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Italian ryegrass was evaluated over four seasons at stocking rates (SR) of 20, 24, 28, 32 and 36 ewes with lambs/ha.
During each of three seasons, between 19 and 24 ewes per SR were milked for 10 weeks, from three weeks post
partum until the lambs were weaned at approximately 100 days of age. The ewes and lambs were kept on pasture for
12 weeks. An eight-camp rotational grazing system was applied with a fixed period of grazing of 3.5 days per camp.
Ewes with twins lost between 2.2 and 15.7% and ewes with single lambs between 1.6 and 11.0% of live mass at the
SR of 20 or 36 ewes with lambs/ha, respectively. SR exerted a significant (P ~ 0.05) effect on lamb growth. At an
SR of 20 ewes with lambs/ha, lambs gained mass 35% (single and twin lambs), 40% (twin lambs) and 29% (single
lambs) faster than those at an SR of 36 ewes with lambs/ha. A highly significant (P ~ 0.(01) relationship was found
between average daily gain and the post-grazing pasture height. The average weaning mass of lambs declined from
22.9 to 17.2 kg (P ~ 0.05) at an SR of 20 or 36 ewes with lambs/ha, respectively. The relationship between lamb
growth and milk production was strongest during the first 6 weeks on pasture. A multiple regression analysis showed
that SR accounted for 22.5% (P ~ 0.001), ewe mass 13.5% (P ~ 0.001), mean milk production 12.1% (P ~ 0.001),
birth status 5.8% (P ~ 0.(01), ewe mass change 2.3% (P ~ 0.01) and initial lamb mass 1.8% (P ~ 0.05) of the
variation in lamb growth.
Italiaanse raaigras is oor vier seisoene teen veebeladings van 20, 24, 28, 32 en 36 ooie met lammers/ha geevalueer.
Gedurende drie seisoene is tussen 19 en 24 ooie per veebelading gemelk vir 10 weke, vanaf drie weke post partum tot
lammers op ongeveer 100-dae-ouderdom gespeen is. 'n Agt-kamp wisselweistelsel is toegepas met 'n vaste weiperiode van 3.5 dae per kamp. Die ooie en lammers het die weidings vir 12 weke benut. Die massaverlies van ooie
met tweelinge het tussen 2.2 en 15.7% en die van ooie met enkelinglammers tussen 1.6 en 11.0% gevarieer by die
veebeladings van 20 en 36 ooie met lammers/ha, onderskeidelik. Veebelading het 'n betekenisvolle (P ~ 0.05)
negatiewe invloed op die lamgroei gehad. Die massatoenames van lammers by die veebelading van 20 ooie met
lammers/ha was 35% (enkeling en tweeling), 40% (tweelinge) en 29% (enkelinge) hoer as die van lammers by 'n
veebelading van 36 ooie met lammers/ha. 'n Hoogs betekenisvolle (P ~ 0.001) verwantskap is tussen lamgrLei en
die na-beweiding weihoogte gevind. Die gemiddelde speenmassa van lammers het tussen 22.9 en 17.2 kg (P ~ 0.05)
by die veebeladings van 20 en 36 ooie met lammers/ha, onderskeidelik, gevarieer. Die verwantskap tussen lamgroei
en melkproduksie was die sterkste gedurende die eerste 6 weke op weidings. 'n Meervoudige regressie-ontleding het
getoon dat veebelading 22.5% (P ~ 0.(01), ooimassa 13.5% (P ~ 0.(01), gemiddelde melkproduksie 12.1% (P ~
0.001), geboortemassa 5.8% (P ~ 0.001), ooimassa-verandering 2.3% (P ~ 0.01) en die aanvangsmassa van die lam
1.8% (P ~ 0.05) van die variasie in lamgroei verklaar.

Introduction

(NDF'), 10 to 20% soluble carbohydrate

Italian

ryegrass

South

Africa.

and late

in vivo digestible organic matter (DOM) (MacRae, 1976;
Meissner et al., 1989; De Villiers, 1991), suggesting that it is

winter/spring
is synchronized
with the traditional autwnn
lambing season. Thus, there is a supply of succulent, high-

nutritive value of forages is a fWlction not only of the nutrient

quality

grazing

(Lotium multiflorum)
The

growth

available

pattern

during

is widely

during

peak

utilized

autumn

periods

of

in

nutrient

a good
content

source
but

of

also

of

requirement, for lactating ewes and pre- and post-weaned
lambs. Recommended
stocking rate (SR) in practice varies

Meissner

from 24 to 30 ewes with lambs/ha

than of qualitative

information

regarding

performance

under South African conditions.

