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Abstract

The effect of feeding a urea-based supplement for the
last 8 weeks of pregnancy was examined on ewes
grazing the grass–shrub steppes of NW Patagonia,
Argentina. The productivity of ewes and lambs and the
utilization rate of the major, less preferred, grass species
(Stipa speciosa, 27% cover) was analysed. In a paddock-
scale experiment, ewes grazed two areas of 450–500 ha
from 15 August to 15 February at a stocking rate of 0·5
ewes ha21. From 15 August to 10 October, one group of
ewes was given access to a urea-based supplement con-
taining 300 g kg21 urea, 320 g kg21 salt, 30 g kg21

molasses and 300 g kg21 bone meal. Average supple-
ment consumption was 3·5 g ewe21 d21. The perfor-
mance of 100 ewes in each of the two areas was
evaluated. Supplemented ewes gained 4·2 kg more live
weight than the control ewes between 15 August and
10 October (prepartum) (liveweight gain was 10·3 vs.
6·1 kg ewe21, P < 0·05). The number of live lambs at 8
weeks of age, as a proportion of ewes mated, was 15%
higher in the supplemented than in the control group
(0·634 vs. 0·553, P < 0·05). A similar increase in the live
weight of lambs at 8 weeks of age in the supplemented
group compared with the controls was also observed
(12·1 vs. 10·6 kg, P < 0·05). In the paddock with the
supplemented ewes, there was a significant increase in
the proportion of Stipa speciosa plants defoliated (0·62 vs.
0·38, P < 0·05) and in the intensity of defoliation of
these plants. It was concluded that urea-based supple-
ments increased productivity of ewes and that this was
likely to be associated with an increase in the intake,
and possibly digestibility, of the less preferred species
such as Stipa speciosa.

Introduction

The population of sheep in Patagonia (Argentina) has
declined sharply over the last four decades (Soriano and
Movia, 1986; Paruelo and Sala, 1992; Sancholuz and
Chaia, 1993). The most likely cause of this reduction in
livestock numbers is the deterioration of the grazing
resource (Soriano and Movia, 1986; Paruelo and Sala,
1992). The high susceptibility of the rangelands of the
region to grazing by sheep may be explained by the
short evolutionary history of grazing in Patagonia
(Milchunas et al., 1988). León and Aguiar (1985)
showed that grazing leads to floristic changes in the
grass steppes of western Patagonia. Primary production
and herbivore biomass declined by 43% and 64%
respectively as a result of those floristic changes and
associated changes in forage quality (Aguiar et al.,
1996). For example, in the ranch where this study was
performed, the historical average (1928–90) of the
number of live lambs per ewe at 8 weeks after the start
of lambing was 0.565 lambs ewe21. The mortality rate of
lambs from that date to weaning at 16 weeks of age was
0·100 lambs lamb21. The number of live lambs per ewe
at 8 weeks of age decreased by 0.017 lambs ewe21 and
lamb mortality rate increased by 0.018 lambs lamb21

per decade between 1928 and 1990 (Figure 1). Asso-
ciated with these changes, the stock numbers decreased
by 960 individuals per decade (average 1928–90 5 24
300 individuals).

In this paper, we focus on one of the hypotheses
related to the decrease in stocking density, which is
associated with the decline in forage quality. Low 
crude protein content in the forage reduces intake by
slowing down the rate of removal of organic matter
from the rumen (Vercoe et al., 1961; Milchalk and
Saville, 1979). It is proposed that the decline in winter
forage quality (e.g. mainly low in crude protein content)
affects lamb production by reducing the voluntary
intake by ewes during the last third of gestation. In this
paper we test two predictions from this hypothesis,
namely that: (1) during the last third of the gestation
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period a nitrogen-based supplement will increase the
defoliation intensity of the dominant low-quality forage
species and (2) this increase in the defoliation of species
of low forage quality will result in an increase in lamb
live weights and number of live lambs per ewe at 8
weeks of age.

The number of live lambs per ewe at 8 weeks of age is
highly dependent on the nutrition of ewes during the
later part of the gestation period and the early part of
lactation (Rattray, 1992). In extensive systems, this
perinatal period must occur when environmental con-
ditions are favourable to both animal performance and
forage production. Because winter in Patagonia is cold
and summer is dry, parturition is restricted to early
spring. By the end of the gestation period (late winter),
88% of plant biomass is old standing dead biomass,
ranging from 300 to 500 g dry matter (DM) m22

(Soriano et al., 1976), green biomass is scarce (10g DM
m22; Fernández et al., 1991) and its quality is low. Using
the data on digestibility and crude protein content
between August and October, reported by Somlo et al.
(1985) and R. Somlo and L. E. Cohen (personal com-
munication) for the different species of the community,
and the corresponding percentage cover measured in
this work, the overall mean dry-matter digestibility
(DMD) and crude protein content of the forage on offer
were calculated to be 0·63 and 66 g kg21 DM respec-
tively. Such low values are due to the dominance of
unpreferred Stipa speciosa and S. humilis species, which
make up > 75% of the green biomass (Soriano et al.,
1976). The calculated crude protein content reported is
within the range for which nitrogen supplementation is
recommended (below 70 g kg21 DM: Vercoe et al., 1961;
Milchalk and Saville, 1979).

