
Tropical Grasslands (2009) Volume 43, 4–23 4
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on establishment, productivity, botanical composition and 
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Abstract

In the subtropics of Australia, the ryegrass com-
ponent of irrigated perennial ryegrass (Lolium 
perenne) — white clover (Trifolium repens) 
pastures declines by approximately 40% in the 
summer following establishment, being replaced 
by summer-active C4 grasses. Tall fescue (Festuca 
arundinacea) is more persistent than perennial 
ryegrass and might resist this invasion, although 
tall fescue does not compete vigorously as a 
seedling. This series of experiments investigated 
the infl uence of ryegrass and tall fescue geno-
type, sowing time and sowing mixture as a means 
of improving tall fescue establishment and the 
productivity and persistence of tall fescue, rye-
grass and white clover-based mixtures in a sub-
tropical environment. 

Tall fescue frequency at the end of the estab-
lishment year decreased as the number of com-
panion species sown in the mixture increased. 
Neither sowing mixture combinations nor sowing 
rates infl uenced overall pasture yield (of around 
14 t/ha) in the establishment year but had a sig-
nifi cant effect on botanical composition and 
component yields. Perennial ryegrass was 
less competitive than short-rotation ryegrass, 
increasing fi rst-year yields of tall fescue by 
40% in one experiment and by 10% in another 
but total yield was unaffected. The higher 
establishment-year yield (3.5 t/ha) allowed Dovey 
tall fescue to compete more successfully with 
the remaining pasture components than Vulcan 

(1.4 t/ha). Sowing 2 ryegrass cultivars in the mix-
ture reduced tall fescue yields by 30% compared 
with a single ryegrass (1.6 t/ha), although tall 
fescue alone achieved higher yields (7.1 t/ha). 
Component sowing rate had little infl uence on 
composition or yield. Oversowing the ryegrass 
component into a 6-week-old sward of tall 
fescue and white clover improved tall fescue, 
white clover and overall yields in the establish-
ment year by 83, 17 and 11%, respectively, but 
reduced ryegrass yields by 40%. The inclusion 
of red (T. pratense) and Persian (T. resupinatum) 
clovers and chicory (Cichorium intybus) increased 
fi rst-year yields by 25% but suppressed perennial 
grass and clover components.

Yields were generally maintained at around 
12 t/ha/yr in the second and third years, with tall 
fescue becoming dominant in all 3 experiments. 
The lower tall fescue seeding rate used in the fi rst 
experiment resulted in tall fescue dominance in 
the second year following establishment, whereas 
in Experiments 2 and 3 dominance occurred 
by the end of the fi rst year. Invasion by the C4 
grasses was relatively minor (< 10%) even in the 
third year. As ryegrass plants died, tall fescue and, 
to a lesser extent, white clover increased as a pro-
portion of the total sward. Treatment effects con-
tinued into the second, but rarely the third, year 
and mostly affected the yield of one of the com-
ponents rather than total cumulative yield. Once 
tall fescue became dominant, it was diffi cult to 
re-introduce other pasture components, even fol-
lowing removal of foliage and moderate renova-
tion. Severe renovation (reducing the tall fescue 
population by at least 30%) seems a possible 
option for redressing this situation.

Introduction

In the temperate regions of Australia, dairy 
farmers sow perennial ryegrass (Lolium perenne) 
and white clover (Trifolium repens) pastures, 
which are highly productive, produce high quality 
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feed for most of the year and persist for at least 
5 years if management and environmental con-
ditions are appropriate (Read et al. 1990). How-
ever, in the subtropical environment of southern 
Queensland and northern New South Wales, hot 
humid summers reduce the growth and persist-
ence of perennial ryegrass (Lowe et al. 1999a). 
During summer, less-desirable, faster-growing C4 
grasses tend to invade these pastures. To maintain 
cool season production, many dairy farmers in the 
subtropics sow vigorous, winter-growing annual 
or short-rotation ryegrasses (L. multifl orum) 
and then in early summer either oversow with 
a forage crop or allow natural pasture to re-
establish (Lowe and Hamilton 1985; Kelly et al. 
1990). These approaches, although productive, 
are costly and leave gaps in the supply of forage 
during the establishment periods for both the 
winter pasture and the forage crop.