The nutrient

the effect

but there is a dearth of

composition

of SR on ewe and lamb

of ryegrass

is typically

4.8% N (15 to 30% CP), 33 to 55% neutral detergent

grazing cultivated pastures

fibre

ruminants.

consumption.

the production

However,
According

potential

In

This

intake, rather
the

majority

to

is more a function of quantitative

intake.

for most of the variation

the

of sheep

is in accordance

with the

of Heany (1970) and Waldo & Jorgensen

contention

forages.

for

volWltary

et al. (1989),

that voluntary
2.5 to

nutrients

levels and 67 to 79%

than nutritive
in performance

of sheep

content,

(1981)
accoWlts

of ruminants

production

systems

on
on

pasture, lambs obtain their nutrients from only two sources,
namely milk and grazed herbage. Jordan & Mayer (1989)
stated that the most important variable affecting lamb growth
rate is milk yield of the ewe. According to Treacher (1983),
lambs will not be able to increase herbage intake in response
to a low milk intake that results from low herbage intake of
the ewe.
The rate at which a pasture is stocked (animals/ha) is
probably the most important factor in grazing management
(Edwards, 1981). Although SR is widely recognized as a
major determinant of the productivity of grazing systems, little
information is available on the performance of ewes and lambs
on ryegrass and their response to various management
procedures. In this study, the effect of five different levels
of SR was determined on the performance of South African
Mutton Merino (SAMM) ewes and lambs when grazing
irrigated ryegrass.
Experimental procedure
Experimental terrain, pasture management and treatments
Italian ryegrass (cv. Midmar) was established on a 3.5 ha
vleiland (Katspruit soil form) at the Cedara Agricultural
Research Station (290 32' S; 300 17'E) in the Natal Mistbelt
during 1983, 1984, 1985 and 1987. The altitude at Cedara is
1075 m and the average annual rainfall 885 ± 142 mm, most
of which falls during the summer months (October to March).
The ryegrass is established annually during February at a
seeding rate of 25 kg/ha. It is fertilized at 350 kg N that
season. The N is applied in the form of limestone ammonium
nitrate (LAN - 28% N) in six dressings of 58 kg N/ha/dressing. The first dressing is applied when the seedlings are about
2.5 cm tall and the subsequent five dressings at approximately
four-weekly intervals. The pasture is irrigated with a weekly
application of approximately 25 mm.
SR of 20, 24, 28, 32 and 36 ewes with lambs/ha were
applied during each of four seasons. The land used in the
experiment, 3.5 ha of vleiland, was subdivided into eight
areas, each of which was further divided into five randomly
selected subareas, corresponding to the treatment camps. The
sizes of the treatment camps varied, while animal numbers
were kept constant over treatments, to obtain the desired SR.
The grazing system applied was an eight-camp rotational
system with a fixed period of stay of 3.5 days per camp. This
allowed for a 24.5-day regrowth period.
Experimental animals
A total of 55, 57, 56, 57 and 54 ewes (initial mass of approximately 63 kg) and 79, 80, 69, 78 and 72 lambs were used for
the SR levels of 20, 24, 28, 32 and 36 ewes with lambs/ha,
respectively, over the four seasons. The ewes and lambs were
moved from kikuyu to ryegrass pasture at approximately 14
days post partum (mid-April).
Each year, the ewes with lambs were allocated to the five
treatments using a randomized block design, blocking for live
mass, birth status (singles and twins), age and sex. Ewes and
lambs were weighed every Monday, without water and feed
being withheld prior to the weighings. The sheep had free
access to fresh water in portable water troughs and to a
mineral lick, consisting of 50% salt, 25% bone meal and 25%

feedlime. Sheep were dosed and inoculated according to a
local management programme. Worm egg counts were conducted on a weekly basis by Allerton Veterinary Laboratories
and were also used as a guide for dosing. Lambs were docked
at an age of approximately 4 weeks. Ram lambs were not
castrated. The animals were kept on the pasture for 12 weeks
(84 days, three grazing cycles of 28 days each) before the
lambs were weaned at approximately 100 days of age.
Chemical analysis
Herbage samples (hand-cut) were analysed for crude protein
(CP) (Kjeldahl procedure; AOAC, 1980), nitrate-nitrogen
(NH3-N) content (the specific ion electrode method; Barker,
1974; Orion Research Inc., 1979), crude fibre (CF) (Bredon &
Juko, 1961), dry matter and ash (AOAC, 1980).
Pasture availability
Pasture availability and the severity of grazing were measured
with a pasture disc meter (Bransby & Tainton, 1977) and
expressed in cm. During 1984 and 1985, disc meter readings
were taken in all the camps in the eight-camp grazing system,
with only four in 1983 and three in 1987. The mean disc
height before grazing (pre-grazing) and the height after
grazing (post-grazing) were calculated from 50 in and out
readings per camp. The mean pre- and post-grazing heights of
the five treatments over the four seasons were used in a
regression analysis to predict average daily gain of lambs. The
following equation, derived under local conditions and given
by Bartholomew (1985), was used to determine pasture DM
mass:
where

y = 1101.0 + 156.06d
y yield in kg dry matter/ha and
d = mean pasture meter disc height.