Urea-based supplements promote an increase in 
voluntary intake by accelerating the degradation of low-
quality forage in the rumen (Van Soest, 1982; Huston
and Pinchak, 1991). These supplements have proved to
be useful tools in improving sheep performance in
several arid zones (Umunna, 1982; Djajanegara and
Doyle, 1989; Hamadeh et al., 1990; Stephenson et al.,
1992). No information is available, however, on the
effect of urea-based supplementation on sheep perfor-
mance in a cold semidesert such as Patagonia.

Several experiments around the world suggest a clear
effect of supplementation on the performance of pen-fed
sheep; however, responses in the field have been 
less clear (Tudor and Morris, 1971; Mulholland and
Coombe, 1979; Butler et al., 1987). This discrepancy
may arise from several causes: (1) diet selectivity is
more important in field experiments (Tudor and Morris,
1971), (2) diet selection may change with supplementa-
tion (Hatfield et al., 1991), (3) urea often decreases
forage palatability (Bhattacharya and Pervez, 1973;
Butler et al., 1987), (4) unsupplemented sheep may
show compensatory growth in the more favourable
season (Entwistle and Knights, 1974; Mulholland and
Coombe, 1979) and (5) N-restricted sheep may
markedly increase their nitrogen use efficiency by
reducing nitrogen excretion and increasing N recycling
(Farid, 1985; Farid et al., 1989).

The object of the experiment, which was carried out
at paddock scale on a commercial ranch, was to test the
effect of a urea-based supplement on the utilization of
the dominant grass Stipa speciosa (‘coirón amargo’ 5
sour tussock), and on the number of live lambs per ewe
at 8 weeks of age, and the live weight of lambs and
ewes.
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Figure 1 Historical evolution of the propor-
tion of live lambs per ewe at 8 weeks of age
[December]: m, and lamb mortality rate (dead
lambs from 8 weeks of age to weaning
[February] per live lamb at 8 weeks of age): 1,
at the ranch where this study was performed.
The respective regression lines of each rate on
time are indicated by a solid and a dashed line.
Based on unpublished data.
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Materials and methods

Site description

The experimental site was on a ranch in NW Patagonia,
Argentina (70° 30’ W; 41° 05’ S) near Pilcaniyeu (Río
Negro Province). The vegetation was typical of the tran-
sition between the Sub-Andean and the Occidental
Districts of the Patagonian phytogeographical province
(Soriano, 1956; Paruelo et al., 1991; Paruelo and
Golluscio, 1994). The vegetation comprised grass–shrub
steppes with 50% cover, dominated by grasses of the
genus Stipa, particularly S. speciosa and S. humilis (‘coirón
llama’), and shrubs, namely Mulinum spinosum (‘neneo’),
Senecio filaginoides (‘charcao’) and Adesmia campestris
(‘mamuel choique’). Shrub cover decreases and total
cover and Festuca pallescens (‘coirón blanco’) cover
increase with altitude. Valley bottoms (about 5% of the
area) are often occupied by ‘mallines’, highly productive
meadows dominated by several species of the Poaceae,
Juncaceae and Cyperaceae families (Paruelo and
Golluscio, 1994).

Most of the soils are aridisols (lithic Haplargids and
typic Haplargids) or entisols (lithic Xeropsamments and
thapto argic Xerortents)(INTA-SAGYP, 1990). Mean
annual precipitation (rainfall plus snow) is 305 mm,
73% of which occurs in autumn and winter. Mean
monthly temperature is 7·4°C, ranging between 1·4°C
(July) and 13·6°C (January) (Paruelo and Golluscio,
1994). Because of this climatic pattern, the months with
the most suitable temperatures for plant growth
(November to March) have a water deficit (Paruelo and
Sala, 1995).

Merino sheep have been the most important domestic
herbivore in the region since 1880 (Willis, 1914).
Paddocks are generally occupied year-round, and,
under traditional management, lamb mortality rates are
about 0·15 and lambing rates are lower than 0·60
(Bonvisutto et al., 1980).