Cultivar screening experiments in southern 
Queensland (Lowe and Bowdler 1984; 1995) 
showed that alternative temperate perennial grasses, 
including tall fescue (Festuca arundinacea), were 
more persistent during the warmer months and 
produced higher yields than the more seasonally 
variable perennial ryegrass. However, a grazing 
experiment conducted in the same environment 
demonstrated that milk production from tall fescue 
was less effi cient (i.e., lower milk production per 
unit of forage on offer) than from perennial rye-
grass (Lowe et al. 1999b). We hypothesised that a 
planting mixture of tall fescue, ryegrass and white 
clover might produce a pasture which established 
quickly after germination, produced high yields 
(with high forage quality) and persisted longer 
than perennial ryegrass-white clover mixtures.

If ryegrass plants are lost, C4 grasses, including 
rhodes grass (Chloris gayana) and paspalum 
(Paspalum dilatatum), tend to invade (Lowe and 
Hamilton 1985; Lawson et al. 2002), reducing 
the productive period of the cool season species 
(Cameron 1969). Tall fescue has demonstrated an 
ability to replace ryegrass and to resist the ingress 
of C4 grasses under subtropical conditions (Lowe 
and Bowdler 1995) and can become dominant 
(Lowe et al. 1999a). Methods of re-introducing 
other components need to be identifi ed.

This study aimed to identify methods of estab-
lishing combinations of tall fescue, ryegrass and 
white clover in a subtropical environment, which 
would ensure satisfactory establishment of all 
components and long-term pasture productivity. 
Factors investigated included: the types of tall 

fescue cultivar and ryegrass species sown; time of 
sowing of the ryegrass component; sowing rates 
for ryegrass and tall fescue; the number of grasses 
and other species sown with tall fescue; and the 
use of nitrogen applications at establishment. The 
2 papers in the series cover the establishment of 
these mixtures, their yield, botanical composition 
and persistence over 3 years and a comparison of 
their performance under fi xed-defoliation or tall 
fescue-specifi c management regimes. This fi rst 
paper of the series presents data on establishment 
and performance over 3 years.

Materials and methods

Site

Field sowings were made in 1997, 1998 and 1999 
into fully prepared seedbeds in adjacent sites at 
Gatton Research Station in south-east Queens-
land (27°34′S, 152°20′E; elevation 95 m). The 
soil type was an alluvial black clay (black earth, 
Stace et al. 1972; Ug 5.15, Northcote 1971) with 
a soil analysis of 128 mg/kg phosphorus (Colwell 
extraction) and 1.0 cmole/kg potassium (K) and a 
pH of 8.3 (H2O). Gatton experiences a subtropical 
climate with 60% of its rainfall in summer; up to 
30 frosts can occur during winter.

Treatments and design

Experiment 1. Fourteen temperate pasture mix-
tures (Table 1) were sown by hand in April 
1997 into forty-two 10 m2 plots in a randomised 
block design, giving 3 replications. Haifa white 
clover (Trifolium repens), the most adapted white 
clover cultivar in south-east Queensland (Jones 
and Lowe 1992), was included in all mixtures at 
10 kg/ha. Two tall fescue cultivars (Dovey and 
Vulcan) and 2 ryegrasses (Dobson and Flanker) 
were sown alone or in various combinations, 
i.e., each of the fescues with 1 or 2 companion 
ryegrasses. Ryegrass was sown at either 5 or 
10 kg/ha and tall fescue at 10 kg/ha. The cultivars 
were chosen because they contributed specifi c 
characteristics to the mixtures. Dovey is high-
yielding and has good seedling vigour, while 
Vulcan is a comparatively high-quality selection 
but with less vigorous seedling growth (Stewart 
and Charlton 2003). Dobson (L. perenne), a per-
ennial cultivar with an upright habit, contrasts 
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with Flanker, a vigorous, long-season Italian rye-
grass (L. multifl orum) type (Stewart and Charlton 
2003). Their contrasting seasonal growth charac-
teristics were expected to provide different com-
petition levels for tall fescue seedlings. Flanker 
was sown only at establishment, with no addi-
tional sowings in Years 2 and 3. 
Experiment 2. Pasture mixtures of ryegrass and 
tall fescue (Table 1) were sown by hand in April 
1998 into thirty-six 10 m2 plots in a randomised 
block design with 3 replications. Twelve treat-
ments were compared: combinations of 3 rye-
grass cultivars (Dobson perennial, Flanker 
short-rotation and Tetila annual), 2 sowing times 
for the ryegrass component (sown with the other 
components or 6 weeks later) and 2 seeding rates 
for the tall fescue component (10 and 25 kg/ha). 
Again, the cultivars were chosen because they 
contributed specifi c characteristics to the mix-