=

Milk production
Between 19 and 24 ewes per SR were used to determine milk
yield on the ryegrass. The first milking was performed during
the third week post partum. Thereafter, milk production was
measured at weekly intervals for a total of 10 weeks, using a
method similar to that of Coombe et ai. (1960), except that a
period of 4 h between milkings was used instead of 2 h. On
milking day, the lambs were separated from the ewes, whereafter the ewes were injected with 0.5 ml oxytocin (5 I.U.)
intravenously and completely milked out by hand. The exact
time of milking was noted and 4 h later the same procedure
was followed. From this second milking, the yield was
estimated and milk samples were obtained. The quantity of
milk produced was multiplied by six to determine the daily
production.
Statistical analyses
Analysis of variance (Statgraphics, 1988) on animal performance data was used to test for significance of the treatments.
Regression analysis techniques were used to predict the ADG
of lambs, using the readings of the height of the pasture before
and after grazing. Linear regressions of lamb growth (g/d; Y)
on milk yield (mI/d; X) were calculated for the period 3 to 12
weeks post partum and for the grazing periods 3 to 4 weeks
(early May), 5 to 8 weeks (May/June) and 9 to 12 weeks

(June/July) for the ewes with twin and with single lambs.
Multiple regression analyses were performed for the variables
ADO of lambs and mass change of ewes, using the predictor
variables SR, disc in, disc out, initial ewe mass, ewe mass
change, initial lamb mass, mean milk production, season, birth
status and sex.
Results and Discussion
Chemical composition
The chemical composition of the ryegrass was not affected by
SR (Table 1). The CP concentrations were high in all treatments, and according to the ARC (1980), greatly in excess of
the requirements of the sheep in all stages of production.

to 6.7 kg and at 2 kg DM/ewe/d the ewes lost 4.3 to 6.4 kg
over the to-week lactation period (Rattray et al., 1982).
The average pre- and post-grazing pasture heights are summarized in Table 3. These measurements of pasture availability indicate a decrease in successive grazing cycles with
increasing SR and hence the potential problem of competition
for forage between the ewes and their lambs.
A pre-grazing height of 13.5 cm, as measured during the
first grazing cycle (mid-April/May) (Table 3), predicts a
pasture yield of 3200 kg DM/ha. Rattray & Jagusch (1978)
Table 1 Average (± SO) chemical composition of the
ryegrass grazed, on a dry-matter basis
Stocking rate (ewes with lambs Iha)

Ewe performance and pasture availability
The loss of live mass (Table 2), especially at the relatively
high SR levels, show that the intake of the ewes was not
sufficient to supply the requirements for maintenance plus
milk production. Rattray et al. (1982) found similar mass
losses where ewes, grazing on ryegrass and white clover
pastures and with live masses of 55 to 58 kg, were offered a
range of herbage allowances (2, 4, 6, 8 and to kg DM/ewe/
d) from birth of their lambs until weaning to weeks later. At
the very high allowance (10 kg DM/ewe/d), ewes gained 1.6

20

24

28

32

36

CP (%)

24.07
:t 3.43

24.63
:t3.42

N03-N (%)

0.32
:t 0.09
13.01
:t 1.21

0.39
:t 0.11

24.23
:t 2.62
0.38

13.33
:t1.72

:t 0.08
14.32
:t 2.50

25.32
3.99
0.29
:t 0.10
12.99
:t 1.62

26.39
4.33
0.38
:t 0.17
14.45
:t 1.95

20.85
:t 2.63

20.25
:t 3.12

19.79
:t 2.41

19.04
:t 2.54

18.31
:t 2.33

Ash (%)
CF (%)

Number of ewes
All ewes
% Twin ewes

55
42

57
40

All ewes
Mass loss (g I d)
Mass loss (%)

-14.7" :t 8.87
1.8" :t l.l8

-13.4" :t 9.88
1.4" :t 1.41

-73.0b:t
9.9 :t

Ewes with twins
Mass loss (g/d)
Mass loss (%)

-16.5" :t 11.05
2.2" :t 1.50

-23.9" :t 9.53
3.2" :t 1.33

-75.4b:t 18.06
10.2b:t 2.41

--81.6b :t 15.20
II.Ob.• :t 2.03

-13.4" :t 13.16
1.6" :t 1.73

-Q.2" :t 15.25
0.2" :t 2.19

_71.7b :t 11.74
9.7b:t 1.56

-Q1.5b :t 10.33
8.5b :t 1.46

9.83
1.31

:t

8.71
l.l9

-92.3b:t
12.7 :t

7.91
1.05

-111.9b :t 13.47
15.7":t 1.68

Ewes with singles
Mass loss (g I d)
Mass loss (%)

--81.6b:t

9.42

11.0b:t

1.26

Table 3 The mean pre- and post-grazing (IN and OUT) heights for grazing cycles 1, 2 and 3 over four
seasons
Disc
reading