Treatments and measurements

Two-hundred Merino ewes, mated from 15 May to 
1 July 1992, were randomly assigned to two groups of
100 ewes in two contiguous paddocks (515 and 
436 ha) on 10 August. Additional sheep were added to
achieve a common stocking rate of 0·5 sheep ha21,
considered to be moderate for the area (Bonvisutto 
et al., 1980). This low stocking rate was used to avoid
the possibility that higher grazing pressures might
induce the consumption of large amounts of low-
quality forage in the control treatment. Mean faecal N
concentration was 13 g kg21 DM in the two groups at
the start of the experiment. This value was lower than
the threshold below which supplementation is recom-
mended (16–17g N kg21 DM: Allden and Jennings,
1969; Milchalk and Saville, 1979). One group, taken at
random, was supplemented and the other was used as
a control. The supplement was provided between 15
August and 10 October, in 15-kg blocks containing 300
g of urea, 320 g of salt (NaC1), 300 g of bone meal
(providing Ca and P) and 30 g of molasses per kg. The
blocks were placed in wooden boxes, elevated 5 cm
above the level of the soil, at three sites no more than
100 m from the meadow (the drinking water source)
to promote sheep access. As one block was placed per
site, three blocks were available at any one time in the
‘supplemented’ paddock. The sites were visited daily to
replace exhausted blocks and to measure supplement
use.

The number of live lambs per ewe at 8 weeks of age
was used as an estimate of performance. At 8 weeks of
age all lambs were ear tagged and docked, and male
lambs were castrated. This operation was performed on 
23 November. As twin lambs were not observed and are
almost absent in the harsh conditions of Patagonia
(Irazoqui, 1987), this value is taken to be equal to the
proportion of all the ewes of each paddock with a live
lamb.

Urea effects on forage utilization and lamb production 49
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Variable Initial Measurement Measurement

measurement before lambing after lambing

(Shearing) (8 weeks)

Floristic composition of transects 15 July – –

Frequency and intensity of

defoliation of Stipa speciosa 15 July 8 October –

Live weight of ewes 10 August 9 October 23 November

Live weight of lambs – – 23 November

Number of live lambs per 

ewe at 8 weeks of age – – 23 November

Table 1 Temporal layout of the
measurements made during the
experiment.
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The live weight of ewes was recorded on 10 August
(before the start of supplementation), 8 October (before
lambing, when shearing took place) and 23 November
(when lambs were 8 weeks of age). On this last date, the
live weight of lambs was also recorded (Table 1). The
floristic composition of both paddocks was evaluated
before the start of the experiment (15 July), and the fre-
quency of defoliated tussocks of S. speciosa and the
intensity of defoliation were measured on 15 July and 8
October (Table 1).

The observation units (animals or transects) were not
true replicates, but pseudo-replicates (Hurlbert, 1984).
The effect of pseudo-replication was minimized by
selecting similar paddocks and by quantifying their
initial status to control for confounding between treat-
ment and paddock effects. To evaluate the similarity
between paddocks, the Coefficient of Czekanowski
(Greig-Smith, 1983) was adapted by comparing the pro-
portion of the paddock occupied by the different plant
communities. A similarity of 100% indicates that the
two paddocks have exactly the same proportion of the
different plant communities, and a value of 0% indi-
cates that the paddocks do not share any community. To
test the statistical significance of the differences in com-
munity composition between two paddocks the chi-
squared test of homogeneity was used. The area
occupied by each community in each paddock was esti-
mated from Paruelo and Golluscio (1994)(Table 2). To
assess the initial status of both paddocks, the floristic
composition of stands of the most conspicuous commu-
nities, those dominated by S. speciosa and Mulinum spin-
osum, was recorded on six transects 50 m long by using
the linear interception method (Greig-Smith, 1983)(see
Table 1). Principal component analysis (PCA; Orlóci,
1978) was used to compare the initial floristic composi-
tion of both paddocks.

S. speciosa was used to describe changes in the utiliza-
tion rate of low-quality forage because it is the domi-
nant grass in the steppe (27% of the mean cover of the
community; Golluscio et al., 1982), has a low crude
protein content (53 and 41 kg21 DM in green and
recently senesced tissues respectively; R. A. Golluscio,
unpublished data) and is not preferred by sheep (Soriano
and Brun, 1973; Bonvisutto et al., 1980). Prepartum, the
crude protein content of the green tissues of the rest of
the grasses of this community is higher than that of Stipa
speciosa (Poa ligularis 5 70 g kg21 DM, Poa lanuginosa 5
90 g kg21 DM, Bromus pictus 5 149 g kg21 DM and
Hordeum comosum 5 126 g kg21. DM; Somlo et al., 1985).