tures. Dovey was chosen as Vulcan performed 
poorly in Experiment 1. Tetila is a quick-growing, 
short-season annual which was expected to pro-
vide less competition in the fi rst year for the 
tall fescue component than Flanker. Ryegrasses 
were either sown at the same time as other com-
ponents into a prepared seedbed or oversown 6 
weeks later without soil disturbance to allow the 
tall fescue to establish without ryegrass com-
petition. All ryegrasses and white clover were 
sown at 5 kg/ha. The higher tall fescue seeding 
rate was the recommended rate in areas of New 
Zealand where tall fescue was the dominant 
species (McCallum et al. 1992).
Experiment 3. Eighteen plots of 30 m2 were 
sown by hand in April 1999 with one of 3 tem-
perate pasture mixtures: (i) Dovey tall fescue 
(25 kg/ha) and Haifa white clover (5 kg/ha), 
(ii) Quantum tall fescue (25) and Haifa (5) and 

Table 1. Sowing combinations included in Experiments 1–3.  Seeding rates (kg/ha) are in brackets.

Treatment No Treatment combination 

Experiment 1
1 Dovey1 (10), Dobson (10), Haifa (10)
2 Dovey (10), Flanker (10), Haifa (10)
3 Vulcan (10), Dobson (10), Haifa (10)
4 Vulcan (10), Flanker (10), Haifa (10)
5 Dovey (10), Dobson (5), Haifa (10)
6 Dovey (10), Flanker (5), Haifa (10)
7 Vulcan (10), Dobson (5), Haifa (10)
8 Vulcan (10), Flanker (5), Haifa (10)
9 Dobson (10), Haifa (10)
10 Flanker (10), Haifa (10)
11 Dovey (10), Haifa (10)
12 Vulcan (10), Haifa (10)
13 Dovey (10), Flanker (5), Dobson (5), Haifa (10)
14 Vulcan (10), Flanker (5), Dobson (5), Haifa (10)

Experiment 2
1 Dovey (10), Tetila (5), Haifa (5), ryegrass sown with other components
2 Dovey (25), Tetila (5), Haifa (5), ryegrass sown with other components
3 Dovey (10), Flanker (5), Haifa (5), ryegrass sown with other components
4 Dovey (25), Flanker (5), Haifa (5), ryegrass sown with other components
5 Dovey (10), Dobson (5), Haifa (5), ryegrass sown with other components 
6 Dovey (25), Dobson (5), Haifa (5), ryegrass sown with other components
7 Dovey (10), Tetila (5), Haifa (5), ryegrass sown 6 wks later
8 Dovey (25), Tetila (5), Haifa (5), ryegrass sown 6 wks later
9 Dovey (10), Flanker (5), Haifa (5), ryegrass sown 6 wks later
10 Dovey (25), Flanker (5), Haifa (5), ryegrass sown 6 wks later
11 Dovey (10), Dobson (5), Haifa (5), ryegrass sown 6 wks later
12 Dovey (25), Dobson (5), Haifa (5), ryegrass sown 6 wks later

Experiment 32

1 Dovey (25), Haifa (5), 0N at sowing
2 Quantum (25), Haifa (5), 0N at sowing
3 Dovey (5), Impact (10), Aran (1), Sustain (1), Renegade (6), Maral (1), Puna (0.5), 0N at sowing
4 Dovey (25), Haifa (5), 60N at sowing
5 Quantum (25), Haifa (5), 60N at sowing
6 Dovey (5), Impact (10), Aran (1), Sustain (1), Renegade (6), Maral (1), Puna (0.5), 60N at sowing

1  Dovey and Vulcan = tall fescue; Flanker = short-rotation ryegrass; Dobson and Impact = perennial ryegrass; Tetila = annual
ryegrass; Haifa, Aran and Sustain = white clover; Renegade = red clover; Maral = Persian clover; and Puna =  chicory.

2  Each initial treatment subdivided in Year 2 to include oversowing treatments.

03_09_02_Lowe_01.indd   603_09_02_Lowe_01.indd   6 14/4/09   8:11:14 AM14/4/09   8:11:14 AM



Establishment, productivity and persistence of ryegrass and tall fescue mixtures  7

(iii) Dovey (5), Impact ryegrass (10), Aran white 
clover (1), Sustain white clover (1), Renegade 
red clover (T. pratense) (6), Maral Persian 
clover (T. resupinatum) (1) and Puna chicory 
(Cichorium intybus) (0.5) (complex mixture) 
(Table 1). The experiment was a split-plot design, 
with 3 replications. Two nitrogen (N) treatments 
(nil or 60 kg N/ha) were applied as urea at sowing 
to the 3 pasture mixtures. Cultivars were again 
chosen because they contributed specifi c charac-
teristics to the mixture combinations. Quantum 
was another tall fescue with high seedling vigour. 
The complex mixture contained other adapted 
cultivars of ryegrass, white, red and Persian 
clovers and chicory which had performed well in 
previous studies (Lowe et al. 1996).