Stocking rate (ewes with lambs Iha)
Cycle

20

24

28

32

36

I
2
3

13.94 :t 4.26
7.87 :t 1.52
6.65 :t 1.27

13.65 :t 3.92
7.05 :t 1.45
5.17 :t 1.09

14.31 :t 4.55
6.91 :t 1.79
5.39 :t 1.74

14.06 :t 3.86
6.24 :t l.l7
4.39 :t 0.81

13.57 :t 4.11
6.15 :t 1.38

I

4.98 :t 0.97

4.32 :t 0.88

4.14 :t l.l5

3.35 :t 0.79

2.72 :t 0.69

2.48 :t 0.62

3.78 :t 0.89
2.16 :t 0.49

3.41 :t 0.93

2
3

3.22 :t 0.27

2.21 :t 0.25

1.96 :t 0.38

1.62 :t 0.28

4.09 :t 0.82

1.83 :t 0.52
1.54 :t 0.32

found that during early lactation, the optimum pasture allowance for ewes suckling singles or multiples was 4.5 to 6.5 kg
DM/ewe/d from pastures yielding 3000 to 4000 kg DM/ha.
Using the allowances provided by Rattray & Jagusch (1978),
sufficient pasture was supplied during the first grazing cycle in
all the treatments to meet the daily dry matter requirements of
the ewes in the present study. However, during grazing cycles
2 (May / June) and 3 (June/July), the pasture availability
declined to 2329 kg DM/ha (pre-grazing height = 7.87 cm)
at the low SR and 2060 kg DM/ha (pre-grazing height =
6.15 cm) at the highest SR. During cycle 3, which constituted
the last 4 weeks before weaning, the availability declined to
2139 kg DM/ha (pre-grazing height = 6.65 cm) and 1739 kg
DM/ha (pre-grazing height = 4.09 cm) at the lowest and
highest SR levels, respectively. In both the second and third
grazing cycle, the pasture availability per ewe was lower than
that recommended by Rattray & Jagusch (1978).
From the post-grazing heights (Table 3), it was predicted
that the pasture residues during the first cycle were 1878 and
1633 kg DM/ha for the lowest and highest SR, respectively.
During grazing cycle 2, the post-grazing pasture residues were
1623 and 1 387 kg DM/ha and during cycle 3, 1603 and
1341 kg DM/ha for the lowest and highest SR, respectively.
The disc data (Table 3) show that the post-grazing height
decreased with advancing cycles and with an increase in SR.
According to Rattray et at. (1982), the post-grazing pasture
residues should be 1400 to 1600 kg DM/ha for lactating
ewes and their lambs to achieve live mass gains exceeding 200
g/d for twin lambs and closer to 300 g/d for single lambs.
These authors pointed out that it becomes increasingly difficult
for sheep to harvest pasture when availability falls below
2000 kg DM/ha. Penning et at. (1986) found that herbage
intake by ewes and growth rate of lambs increased up to a
herbage allowance which was over five times the amount of
herbage consumed by ewes.

A stepwise multiple regression analysis was used to identify
the factors responsible for variation in ewe mass change.
Stocking rate accounted for 16.9% (P ••• 0.(01) and season for
7.3% of the variation in ewe live mass change. In order to
obtain a prediction equation for future purposes, in which
seasonal effects are unknown, the regression equation which
describes the ewe live mass loss until weaning was modified
by omitting season as an independent variable. The regression
equation describing ewe mass change is:
Y

= 97.5

Y

= ewe mass change

where

(± 17.5) - 5.38 (± 0.617) SR
(r2 = 0.17; Sy.x = 66.76, P ••• 0.(01)

and SR

= stocking rate.

Lamb growth
From Table 4 it is evident that SR had a significant (P ••• 0.05)
effect on live mass gain with lambs subjected to the SR of 20
ewes with lambs/ha gaining 35% (all lambs), 40% (twin
lambs) and 29% (single lambs) more than those subjected to
the SR of 36 ewes with lambs/ha. The average weaning mass
of the lambs declined from 22.9 to 17.2 kg at the SR levels of
20 and 36 ewes with lambs/ha, respectively. This could be the
result of the drop in pre- and post-grazing pasture heights
(Table 3), which indicates a reduced pasture availability and
results in poor intakes due to a lower post-grazing pasture
mass.
The data summarized in Table 4 show that (during cycle 1)
SR initially had little effect on lamb growth rate, but as the
lamb grew older the effect of declining herbage availability
(for a SR) became progressively greater. At low herbage
allowance, intake reduces milk production by ewes (Gibb &
Treacher, 1978) and this causes an increase in herbage intake
by lambs (Penning & Gibb, 1979). According to Robinson
(1990) the rapid decline in the ewe's milk yield after 6 weeks
represents a withdrawal of valuable rumen by-pass protein in

Table 4 The performance of suckling lambs on Italian ryegrass grazed for 84 days at five different
stocking rates over four seasons
Stocking rate (ewes with lambs /ha)
Parameter

20

24

28

32

36

No. of lambs
% Twin lambs

79
57

80
60

69
49

78
51

72

All lambs
Weaning mass (kg)
ADG (g/d)

22.9" ± 0.511
193" ± 5.73

21.7" ± 0.492

19.9b ± 0.532
157· ± 5.91

19.4b ± 0.479

17.2· ±

151· ± 4.95

125d ±

Twin lambs
Weaning mass (kg)
ADG (g/d)

20.8" ± 0.531
186" ± 6.46

20.1•.b ± 0.571

18.6b•• ± 0.654
145· ± 8.41

18.2· ± 0.570
147· ± 6.95

15.0d ± 0.535
112d ± 5.92

24.4" ±

0.862
198" ± 9.26

24.3" ± 0.678
197•.b ± 7.46

21.2b ± 0.784
174b•• ± 8.29

20.8b ± 0.728
161··d ± 7.53

19.2b ± 0.746
140d ± 8.00

217" ± 8.07
210"± 7.28
155" ± 11.31

217" ± 6.74
193•.b ± 6.48
121b ± 7.08

208•.b ± 8.38

199•.b ± 7.69

188b ± 8.54
135d ± 10.32
57d ± 11.31

Single lambs
Weaning mass (kg)
ADG (g/d)
ADG (g/d)
All lambs: Cycle 1
Cycle 2
Cycle 3
"-

d

b

176

b

167

± 5.24

± 7.21

b••

178

± 8.70

171·

92·

± 6.67

89·

Values in the same row with different superscripts are significantly (P ,,;;0.05) different.