The frequency of defoliated plants of S. Speciosa, and
the intensity of such defoliation, were quantified on 
15 July in the previously described six floristic transects,
by recording, every 5 m, the intensity of defoliation of
the closest S. speciosa plant. To assess the intensity of
defoliation of each individual tussock, we used a semi-

quantitative scale: 0 5 no defoliation, 1 5 one tiller
defoliated, 2 5 more than one but not all tillers defoli-
ated and 3 5 all the tillers defoliated. This measurement
was repeated on 8 October on fifteen transects per
paddock. All the transects were located in stands of the
Stipa-Mulinum communities.

Statistical analysis

Analysis of variance (ANOVA) was used to analyse the
differences between treatments within each measure-
ment date (Steel and Torrie, 1980). The t-test was used
to evaluate the difference between treatments when the
mean of one treatment had no variance (as in some
cases of defolation intensity). The percentage variables
(e.g. frequency of defoliated plants) were transformed
using arcsin ,..x . As twin lambs were not observed, the
proportion of live lamb at 8 weeks represents the pro-
portion of all the ewes of each paddock with one living
lamb, thus, every ewe can have 1 or 0 lambs. As a con-
sequence, the number of live lambs per ewe at 8 weeks
of age of the two paddocks was compared by using the
chi-squared test, corrected for continuity (Yates, 1934)
and, by comparing their confidence intervals, calculated
assuming a binomial distribution for the individual rates
(Steel and Torrie, 1980). Additionally, the number of
live lambs per ewe at 8 weeks of age obtained in the two
groups was compared with the mean and confidence
interval of that obtained in another two lambing pad-
docks of the ranch. Such use of several control locations
is recommended as a reliable method to assess environ-
mental impacts (Underwood, 1994). However, it should
be noted that the flocks located in the lambing paddocks
were not subjected to exactly the same manipulations as
those applied to the experimental paddocks.

Results

The mean estimated consumption of supplement was
3·5 g ewe21 d21. This corresponds to a daily individual
intake of 0·52 g of nitrogen, 0·40 g of sodium and 
0·13 g of phosphorus. These values represent 5%, 27%
and 6·5% of the estimated daily requirement of N, Na
and P, respectively, of a 40 kg sheep 1 month before
giving birth to a 4-kg lamb (ARC, 1980).

The community compositions of the two paddocks
had a similarity of 84·3% and were not statistically dif-
ferent (Table 2). The floristic composition of the stands
belonging to the most common communities was 
not different: the location of transects on the first three
PCA axes showed no differences between paddocks 
(P > 0·05, Mann–Whitney test). 

The proportion of defoliated S. speciosa plants in the
two paddocks did not differ (P > 0·05) at the beginning
of the experiment (Table 3). On 8 October, 62% of the
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S. speciosa plants were defoliated in the paddock occu-
pied by supplemented ewes, whereas only 38% were
defoliated in the paddock occupied by control ewes 
(P < 0·05; Table 3). Defoliation intensity showed a
similar response (Table 3).

The number of live lambs per ewe at 8 weeks of age
was 15% higher in the supplemented than in the
control group (0·634 vs 0·553, confidence intervals at 
P 5 0·95 did not overlap; corrected chi-squared test 5
2·714, P < 0·10). The number of live lambs per ewe at 
8 weeks of age for the supplemented animals was above
the upper limit of the confidence interval (P = 0·95) of
that of the whole ranch, both considering the different
paddocks in the year when this study was made 
(Figure 2), and the historical values (1928–90) for the
overall ranch (see Figure 1). Lamb live weight at 
8 weeks of age was 15% higher in the supplemented
than in the control group (12·1 ± 0·37 vs. 10·6 ± 0·31 kg
(means ± standard errors), P < 0·05).

The live weight of the ewes did not differ at the begin-
ning of the experiment, on 10 August, or when lambs
were 8 weeks of age, on 23 November. However, it was
higher in the supplemented than in the control group
prepartum, on 9 October (P < 0·05)(Figure 3). Between
10 August and 9 October (approximately 2 months), the
supplemented ewes gained 4·2 kg more than the con-
trols (10·3 vs. 6·1 kg P < 0·05). At the time of shearing
the estimated weight of the placenta, foetus and foetal
fluids of a Patagonian Merino sheep is about 5 kg
(Irazoqui, 1987): 12.8% and 0% of ewes gained less

than 5 kg in the control and supplemented groups
respectively (Figure 4).