At the end of the fi rst year, each of the main 
plots was split into three 10 m2 plots. Three over-
sowing treatments were imposed on these swards 
in April 2000, and were re-imposed on the same 
plots in April 2001. All swards were defoli-
ated to 5 cm, ripped to a depth of 5 cm with a 
tyned implement (0.3 m between tynes) in order 
to create soil disturbance without major loss of 
established plants. After ripping, the swards were 
oversown with Surrey annual ryegrass at 20 kg/ha 
or Impact perennial ryegrass at 10 kg/ha or left 
as a control with no extra seed added. Seed was 
broadcast on to the surface and irrigation was 
applied to provide coverage.

Techniques

Harvesting of each experiment commenced in 
June after early April sowings and regrowth was 
assessed at 4-week intervals for 36 months. Dry 
matter (DM) yield was measured by cutting, to 
5 cm, a quadrat of 5.9 m2 using a self-propelled 
harvester with a reciprocating blade that defoli-
ated, collected and weighed the samples in one 
operation, from the central section of each plot. 
A sample of the cut material was taken to deter-
mine the DM content of the fresh material and 
botanical composition. Botanical composition 
was determined by hand-sorting a sub-sample 
into ryegrass, tall fescue, clover and weeds (and 
chicory in Experiment 3). Samples were dried 
in a forced-draught oven at 80°C for 24 h. After 
sampling harvests, pasture residues were removed 
using a forage harvester. 

Plant frequency of tall fescue and ryegrass was 
determined in autumn each year, using a fi xed 

1 m × 0.25 m quadrat, divided into a 100-square 
grid. The presence or absence of plant tillers 
was recorded in each square and frequency was 
expressed as a percentage as suggested by Tothill 
(1978). Plant frequency was not assessed at the 
end of the establishment year for Experiment 3 
because of the need to cultivate swards prior to 
oversowing.

Seasonal yields were calculated by summing 
the DM yields measured within the following 
periods: autumn – March 1 to May 31, winter 
– June 1 to August 31, spring – September 1 
to November 30 and summer – December 1 to 
February 28/29. A harvest was included in a sea-
sonal yield if more than half the growth period 
occurred in that season.

Plots received 50 mm of irrigation every 
2 weeks using hand-shift, overhead sprinklers 
to ensure yields were not limited by soil mois-
ture stress (Anon 1995). Irrigation schedules 
were maintained unless more than 25 mm of rain-
fall was received in the week prior to scheduled 
application.

Statistical analyses

Data for DM yields and plant frequency were 
subjected to analysis of variance using the 
statistical package ‘Genstat’ (Payne et al. 2007). In 
Experiment 1, fescue, ryegrass, clover, total grass, 
grass plus clover and total DM yield data were 
normally distributed and did not require transfor-
mation. Weed data were log transformed using 
(DM+0.0001). Plant frequency needed angular 
transformation using (180/pi)*arcsin(sqrt(p/100)). 
Treatments (Table 1) were combined as indicated 
below for the following factorial analyses:

Dovey (1, 2, 5, 6, 11, 13) vs Vulcan (3, 4, 7, 8, 
12, 14) 

Dobson (1, 3, 5, 7, 9) vs Flanker (2, 4, 6, 8, 10)
1 ryegrass in mixture (1, 2, 3, 4, 5, 6, 7, 8) 

vs 2 ryegrasses (13, 14)
no ryegrass in mixture (11, 12) vs 2 ryegrasses 

(13, 14)
no ryegrass in mixture (11, 12) vs 1 ryegrass 

(1, 2, 3, 4, 5, 6, 7, 8)
ryegrass seeding rate; 5 kg/ha (5, 6, 7, 8) 

vs 10 kg/ha (1, 2, 3, 4).

DM data for all components and total yield 
were normally distributed in Experiments 2 and 
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3 and did not require transformation. Interactions 
between factors were generally non-signifi cant 
or, when present, were small relative to the main 
effects. Therefore, only main effect results have 
been presented for all 3 experiments. In Experi-
ment 3, 2 N treatments were applied at sowing 
but, as signifi cant differences were demonstrated 
only in the cut immediately following sowing, 
second- and third-year data have been presented 
as averages.