± 6.33
± 5.38

50

0.519
5.14

the form of milk by the lamb. However, in this experiment,
lambs were probably unable to increase their intake of herbage
during cycles 2 and 3 because of low herbage availabilities
and competition with the ewes. The performance of the lambs
at all five SR levels is relatively unsatisfactory when compared
to the growth rates of 287 g/d over 92 days with an average
final mass of 30.1 kg obtained at the Kokstad Research Station
for Merino lambs on irrigated oats/ryegrass pasture at 20
ewes and lambs/ha (A.D. Lyle, 1991; personal communication). The Kokstad data suggest a need to critically examine
reasons for the relative unsatisfactory ewe and especially
pre-weaning lamb performance on ryegrass pasture.
In a stepwise multiple regression analysis, stocking rate
accounted for 18.3%, initial ewe mass for 7.5%, birth status
(twins and singles) 6.8% and the disc-in reading for 8.6% of
the variation in lamb mass gains (Table 5).
Sex (ram vs. ewe lambs) and ewe mass change did not
contribute significantly to the variation in lamb growth.
Season (year), however, accounted for 13.1% (P :s;; 0.001) of
the variation. In order to obtain a prediction equation for
future purposes, in which seasonal effects are unknown, the
regression equation which describes lamb gain until weaning
(Table 5) was modified by omitting season as an independent
variable.

~

Figures 1 and 2 illustrate the significant (P :s;; 0.01 and P :s;;
OJ)()I) relationship between ADG and pre- and post-grazing

pasture heights. The quadratic equation for post-grazing
pasture height and ADG explains 83% of the variation in lamb
growth. A highly significant (P :s;; 0.001) relationship between
ADG and post-grazing heights, as illustrated in Figure 2,
shows that ADG reached a maximum at a post-grazing height
of approximately 6 cm. This height equates to approximately 2
037 kg of DM/ha. With a post-grazing height of less than
4 cm, ADG in lambs dropped dramatically.
According to Rattray et al. (1982) the effect of pasture
allowance on the mass of lambs weaned is highly significant
and lamb growth tends to level off above 8 kg DM/ewe/d.
The following linear regression equation predicts SR (Y) from
the post-grazing pasture height (X):
Y

= 42.84 - 5.09(± 1.26)X
(R2 = 0.670; Sy.x = 66.76,

P :s;; 0.01).

This equation, using a post-grazing height of approximately
5 cm, indicates that a SR of approximately 17 ewes with
lambs/ha on ryegrass is optimal for a lamb growth rate of
just over 200 g/d (Figure 2).
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Figure 1 The relationship between average daily gain (Y) and
the pre-graizing pasture height (X) in lambs over 12 weeks and
four seasons.

Figure 2 The relationship between average daily gain (Y) and
the post-graizing pasture height (X) in lambs over 12 weeks and
four seasons.

Table 5 Factors which influenced lamb average daily gain on ryegrass over four seasons, as determined

by a multiple regression analysis
Contribution

of

Significance

variables

of

added independent

independent
(R 2)

variable

Y = Lamb average
daily gain

SR (XI) + !EM (X2) + Birth status (X3)

32.6

p,.;; 0.001
p,.;; 0.001
p,.;; 0.001

SR (XI) + !EM (X2) + BS (X3) + Dise In (X4)

40.2

P ,.;;0.001

Stocking rate (XI)

18.3

Stocking rate (X I) + Initial ewe mass (X2)

25.8

Y

=

118.5(:t23.8)

- 3.281(:t0.385)XI

+ 1.377(:t0.323)X2

- 31.89(:t4.26)X3

+ 7.30(:t1.06)X4;

Sy.x = 40.11
• SR

=

stocking rate, !EM

pre-grazing

=

initial ewe mass (kg), BS

pasture height (em).

=

birth status (single vs. twin) (singles

=

0, twins

=

I), Disc In

=

higher SR levels was not significantly different to that of ewes
grazing at lower SR levels. Williams et at. (1976) observed
the same trend with ewes grazing short and abundant (long)
pastures. In the ewe-lamb unit, the ewe sacrifices her own
body tissue towards milk synthesis at low pasture availability
in order to sustain the growth of her lamb (Williams et al.,
1976). The use of body energy to sustain milk production in
the short term is an important compensatory mechanism under
conditions of adverse nutrition (Williams et al., 1976). During
the first grazing cycle, SR had not yet exerted its full influence
on forage availability and forage was not yet limiting at the
higher SR levels. Williams et al. (1976) showed that low
herbage availability on short pastures caused decreases in the
intake of lambs before milk production by the ewes was
affected. Geenty & Dyson (1986) found increasing lamb
growth rate and ewe milk yield as herbage allowance increased from 2 to 8 kg DM/ewe/d.
The simple linear regression equations summarized in
Table 7 show highly significant relationships between milk
yield and single and twin lamb growth in all the grazing cycles