Discussion

Our results support the predictions that urea-based sup-
plementation would promote the defoliation of low-
forage quality species (i.e. Stipa speciosa), and enhance
the number of live lambs per ewe at 8 weeks of age and
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Community Control Supplemented

Nassauvia glomerulosa 3·31 3·75

N. glomerulosa and Stipa speciosa 16·09 8·00

Mulinum spinosum and S. speciosa 16·09 23·00

S. speciosa and M. spinosum 17·80 21·75

Festuca pallescens, M. spinosum and S. speciosa 17·80 14·25

F. pallescens 14·49 10·50

Meadows 14·42 18·75

Table 2 Relative importance of
different communities in both
paddocks (percentage of the
paddock surface occupied by each
community).

Variable Measurement date Control Supplemented

Defoliation 15 July 0·021a ± 0·005 0·018a ± 0·006

frequency 8 October 0·38a ± 0·04 0·62b ± 0·04

Defoliation 15 July 1·00a ± 0 1·00a ± 0

intensity 8 October 1·00a ± 0 1·64b ± 0·11

For each date, different superscript letters represent significant differences
between paddocks (P < 0·05). The frequency of defoliated plants is the ratio of defoliated plants
on total plants recorded every 5 m along six (July) or fifteen (October) 50-m-transects. The
intensity of defoliation is the mean defoliation intensity of defoliated plants (undefoliated plants
not included), according to a semi-quantitative scale ranging from 1 5 only one tiller defoliated
per plant to 3 5 all the tillers defoliated.

Table 3 Frequency of defoliated
tussocks of Stipa speciosa and
defoliation intensity at the beginning
and end of the supplementation
period (mean ± standard error).

Figure 2 The proportion of live lambs per ewe at 8 weeks of age in dif-
ferent paddocks of the ranch. The solid, horizontal line indicates the
mean value for lambs in the parturition paddocks (A and B). The dotted
line indicates the confidence interval of the mean (P 5 0·05).



lamb live weight at 8 weeks of age. However, the
control animals were not supplemented with calcium,
phosphorus, salt and other non-urea components of the
blocks. As a consequence, the effect of the supplementa-
tion recorded cannot be attributable to only one of their
components (i.e. urea) but to the entire supplement. As
the variables initially measured in plants and animals in
the two paddocks did not show significant statistical dif-
ferences, our results can reasonably be accepted as being
caused by supplementation.

Supplementation had a beneficial effect on the nutri-
tion of ewes, which showed a higher liveweight gain in
the last third of gestation (Figure 4). Addition of urea to
the ration had a beneficial effect on lamb survival when
supplied during the perinatal period, as found by
Burfening and Kott (1994). Higher liveweight gains

during this period result in a higher birth weight of
lambs (Shelton, 1964; Milchalk and Saville, 1979; Scales
et al., 1986; Rattray, 1992; Haughey, 1993) and greater
milk production in ewes (Hussein and Jordan, 1990;
Holstet al., 1992). Both higher birth weight and greater
milk production will reduce perinatal mortality
(Shelton, 1964; Milchalk and Saville, 1979; Scales et al.,
1986; Rattray, 1992; Haughey, 1993). A higher birth
weight and/or greater milk production of supplemented
ewes would explain the higher live weight and survival
rate at 8 weeks of age in the supplemented lambs. 

The increase in the productivity of ewes reported here
cannot be explained by the energy and nutrients sup-
plied by the blocks per se, because they represent only
between 5% and 30% of the daily requirements of the
ewes. The differences in liveweight gain of the ewes
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Figure 3 The live weight of supplemented
(dotted line) and control (solid line) ewes at the
beginning of the experiment, at shearing and 
8 weeks post partum. Vertical bars indicate stan-
dard errors. For each date, different letters rep-
resent significant differences between
treatments (P < 0·05).

Figure 4 Frequency distribution of the live-
weight gain of ewes between 10 August and 
9 October. 
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recorded in this paper would require an estimated
increase in the digestible organic matter intake from
0·73 kg 21 in the control animals to 0·88 kg d21 in the
supplemented ones (calculated from ARC, 1980).
However, such an increase in digestible organic matter
intake could be obtained by increasing total organic
matter intake and/or digestibility.