Climate

Rainfall, A-pan evaporation and tempera-
ture recorded at Gatton from 1997 to 2002 are 
presented in Figure 1. The 1998–99 summer 
was hotter and wetter than those in 1997–98 and 
1999–2000, while a severe drought with extreme 
temperatures prevailed in the 2001–02 summer. 
Evaporation rates were very high in the 2000–01 
and 2001–02 summers, and the 2001 winter was 
colder and drier than the other winters. 

Results

DM yield 

Experiment 1. Choice of ryegrass cultivar, the 
number of grass species included and ryegrass 
seeding rate had no effect (P>0.05) on total sown 
species yields of the mixtures in any year of the 
study (Table 2). Over the 3-year period, yields 
increased by only 0.3, 3.1 and 0.3% as a result 
of changing ryegrass cultivar, modifying the 
number of ryegrass cultivars sown in the mixture 
and modifying the ryegrass seeding rate, respec-
tively. Varying the tall fescue cultivar affected 
(P<0.05) total sown species yield only in the 
third year and over the 3 years; Dovey increased 
it by 8.6% over the 3-year period compared with 
Vulcan. 

In the establishment year, clover yield was 
lower (P<0.05) when grown with Dovey tall 
fescue than with Vulcan. Including ryegrass in the 
sowing mixture depressed yields of tall fescue, in 
particular, as well as white clover (P<0.05). Rye-
grass yields were higher (P<0.05) when 2 rye-
grasses were sown compared with only 1. Flanker 
ryegrass yielded more (P<0.05) than Dobson 
perennial ryegrass, but associated yields of tall 
fescue and clover were reduced (P<0.05). The 

higher ryegrass sowing rate signifi cantly (P<0.05) 
reduced tall fescue yields. 

In the second and third years and in the accu-
mulated 3-year total, ryegrass and white clover 
yields were higher (P<0.05) when Vulcan was 
used instead of Dovey (Table 2). Including rye-
grass in the mixture reduced tall fescue and 
white clover yields (P<0.05) independent of the 
number of ryegrass cultivars sown. Sowing 2 rye-
grass cultivars increased (P<0.05) ryegrass yield 
compared with sowing only 1 ryegrass but only 
in the second year. The higher ryegrass seeding 
rate increased (P<0.05) ryegrass yields, had no 
effect on white clover or total sown yields but 
depressed tall fescue yields. Weed yields were 
low, occurring mainly in the third year and only 
3-year yields are presented.
Experiment 2. While ryegrass yields were very 
good in the establishment year (about 6.3 t/ha), 
yields were poor (0–0.4 t/ha) in Years 2 and 3. 
Sowing the ryegrass component at the same time 
as the other components increased ryegrass yield 
by 66% in the establishment year compared with 
delayed sowing but almost halved that of tall 
fescue (Table 3). There was a smaller, but sig-
nifi cant increase (P<0.05) in clover (Table 3) and 
weed (data not presented) yields with delayed 
sowing of ryegrass. The overall result was that 
total yield was signifi cantly (P<0.05) increased 
(about 11%) by delayed sowing of ryegrass. In 
the second and third years, there was no sig-
nifi cant effect of ryegrass sowing time on total 
sown species yield. Over the 3 years, total sown 
yields and yields of fescue and white clover were 
increased by delayed sowing of ryegrass. 

In all 3 years, ryegrass and weed yields (data 
not presented) were signifi cantly (P<0.05) reduced 
when tall fescue was sown at 25 kg/ha compared 
with 10 kg/ha, while tall fescue yield was higher 
at the higher sowing rate in the establishment 
year. Total yields were unaffected (P>0.05). 

Overall, choice of ryegrass cultivar had little 
effect on yields, although tall fescue yield was 
highest (P<0.05) in association with Tetila. All 
3 ryegrass cultivars yielded poorly in the second 
and third years, with Tetila showing no regener-
ation after the establishment year. White clover 
and total sown yields were unaffected by ryegrass 
cultivar.
Experiment 3. Sowing mixture affected total pas-
ture yield, with the complex mixture yielding 
25% more (P<0.05) than the simple mixtures 
in the establishment year (Table 4). However in 
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subsequent years, it yielded about 20% less than 
the simple mixtures as components were lost 
(Table 5). Tall fescue and white clover yields in 
the simple mixture were higher (P<0.05) than in 
the complex mixture, especially in the second and 
third years. Dovey outyielded (P<0.05) Quantum 
in the fi rst year but not subsequently (P>0.05). 
The application of nitrogen at sowing had no 
effect (P>0.05) on component or total yields at 
any stage. 