Milk production and ewe and lamb performance
Data relating to mass changes and milk production in ewes
with single and twin lambs are summarized in Table 6.
Stocking rate did not exert a significant effect on the average milk production of ewes with single lambs over the total
period and over the three grazing cycles (Table 6). Analysis of
variance showed no significant difference in milk production
between ewes with twins during the first grazing cycle but a
significant (P 0;;; 0.05) decrease in milk production during the
second and third cycles with increased SR (Table 6). The
average milk production over the total period decreased
significantly (P 0;;; 0.05) in ewes with twins, with an increase
in SR. Gibb & Treacher (1978) obtained similar results, with
no significant effect of pasture allowance on milk production
during the first 5 weeks of lactation. Thereafter, significant
differences were found between treatments, with ewes maintaining higher outputs at the higher pasture allowances.
Although greater live mass losses were recorded with increased SR for ewes with single lambs, milk production at

Stocking rate (ewes and lambs/ha)

Number of ewes with single lambs

20

24

28

32

36

12

13

10

14

14

Milk yield (ml I d)
3 to 4 weeks

1155a,b :!: 115.8

1266a,b :!: 147.1

1426"

:!: 116.3

1052b

:!: 74.6

1226a,b :!: 91.1

5 to 8 weeks

1116

:!: 129.6

993

:!: 130.1

1099

:!: 90.4

865

:!: 75.5

910

:!: 90.1

9 to 12 weeks

674

569

:!: 90.6

663

:!: 64.0

530

:!: 46.2

498

Average (3 to 12 weeks)

982

:!: 66.7
:!: 98.5

942

:!: 118.8

1063

:!: 77.8

816

:!: 54.9

:!: 63.6
:!: 76.4

-11.1"

:!: 21.61

Ewe mass change (g/d)

(84 days)

-4.0a,b :!: 20.37

Number of ewes with twins

10

-48.4b.< :!: 13.23

8

--{i5.2< :!:

11.74

878
-92.7<

10

9

:!:

14.05

8

Milk yield (ml I d)
:!: 156.4

:!: 246.1

3 to 4 weeks

2062

:!: 160.1

1875

5 to 8 weeks

1609"

:!: 136.4

1487a,b :!: 126.9

9 to 12 weeks

909"

:!: 78.4

887a,b :!: 62.1

664 b.< :!: 89.4

1527"

:!: 119.4

1416a,b :!: 102.2

1234" b :!: 160.8

1428 •. b :!: 139.2
836 •. b :!: 82.8
1392 •. b :!: 112.9

-52.4" b :!: 20.80

-75.5b

-96.8b

Average (3 to 12 weeks)
Ewe mass change (g/d)

(84 days)

-7.1"

:!:

18.32

1811

1911

1228 •. b :!: 164.0

Table 7 Regression equations predicting lamb growth (g/d;

:!: 28.47

:!: 170.5

:!: 21.38

Level of
n

Single lambs
Cycle

1

Cycle 2
Cycle 3
Weeks 3 to 12

1

Cycle 2
Cycle 3
Weeks 3 to 12

significance

Sy.x

63

Y = 124.71 + 0.49(:!:
Y = 113.25 + 0.51(:!:
Y= 64.18 + 0.64(:!:
y= 94.66 + 0.19(:!:

0.15)X

0.374

p.;;; 0.01

76.10

O.l3)X

0.447

p.;;; 0.001

62.64

0.20)X

0.361

p.;;; 0.01

62.63

0.04)X

0.510

P .;;;0.001

47.58

Twin lambs
Cycle

R2

83

y=
y=
y=
y=

65.80 + 0.42(:!: O.05)X

0.686

P .;;;0.001

43.88

98.71 + 0.38(:!: O.07)X

0.480

P .;;;0.001

52.28

27.66 + 0.58(:!: O.l6)X

0.361

P ';;;0.001

63.48

54.69 + 0.16(:!: 0.02)X

0.678

P ';;;0.001

34.36

:!: 269.7

574<

:!: 85.1

1095b

:!: 173.7

-108.1 b :!: 13.72

Y) on Italian ryegrass from

milk yield (mild; X) of ewes

Equations

1599

1112 b :!: 177.3

and over the total grazing period. The relationship between
lamb growth and milk production was strongest, especially for
ewes with twins, during the first two milking periods (first
6 weeks on pasture).
The regression coefficients suggest that the lambs became
less dependent on milk for growth with advancing age. Oeenty
& Dyson (1986) found that the regression coefficients tended
to be greater during the period from birth to 6 weeks than
birth to 12 weeks, indicating a greater dependence of lamb
growth rate on milk supply during the initial 6 weeks of lactation. This finding is in agreement with those of Peart et ai.
(1975) and Oeenty (1979). However, it is important to note
that in the present study, milk supply had a significant effect
on ADO in lambs during the last grazing cycle. This agrees
with the work of Penning & Oibb (1979), who stressed the
importance of high milk yield for maintaining high lamb
growth rates in the second and third months of the lamb's life.
According to Langlands & Donald (1975), poor growth of
lambs weaned onto grass swards confirms the importance of
milk production in mid- or late-lactation in maintaining lamb
growth rate.
A stepwise multiple regression analysis was used to identify
factors responsible for variation in the lamb ADO and the
results thereof are summarized in Table 8.
Stocking rate accounted for 22.5%, ewe mass for 13.5%,
birth status (singles and twins) 5.8%, mean milk production
12.1%, ewe mass change 2.3% and initiallamb mass for 1.8%
of the variation in the lamb mass gain. Season accounted for
10% (P :s;; 0.01) of the variation in lamb growth. In order to
obtain a prediction equation for future purposes, the regression
equation was modified by omitting season as an independent
variable. It is clear that the major factors which influenced
lamb growth rate were SR, ewe mass, birth status and milk
production. This is in general agreement with the literature,
which indicates that factors influencing the magnitude of lamb
growth rates include ewe milk yield (Coombe et ai., 1960;
Stephenson et ai., 1981; Jordan & Mayer, 1989), ewe mass,
lamb birth mass and sex (Heath et ai., 1984; Jordan & Mayer,
1989). Jordan & Mayer (1989) showed the important role that
milk yield exerts in determining growth rate of Merino lambs,

with variation in milk yield accounting for 56% of the variation in lamb growth rate. Although ewe mass (r2
0.37) and
lamb birth mass (r2 = 0.24) had significant effects on lamb
growth rate, these effects disappeared when milk yield was
included in their regression model. Jordan & Mayer (1989)
suggested that the effects of these variables on lamb growth
were indirect and were manifested via the milk supply.

=

Conclusion
Morley (1981) stated that SR affects individual animal
performance by an amount which will vary from year to year
and from one season of the year to another. The results of the
present study showed that at lower SR levels (approximately
20 ewes and lambs/ha), individual ewe and lamb performances were better than at the relatively higher SR levels. The
pre- and post-grazing heights indicated that pasture availability
for ewes and lambs became a severe problem as the grazing
season progressed and the lambs grew older and SR increased,
and this negatively influenced intake and therefore animal
performance. In the present study SR negatively influenced
(P :s;; 0.05) milk yield of ewes with twins, and exerted a
significant (P :s;; 0.05) effect on the growth rate of single and
twin lambs during all three grazing cycles. This illustrates the
valuable contribution of milk supply to lamb growth, even on
quality pastures. The multiple regression analysis showed that
SR accounted for 22.5% (P :s;; 0.001) of the variation in lamb
growth, which illustrates the importance of herbage allowance
for lactating ewes and lambs. During early autumn and spring,
ryegrass is usually under-stocked, but the same SR during
mid-winter may impose severe demands upon animal and pasture. During grazing cycles 2 and 3 the animals were under
stress, reflected by the low post-grazing residues. One therefore questions the merit of a fixed 3.5-day rotational grazing
system over the season, as used in the present study, where
animals were forced to stay in camps for a specific period. A
question arises as to whether one should effectively reduce the
SR on the pasture by supplementing with silage or any other
roughage when pasture availability falls below 6 cm.
The data gathered in this study provided equations to predict
average daily gain of lambs and mass changes of ewes on rye-

Table 8 Factors which influenced lamb average daily gain on ryegrass over three seasons, as determined by a
multiple regression analysis
Contribution

of

Significance

of

independent

added independent

variable (R2)

variable

22.5

p ,,;;0.001

Y = Lamb average
SR(XI)

daily gain

SR(XI)

+ Ewe mass(X2)

36.0

P ";;0.001

SR(XI)

+ EM(X2)

41.8

P ,,;;0.001

SR (XI) + EM (X2) + BS (X3) + MM (X4)

53.9

P ,,;;0.001

SR (XI) + EM (X2) + BS (X3) + MM (X4) + EMC (X5)

56.2

P ,,;;0.01

58.0

P ";;0.05

+ BS(X3)

SR (XI) + EM (X2) + BS (X3) + MM (X4) + EMC (X5) + ILM (X6)
Y = 31.0(:!: 39.0) - 2.l91(:!:

0.585)XI

+ 2.0l1(:!:

0.1687(:!: 0.0475) X5 + 6.17(:!: 2.33) X6
• SR

=

stocking rate, EM

=

ewe mass, BS

mass change, ILM = initial lamb mass.

=

0.485)X2
Sy.x

- 34.90(:!: 7.34)X3

+ 0.05613(:!: 0.(086)X4

+

= 33.36

birth status (single vs. twins) (singles = 0; twins = I), MM

=

mean milk production,

EMC

=

ewe

possible applications in grazing management. Proc. Grassld. Soc.
S. Afr. 12, 115.
BREDON, R.M. & JUKO, C.D., 1961. A semi-micro technique for erode
fibre determination. J. Sci. Fd Agric. 12, 196.
COOMBE, J.B., WARDROP, I.E. & TRIBE, D.E., 1960. A study of milk
production of the grazing ewe, with the emphasis on the experimental
technique employed. J. agric. Sci., Camb. 54, 353.
DE VILLlERS, J.F., 1991. The effect of nitrogen fertilization of ryegrass