To explore the possible effect of supplement on intake
and digestibility of the forage, a literature review was
undertaken, the results of which are summarized in
Figure 5 (Hassan and Mukhtar, 1971; Tudor and Morris,
1971; Ørskov et al., 1972; Bhattacharya and Pervez,
1973; Mullholland and Coombe, 1979; Umuna et al.,
1982; Ortigues et al., 1988; Puoli et al., 1991). To con-
struct this figure only data where the urea was supplied
every day and the apparent dry matter digestibility of
ingested forage (DMD) was measured on more than one
animal per treatment were included. From these data it
appears that over a range of DMD of 0·45–0·75, supple-
mentation with urea causes on average an increase in
DMD of 0·023 (Figure 5a). The increase in the daily
intake of organic matter (∆I) was calculated as the dif-
ference between the daily intake of organic matter of
supplemented animals (Is) and that of the control (Ic)
animals (∆I 5 Is 2 Ic). The intake of organic matter of
control animals (Ic) increases linearly with the apparent
digestibility (DMD) of the forage they eat (Ic 5 22·9 1
10·46 DMD, r2 5 0·82, P < 0·001, data not shown).
However, when DMD is lower than 0·613, supplemen-
tation causes an increase in daily forage intake
(expressed as a percentage of the live weight of ewes),
whereas when it is higher than 0·613 supplementation
causes a decrease in intake. The increase in the forage
intake is maximum when DMD is 0·52 (Figure 5b). The
equations depicted in Figures 5a and b are statistically
significant (P < 0·001).

Although supplementation caused an increase in
DMD of 0·023, its effect on forage intake depends on the
digestibility of ingested forage. If it is assumed that sup-
plement does not cause any increase in forage intake,
then the increment in forage digestibility for supple-
mented animals must be as high as the increment in the
daily requirements of digestible organic matter intake
(DOMI), which are 20% higher for supplemented than
for control animals: 0·88 vs 0·73 kg DOMI d21 (see
above). As literature estimates suggest that DMD only
increased by 0·023 units following supplementation, we
rejected the hypothesis that supplementation did not
cause an increase in forage intake.

Although the digestibility of available forage is higher
than the threshold above which supplementation
causes a reduction in forage intake (0·63 vs 0·61 respec-
tively), in the Patagonian steppe the digestibility of
available forage may be higher than that of ingested
forage. During late winter and early spring, preferred

species have very little biomass, are selectively grazed
and exhibit very low growth ability (Soriano et al., 1976).
As a consequence, it can be assumed that, whereas pre-
ferred species are available, the digestibility of ingested
forage would be higher than the mean digestibilty of the
community. However, this period would be short
because, once the little available biomass of preferred
species was exhausted, a longer period would follow,
characterized by the digestibility of ingested forage being
lower than that of the community.

Assuming that the digestibility of forage ingested by
control animals was the same as that of available forage,
and that supplementation increased digestibility by
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Figure 5 Published data demonstrating the effect of supplementation
with urea and molasses (or alternative sources of carbohydrates) on (a)
apparent dry-matter digestibility of ingested forage and (b) increase in
daily intake OM (kg 100 kg21 ewe live weight) over a range of forage
digestibilities as measured using non-supplemented animals. Sources: (1)
Umunna et al. (1982), mean of two treatments; (2) Hassan and Mukhtar
(1971); (3) Puoli et al. (1991), three experiments: 3.1, 3.2 and 3.3; (4)
Ortigues et al. (1988); (5) Bhattacharya and Pervez (1973), two experi-
ments: 5.1 and 5.2; mean of two treatments for each experiment, no
intake data were found for experiment 5.2; (6) Mulholland and Coombe
(1979); (7) Tudor and Morris (1971), two experiments: 7.1 and 7.2,
mean of three treatments for each experiment; (8) Ørskov 
et al. (1972), mean of three treatments.
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0·023, the intake of organic matter would have been of
1·34 kg d21 for the supplemented animals [0·88 kg
DOMI d21/(0·63 1 0·023] and 1·15 kg d21 for the
control animals (0·73 kgDOMI d21/0·63). The intake of
the supplemented animals represents 0·28% more than
that of the control animals (3·05% vs. 2·77%, expressed
as percent of their live weight). The model of Figure 5b
predicts that such an increase in the intake corresponds
to a digestibility for the control animals of 0·565. As this
value is lower than the DMD assumed initially (0·63),
we repeated the calculation using 0·565 as the initial
value of digestibility, and followed this iterative proce-
dure until the initial digestibility was equal to that cal-
culated from Figure 5b. We found that the presumed
digestibility of ingested forage would be 0·557 and
would cause an increase in forage intake of 0·31% of
live weight. This value of digestibility is lower than that
of the community, and very close to that of Stipa spe-
ciosa, whose utilization was greatly affected by supple-
mentation, which ranges between 0·55 in August and
0·64 in mid-October (Somlo et al., 1985). From this rea-
soning we concluded that it is very likely that the sup-
plement increased not only forage utilization, mainly of
unpreferred species, but also digestibility of the available
forage. The values, calculated using the equations pre-
sented in Figure 5, suggest that supplementation may
cause an increase of 3·7% in the digestibility of the
ingested forage and of 9·8% in the intake of organic
matter (expressed as per cent of the live weight of
animals).