Table 4. The effect of sowing mixture and nitrogen application 
at sowing on fi rst-year DM yields (t/ha) of mixtures at Gatton 
(Experiment 3, 1999).

Treatment Pasture component

Tall 
fescue

Legumes Chicory Total 
sown 

species

Mixture
Dovey-Haifa (D) 13.5 6.9 —3 20.4
Complex mixture (M) 1.5 9.2 12.2 25.5
Quantum-Haifa (Q) 11.5 7.9 — 19.5
LSD (P=0.05) 1.91 1.3 na4 1.8

Nitrogen at sowing
60 kg/ha (60) 8.6 7.9 4.4 21.7
Nil (0) 9.0 8.1 3.7 21.9
LSD (P=0.05) NS2 NS NS NS

1  Within columns, LSD (P=0.05) values are provided for 
detecting differences between means.
2  NS — non-signifi cant differences.
3   — not sown.
4  na — no statistical analysis possible.

Oversowing with annual or perennial rye-
grasses failed to increase (P>0.05) ryegrass yield 
in any mixture compared with ripping alone in 
either year after sowing (data not presented); rye-
grass averaged less than 100 kg/ha in the second 
year and less than 30 kg/ha in the third. Weed 
yields were low (<1%) and unaffected by treat-
ment (Table 5). 

Seasonal yields

Experiment 1. In the establishment year, pas-
tures were grass-dominant in winter, slightly 
grass dominant in spring and clover-dominant 
in summer and autumn (Figure 2.1A). Ryegrass 
was the dominant grass in mixtures in winter 
and spring. Dovey outyielded Vulcan (P<0.05) in 
spring, summer and autumn, but total yields of 
Dovey and Vulcan mixtures were similar (P>0.05) 
in all seasons. 

While Flanker produced (P<0.05) higher 
yields in the fi rst winter than Dobson, there was 
more clover in the Dobson mixture (Figure 2.1B). 
Total yield was higher (P<0.05) in the Dobson 
mixture but only in spring.

When no companion ryegrass was sown, tall 
fescue yields were higher (P<0.05) in all sea-
sons in the establishment year (Figure 2.1C) and 
clover yields were higher in winter and spring. 
Ryegrass yield in spring was signifi cantly higher 

Table 5. Total and component DM yields (t/ha) of simple and complex mixtures sown at Gatton in 1999 in the second and third 
years (Experiment 3). 

Mixture Ryegrass Tall fescue White clover Chicory Total sown 
species

Weeds

Second year after establishment (2000–01)
Dovey simple mixtures 0.0 6.8 6.1 —3 12.9 0.02
Complex mixture 0.1 2.3 1.6 6.0 10.0 0.04
Quantum simple mixtures 0.1 7.4 5.9 — 13.4 0.06
LSD (P=0.05)1 NS2 0.4 0.4 na4 0.6 NS

Third year after establishment (2001–02)
Dovey simple mixtures 0.0 7.2 3.4 — 10.6 0.03
Complex mixture 0.0 3.9 2.3 2.3 8.5 0.06
Quantum simple mixtures 0.0 6.8 3.2 — 10.0 0.11
LSD (P=0.05) NS 0.5 0.6 na 1.0 NS

Two-year total
Dovey simple mixtures 0.0 14.0 9.5 — 23.5 0.06
Complex mixture 0.1 6.2 3.9 8.3 18.5 0.10
Quantum simple mixtures 0.1 14.2 9.2 — 23.5 0.17
LSD (P=0.05) NS 0.6 0.9 na 1.3 NS

1  Within columns, LSD (P=0.05) values are provided for detecting differences between means.
2  NS — non-signifi cant differences.
3  — not sown.
4  na — no statistical analysis possible.
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(P<0.05) when 2 ryegrass cultivars were sown 
with tall fescue compared with only 1. Ryegrass 
sowing rate had no effect on any pasture compo-
nent in the fi rst winter (Figure 2.1D). However in 
the other 3 seasons, tall fescue yields were higher 
(P<0.05) at the lower ryegrass seeding rate.

Over the 3-year period, pastures were slightly 
grass-dominant in winter, changing slowly to 
legume dominance in summer and autumn, espe-
cially with Vulcan. Tall fescue cultivar had a sub-
stantial effect on pasture composition in all seasons 
(Figure 2.2A). Dovey outyielded Vulcan (P<0.05) 
so that ryegrass and white clover yields were con-
sistently higher (P<0.05) with Vulcan than with 
Dovey. Total pasture yields were higher (P<0.05) 
in Dovey-based swards during summer and 
autumn. Choice of ryegrass cultivar affected sea-
sonal component yields with Dobson outyielding 
Flanker in autumn and Flanker being superior 
(P<0.05) in winter and spring (Figure 2.2B). Rye-
grass cultivar infl uenced (P<0.05) total yields in 
spring with Dobson superior to Flanker. 

