significant (P < 0.05) differences between 
the mean AI of 1.42 f 0.032 for the C group, and both the H 
(1.55 III 0.033) and L (1.61 f 0.037) groups. There was no 
Si~~~tdifferencebetween~emeanAIoftheLandHgroups. 

No significant difference in AI existed between strains. 
When corrected for live weight, the mean metabolic intake 
(MT = kgOM/day/lcgLwO~75 & SE) of the finewool sheep 
(0.088 + 0.0021) was significantly higher (P c 0.05) than 
either the medium wool sheep (0.082 f 0.0019) or the strong 
wool sheep (0.0082 + 0.0019). 

TABLE 1: Mean actual intakes (kgO~/day) of strains and grazing 
groups in each season. Mean estimated fleece-free live weights are shown 
in brackets. 

Strain Strong Medium Fine 

Pasture and Season 

High - February 1.93@* (55.0) 2.07h* (53.5) 1.6.5&@* (46.0) 
Control - February 1.3W’* (5 1 .O) 1.31.h‘* (54.0) 1.34*k* (40.5) 
Low - February 1.47W* (46.5) 1 .p** (46.0) 1.271b* (36.0) 
High - July 1.2tib* (56.0) 1 .W* (52.0) 1.33ab’** (51.0) 
Control - July 1.5WM’* (5 1 .O) 1.52&* (55.5) 1.4W* (46.0) 
Low-July 1.82+** (50.0) 1.83’@* (48.0) 1.78”‘@** (40.0) 

Meanswith*SE=0.099,**SE-O.l217;***SE-0.1517 

qbs*.: Means with different letters are significantly different at P < 0.05. 
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Pasture analysis: Estimated crude protein percentages 
(%CP), metabolisable energy (MJ ME/kg DM) and dry 
matter digestibility (%) values for the three pasture allow- 
ances are shown in Table 2. Digestibility values were calcu- 
lated by the method described by Dove and Mayes (1991). 

TABLE 2: Estimated mean crude protein (%), metabolisable energy 
(MJME/kgDM) and digestibility (%) values for the three pasture allow- 
ances in both seasons. 

High (Feb) 
High (July) 
Control (Feb) 
Control (July) 
Low (Feb) 
Low (July) 

cN& stein 
16.90 f 0.264 
18.43 f 0.010 
11.34 f 0.038 
10.96 rt 0.043 
10.27 f 0.04 

11.06*0.025 

ME 

10.40 
9.72 
8.67 
7.52 
7.77 
7.79 

Digestibility 

80.57’ rt 1.337 
77.54= * 1.444 
69.12b f 1.337 
54.19 f 1.337 
67.9Sb i 1.337 
66.206 f 1.544 

a*b+ Means with different letters are significantly diierent at P c 0.01. 

DISCUSSION 

The mean intake estimated in this experiment was 1.53 
kg OM/day or about 1.7 kg DM/day. As the overall average 
live weight of the sheep was 48 kg this indicates an intake 
equivalent to 3.5% of live weight. This relatively high value 
may have resulted from an underestimate, particularly in 
summer, of the level of C,, in the intake of the sheep, as them 
was some discrepancy between herbage and faecal alkanes 
indicating the herbage sample was not truly representative of 
what the sheep were selecting from the pasture. The intake 
estimation would have been inflated by 17% by an undems- 
timate of C,, of 20%. 

The significantly higher metabolic intake of fine wool 
Merinos relative to strong and medium wools deserves fur- 
ther study as a real difference in this trait would have impli- 
cations for the relative efficiency of wool production of 
Merino strains. The result is different to Lee et al. (1991) who 
found that only 10% of variation in dry matter intake could be 
accounted for by flock among the 15 lines of Merinos they 
studied at Trangie, and even this value declined when live 
weight correction was applied. Similarly, Langlands and 
Hamilton (1%9) noted that a statistically significant differ- 
ence in actual intake of about 10% in favour of strong wools 
relative to fine wools was no longer significant when cor- 
rected for live weight. 

The intake data suggests an interaction between pasture 
allowance and season, with the sheep on the high allowance 
having relatively low intakes in winter compared to summer. 
However, these pasture descriptions related to a year-round 
grazing system and no measures of pasture availability are 
available when the intake estimates were made. However, the 
general similarity in average intake across strains and pasture 
systems in summer and winter is in keeping with the labora- 
tory measures of nutritive value of the pasture samples. The 
average crude protein and metabolisable energy contents of 
the summer and winter pastures were 12.8% and 9.6MJME/ 
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kgDM, and 13.5% and 8.3MJMEfl<gDM, respectively. In 
other years one would expect a higher nutritive value for 
winter pastures at Hay, but the winter of 1994 was severely 
affected by drought, and the pasture, particularly in the high 
pasture allocation paddocks contained an unusually high 
proportion of mature pasture residues. 

Future studies of intake on mixed dryland pastures such 
as those at Hay would be enhanced by sampling the pasture 
more rigorously, by the use of oesophageally fistulated sheep 
to indicate selectivity of grazing animals, or possibly by 
including a range of even numbered carbon chain alkanes in 
the dose given to the test sheep to estimate the amounts of 
each species consumed (Dove and Mayes, 1991). 

The alkane technique appears to offer a scund means of 
estimating grazing intake of sheep on dryland mixed pastures, 
although particular attention needs to be given to obtaining a 
herbage sample for analysis which is truly mpmsentative of 
what the dosed sheep am consuming as errors in intake estimates 
can be ahnost directly proportional to any errors in estimation 
of the key alkanes consumed by the test animals. 
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