Liveweight differences between supplemented and
control ewes declined during lactation (Figure 3). This
observation supports the idea that the initial differences
caused by undernutrition may disappear following a
period of high levels of nutrition, outweighing the
benefits of previous supplementation (Entwistle and
Knights, 1974; Mulholland and Coombe, 1979). This
hypothesis may be valid at an individual level, but not at
a population level, because, even though the positive
effect of supplement on ewe and lamb live weight was
not sustained, its influence on total lamb production
will persist.

Supplementation may increase ranch profit. Based on
1996 Argentinian prices (one dollar per kg of both sup-
plement and lamb live weight), the cost of urea blocks
would have been recovered with an increment of 0·01
in the proportion of lambs per ewe at 8 weeks of age:
only one-seventh of the increment reported here. The
possible effect of supplementation on the ecological sus-
tainability (Lowrance, 1990) of the Patagonian steppe
requires more research. The increase reported here in
grazing pressure on S. speciosa might have very different
effects, ranging from restoration to desertification
processes, depending upon the plant communities
and/or states of the system (sensu Westoby et al., 1989).

Conclusion

Because of its effect on lamb production, urea-based
supplementation would be a useful tool to reverse the
decline in the size of sheep flocks and increase the eco-
nomic return of Patagonian ranches. However, as this
kind of supplementation promotes an increase in the
utilization of the dominant species of the steppe, their
potential ecological consequences for the overall ecosys-
tem should be carefully evaluated.
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This paper was greatly improved by the critical readings
and comments of David Swift, Alberto Soriano, Miguel
Brizuela, Valeria Sigal Escalada, Roberto Distel, Roberto
Somlo, Celso Giraudo, Guillermo Siffredi, Marcela
Cueto, Alicia Pelliza de Sbriller and two anonymous
reviewers. This work is a partial contribution from
IFEVA (Institute of Agriculture-related Physiological
and Ecological Research) to the LUDEPA (Lucha contra
la Desertificación en la Patagonia-INTA/GTZ) Project.

References
AGUIAR M.R., PARUELO J.M., SALA O.E. and LAUENROTH W.K.

(1996) Ecosystem responses to changes in plant func-
tional type composition: an example from the Patagonian
steppe. Journal of Vegetation Science, 7, 381–390.

ALLDEN W.G. and JENNINGS A.C. (1969) The summer nutri-
tion of immature sheep. The nitrogen excretion of
grazing sheep in relation to supplements of available
energy and protein in a Mediterranean environment.
Australian Journal of Agricultural Research, 20, 125–140.

ARC (Agricultural Research Council) (1980) The nutrient
requirement of ruminant livestock. Farnham Royal:
Commonwealth Agricultural Bureaux.

BHATTACHARYA A.N. and PERVEZ E. (1973) Effect of urea
supplementation on intake and utilization of diets con-
taining low quality roughages in sheep. Journal of Animal
Science, 36, 976–981.

BONVISUTTO G.L., MORICZ DE TECSO E.P., ASTIBIA O. and 
DE ANCHORENA J. (1980) Resultados preliminares sobre
los hábitos dietarios de ovinos en un pastizal semidesér-
tico de Patagonia (in Spanish). VII Reunión Nacional para el
estudio de regiones áridas y semiáridas. San Luis, Argentina.
26pp.

BURFENING P.J. and KOTT R.W. (1994) Increasing lamb sur-
vival by supplemental feeding range ewes during the
perinatal period. Montana AgResearch, 11, 12–15.

R. A. Golluscio et al.54

© 1998 Blackwell Science Ltd, Grass and Forage Science, 53, 47–56

https://www.researchgate.net/publication/227611458_Ecosystem_responses_to_changes_in_plant_functional_type_composition_An_example_from_the_Patagonian_steppe?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/227611458_Ecosystem_responses_to_changes_in_plant_functional_type_composition_An_example_from_the_Patagonian_steppe?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/227611458_Ecosystem_responses_to_changes_in_plant_functional_type_composition_An_example_from_the_Patagonian_steppe?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/227611458_Ecosystem_responses_to_changes_in_plant_functional_type_composition_An_example_from_the_Patagonian_steppe?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==


BUTLER L.G., KING W.R. and MCDONALD C.L. (1987)
Growth of young Merino sheep grazing cereal stubbles
and supplemented ad libitum with oats, of different crude
protein contents, sprayed with various amounts of urea.
Australian Journal of Experimental Agriculture, 27, 339–342.