Including ryegrass in the mixture reduced 
tall fescue yields (P<0.05) in all seasons and the 
effect was generally worse when 2 ryegrasses 
were sown, but total yields were infl uenced only 
in spring (Figure 2.2C). Sowing ryegrass in the 
mixture also reduced (P<0.05) clover yields in 
all seasons except summer. Sowing ryegrass at 
10 rather than 5 kg/ha in the mixture reduced 
(P<0.05) tall fescue yields in all seasons except 
winter and white clover yields in summer but had 
no effect (P>0.05) on seasonal ryegrass yields 
(Figure 2.2D). Weeds were present only during 
summer and autumn, and yields were unaffected 
by treatment.
Experiment 2. Pastures were very weedy in 
the autumn following sowing, and were grass-
dominant through winter, spring and summer but 
were legume-dominant by the second autumn 
(Figure 3.1A). Sowing tall fescue at 25 kg/ha 
rather than 10 kg/ha increased (P<0.05) fescue 
yield in the autumn and winter after sowing but 
reduced clover yields until summer. Effects on 
total yield were signifi cant in autumn and spring 
but differences were not great.

Ryegrass cultivar had little effect on produc-
tion in the establishment year or overall, although 
tall fescue yield in the fi rst spring was highest 
(P<0.05) in combination with Dobson. Tetila was 
the highest (P<0.05) yielding ryegrass in the fi rst 
autumn (Figure 3.1B) but by the second autumn, 
Dobson was the only ryegrass still surviving. 

Weed yields were highest in association with 
Dobson. Delayed sowing of the ryegrass com-
ponent reduced (P<0.05) total yield in the fi rst 
autumn compared with sowing all components at 
the same time but increased spring and summer 
yields (Figure 3.1D). While autumn, winter and 
spring yields of ryegrass in the establishment year 
were lower (P<0.05) with delayed sowing, yields 
of tall fescue and clover were increased (P<0.05) 
and this effect persisted throughout most of the 
fi rst year.

Over the 3-year period, sowing time of the rye-
grass component was the most infl uential factor 
on seasonal yields (Figure 3.2C). Sowing rye-
grass 6 weeks after the other components reduced 
(P<0.05) ryegrass yield in all seasons, while white 
clover and tall fescue yields were increased, sig-
nifi cantly (P<0.05) so in winter and spring for 
tall fescue and in winter and summer for white 
clover. Total yields were increased (P<0.05) in 
spring and summer if sowing was delayed. 

Overall, sowing the tall fescue component 
at 25 rather than 10 kg/ha had little effect on 
yields although fescue yields were increased and 
white clover yields reduced (P<0.05) in winter 
(Figure 3.2A). However, total yield in summer 
was higher (P<0.05) at the lower seeding rate 
of tall fescue. Choice of ryegrass cultivar in 
the mixture had minimal effect on the pasture 
(Figure 3.2B). Weeds were most prominent in 
summer and were unaffected by treatment.
Experiment 3. In the establishment year, the com-
plex mixture produced the highest yields (P<0.05) 
in every season except winter (Figure 4A). How-
ever, composition of the forage differed greatly 
between mixtures. While the 2 simple mixtures 
were grass-dominant from autumn to spring and 
generally balanced between grass and clover in 
summer and the second autumn, the complex 
mixture was predominantly chicory and clover 
with ryegrass contributing signifi cant amounts in 
winter only and disappearing by summer. Clover 
yields were highest in the complex mixture in 
winter and spring, declining into summer and the 
second autumn. Nitrogen application increased 
(P<0.05) ryegrass, tall fescue, clover and total 
yields in the fi rst autumn but had no subsequent 
effect (Figure 4B).

Over the 3-year period, choice of mixture had 
a substantial effect on the seasonal yields of com-
ponents (Figure 5). Total yields of the simple 
mixtures were higher (P<0.05) than those of the 
complex mixture in autumn and more than double 
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in winter, while clover and tall fescue yields were 
higher in all seasons. All pastures were heavily 
clover-dominant in winter. Chicory produced 
about half the total yield of the complex mixture 
in all seasons except winter. Tall fescue cultivar 
had little overall effect, although Quantum out-
yielded (P<0.05) Dovey in the simple mixtures in 
winter. 