GIBB, MJ. & TREACHER, T.T., 1978. The effect of herbage allowance
on herbage intake and performance of ewes and their twin lambs
grazing perennial ryegrass. J. agric. Sci., Camb. 90, 139.
HEANY, D.P., 1970. Nat. Conf. Forage Qual. Eval. UtiI. Proc. (Lincoln,
N.E.). Paper C (cited by Meissner, H.H., van Niekerk, W.A., Spreeth,
E.B. & Koster, H.H., 1989).
HEATH, N.E., HINCH, G.N. & THWAITES, C.J., 1984. Lactation
performance and early lamb growth in Merino sheep selected for high
and low weaning weight. In: Reproduction in sheep. Eds. Lindsay,
D.R. & Pearce, D.T., Academy of Science, Canberra. p. 234.
JORDAN, DJ. & MAYER, D.G., 1989. Effects of udder damage and
nutritional plane on milk yield, lamb survival and lamb growth of
Merinos. Aust. J. expoAgric. 29, 315.
JOYCE, J.P. & RATTRAY, P.V., 1970. The intake and utilization of
milk and grass by lambs. Proc. N.Z. Soc. Anim. Prod. 30, 94.
LANGLANDS, J.P. & DONALD, G.E., 1975. The intakes and growth
rates of grazing Border Leicester X Merino lambs weaned at 21, 49
and 77 days. Anim. Prod. 21, 175.
MACRAE, lC., 1976. Utilization of the protein in green forage by
ruminants on pastures. In: From plant to animal protein. Eds.
Sutherland, R.M., McWilliam, J.R. & Leng, R.A., University of New
England, Australia. (Reviews in Rur. Sci. No 2). p. 93.
MEISSNER, H.H., VAN NIEKERK, W.A., SPREETH, E.B. & KOSTER,
H.H., 1989. Voluntary intake of several planted pastures by sheep and
an assessment of NDF and IVDOM as possible predictors of intake.
J. Grassl. Soc. S. Afr. 6, 156.
MORLEY, F.H.W., 1981. Management and grazing systems. In: Grazing
animals. Ed. Morley, EH.W., Elsevier, Amsterdam. p.379.
ORION RESEARCH INC., 1979. Instruction manual; nitrate electrode.
Orion Research Inc., Massachusetts, USA.
PEART, J.N., EDWARDS, R.A. & DONALDSON, E., 1975. The yield
and composition of the milk of Finnish Landrace X Blackface ewes.
n. Ewes and lambs grazed on pasture. J. agric. Sci., Camb.
85,315.
PENNING, P.G. & GIBB, MJ., 1979. The effect of milk intake on the
intake of cut and grazed herbage by lambs. Anim. Prod. 29,53.
PENNING, P.D., HOOPER, G.E. & TREACHER, T.T., 1986. The effect
of herbage allowance on intake and of ewes suckling twin lambs.
Grass and Forage Sci. 41, 199.
RATTRAY, P.V. & JAGUSCH, K.T., 1978. Pasture allowances for the
breeding ewe. Proc. N.Z. Soc. Anim. Prod. 38, 121.
RATTRAY, P.V., JAGUSCH, K.T., DUGANZICH, D.M., MACLEAN,
K.S. & LYNCH, R.J., 1982. Influence of feeding post-lambing on ewe
and lamb performance at grazing. Proc. N.Z. Soc. Anim. Prod.
42,179.
ROBINSON, J.1., 1990. Technology advances and the sheep of the future.
Proc. 42nd Ruakura Farmers Conf. 11-13
June 1990. p. 158.

(Lolium multijlorum) on the performance of sheep. M.Sc.(Agric.)
thesis, University of Natal.
EDWARDS, P.J., 1981. Grazing management. In: Veld and pasture
management in South Africa. Ed. Tainton, N.M., Shuter & Shooter
and University of Natal Press, Pietermaritzburg.
p. 325.
GEENTY, K.G., 1979. Lactation performance, growth and carcass
composition of sheep. I. Milk production, milk composition and live
weights of Romney, Corriedale, Dorset, Romney X Dorset and

STATGRAPHICS,
1988. Statistical Graphics Corporation, Inc. 14.1.
STEPHENSON, R.G.A., EDWARDS, lC. & HOPKINS, P.S., 1981. The
use of urea to improve milk yields and lamb survival of Merinos in a
dry tropical environment. Aust. J. agric. Res. 32,497.
TREACHER, T.T., 1983. Nutrient requirements for lactation in the ewe.
In: Sheep production. Ed. Haresign, W., Butterworths, London,
p.133.
WALDO, D.R. & JORGENSEN, N.A., 1981. Forages for high animal

grass. Stocking rate and therefore pasture availability was,
according to the multiple regression analysis, primarily
responsible for the difference in ewe and lamb performance
between SR levels. The optimum SR depends on several different criteria which may have conflicting consequences.
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The choice of an optimum SR must be a compromise between
these criteria. Most managers would tend to favour profitability of the enterprise, the stability of the system and the
appearance of their livestock. A recommendation on the
number of ewes and lambs/ha on ryegrass will therefore
depend on a specific production system, the weaning mass to
be achieved and the future of the lambs post-weaning.
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