DJAJANEGARA A. and DOYLE P.T. (1989) The intake and uti-
lization of urea-treated rice straw by sheep differing in
body condition. Australian Journal of Agricultural Research,
40, 1037–1045.

ENTWISTLE K.W. and KNIGHTS G. (1974) The use of
urea–molasses supplements for sheep grazing semi-arid
tropical pastures. Australian Journal of Experimental
Agriculture and Animal Husbandry, 14, 17–22.

FARID M.F.A. (1985) Long-term adaptation of sheep to low
protein intake under simulated drought conditions.
Journal of Arid Environments, 8, 79–83.

FARID M.F.A., ABOU-EL NASR H.M., HASSAN N.I. and
SWIDAN F.Z. (1989) Long-term adaptation of sheep to
low protein roughage diets: effects of water deprivation
and urea supplementation in the drinking water. Journal
of Arid Environments, 16, 211–216.

FERNÁNDEZ R.J., SALA O.E. and GOLLUSCIO R.A. (1991)
Woody and herbaceous aboveground production of a
Patagonian steppe. Journal of Range Management, 44,
434–437.
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MOVIA C.P., LEÓN R.J.C, TRABUCCO R. y DEREGIBUS V.A.
(1976) Ecología del pastizal de coirón amargo (Stipa spe-
ciosa) del Sudoeste de Chubut (in Spanish). Academia
Nacional de Agronomía y Veterinaria, 30, 1–13.

STEEL R.G.D. and TORRIE J.H. (1980) Principles and Procedures
of Statistics, 2nd edn. New York: McGraw Hill. 633 pp.

STEPHENSON R.G.A., HUFF J.L., KREBS G. and HOWITT C.J.
(1992) Effect of molasses, sodium bentonite and zeolite

on urea toxicity. Australian Journal of Agricultural Research,
43, 301–314.

TUDOR G.D. and MORRIS J.G. (1971) The effect of the fre-
quency of ingestion of urea on voluntary feed intake,
organic matter digestibility and nitrogen balance of
sheep. Australian Journal of Experimental Agriculture and
Animal Husbandry, 11, 483–487.

UMUNNA N.N. (1982) Utilization of poor quality roughages:
response of sheep fed native hay supplemented with urea
by different methods. Journal of Agricultural Science,
Cambridge, 98, 343–346.

UNDERWOOD A.J. (1994) On beyond BACI: sampling
designs that might reliably detect environmental distur-
bances. Ecological Applications, 4, 3–15.

VAN SOEST P.J. (1982) Nutritional Ecology of Ruminants.
Corvallis: O & B Books.

VERCOE J.E., TRIBE D.E. and PEARCE G.R. (1961) Herbage as
a source of digestible organic matter and digestible nitro-
gen for the grazing sheep. Australian Journal of Agricultural
Research, 12, 689–695.

WESTOBY M., WALKER B. and NOY MEIR I. (1989) Oppor-
tunistic management for rangelands not at equilibrium.
Journal of Range Manage Mout, 42, 266–274.

WILLIS B. (1914) El Norte de la Patagonia. Buenos Aires:
Ministerio de Obras Públicas de la República Argentina.

YATES F. (1934) Contingency tables involving small
numbers and the Chi2 test. Journal of the Royal Statistics
Society (Suppl. 1), 217–235.

R. A. Golluscio et al.56

© 1998 Blackwell Science Ltd, Grass and Forage Science, 53, 47–56

View publication statsView publication stats

https://www.researchgate.net/publication/233304488_Lamb_mortality_birthweight_and_nutrition_in_late_pregnancy?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/233304488_Lamb_mortality_birthweight_and_nutrition_in_late_pregnancy?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/233304488_Lamb_mortality_birthweight_and_nutrition_in_late_pregnancy?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/224840150_On_Beyond_BACI_Sampling_Designs_that_Might_Reliably_Detect_Environmental_Disturbances?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/224840150_On_Beyond_BACI_Sampling_Designs_that_Might_Reliably_Detect_Environmental_Disturbances?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/224840150_On_Beyond_BACI_Sampling_Designs_that_Might_Reliably_Detect_Environmental_Disturbances?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/284107496_Nutritional_ecology_of_the_ruminant_O_and_B_Books?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/284107496_Nutritional_ecology_of_the_ruminant_O_and_B_Books?el=1_x_8&enrichId=rgreq-4035221e2485bfb5bdfc49f4b6a594b4-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc5NDQ3NDtBUzoyMDE0NDczMDA5NjQzNTJAMTQyNTA0MDE4NzUxOQ==
https://www.researchgate.net/publication/227794474