Persistence

Experiment 1. Planting ryegrass with tall fescue 
reduced tall fescue frequency at the end of the 
fi rst summer (P<0.05) and this effect persisted 
throughout the study (Table 6). There was a 
small but signifi cant (P<0.05) increase in rye-
grass density at the end of Year 1, and a halving 
of tall fescue numbers by doubling the sowing 
rate of ryegrass. This effect was reduced as the 
study progressed. Dobson ryegrass survived 
better than Flanker. Tall fescue survival was 9% 
higher (P<0.05) when sown with Dobson than 

with Flanker. More (P<0.05) ryegrass persisted 
if Vulcan was sown as Vulcan survival was only 
half that of Dovey.

Tall fescue populations, especially Vulcan, 
increased over the 3 years (Table 6) while rye-
grass numbers were much lower. As expected, 
there was a greater frequency of the perennial, 
compared with the annual, ryegrass in the second 
and third years of the experiment. 
Experiment 2. The higher tall fescue sowing rate 
increased (P<0.05) the tall fescue frequency at 
the end of Year 1 without affecting ryegrass fre-
quency (Table 7) but this effect had disappeared 
by the end of Year 3. Sowing the ryegrass com-
ponent 6 weeks later than the remaining compo-
nents increased (P<0.05) tall fescue frequency at 
the end of the fi rst year but differences were not 
signifi cant by the end of Year 3. Ryegrass cultivar 
affected the frequency of ryegrass at the end of 
the fi rst year, with Dobson>Flanker>Tetila. 

Within 2 years of establishment, tall fescue 
density increased until it dominated swards, while 
that of ryegrass fell to negligible levels (data not 

Figure 5. The effects of sowing mixture (D — Dovey-Haifa, M — complex mixture, Q — Quantum-Haifa) on the 
average seasonal yield and botanical composition of pasture mixtures over 3 years (Experiment 3).
Vertical bars alongside each component indicate signifi cance at P=0.05. Column totals, within seasons, headed by 
different letters are signifi cantly different at P=0.05. 
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presented). By the end of the study, white clover 
density also fell to a low level (< 5%) (data not 
presented).
Experiment 3. Oversowing with either ryegrass 
cultivar had little effect in increasing ryegrass den-
sity in the second and third years (< 5% frequency) 
and had no effect (P>0.05) on either tall fescue 
or white clover frequency (Figure 6). There were 
signifi cant interactions between species mix-
ture and oversowing treatment, with more peren-
nial ryegrass in the ripped-only, complex mixture 
in Year 2 and when perennial ryegrass seed was 
oversown into the complex mixture in Year 3, but 
these effects were small compared with the main 
effects. The frequency of tall fescue and white 
clover was always lower (P<0.05) in the complex 
mixture. The density of tall fescue increased in 
the complex mixture by the end of the third year 
but white clover and chicory densities had fallen.

Table 7. The persistence (% frequency) of ryegrass and 
tall fescue sown in mixtures at Gatton at the end of the 
establishment and fi nal years (Experiment 2, 1998).

Treatment % frequency

Year 1 Year 3

Ryegrass Tall fescue Ryegrass Tall fescue

Tall fescue sowing rate
10 kg/ha 9.1 (5.4)1 38.8 (39.7) 9.1 (2.5) 49.7 (58.2)
25 kg/ha 8.4 (4.9) 48.8 (56.1) 6.0 (1.1) 55.6 (68.1)
LSD 
(P=0.05)2

NS3 5.4 NS NS

Ryegrass cultivar
Tetila 0.0 (0.0) 43.2 (46.7) 8.3 (2.1) 52.0 (62.1)
Flanker 9.5 (3.8) 47.9 (54.6) 0.0 (0.0) 58.4 (72.5)
Dobson 16.7 (11.7) 40.3 (42.3) 14.3 (6.1) 47.6 (54.5)
LSD (P=0.05) 6.9 NS 5.7 7.6

Ryegrass sowing time
Week 0 10.8 (6.1) 39.4 (40.8) 9.2 (2.6) 52.2 (62.4)
Week 6 6.7 (4.2) 48.2 (54.9) 5.9 (1.1) 53.1 (64.0)
LSD (P=0.05) NS 5.4 NS NS

1  Angular transformation of % frequency presented (back
transformed data in brackets).

2  Within columns, LSD (P=0.05) values are provided for
detecting differences between means.

3  NS — non-signifi cant differences.

Table 6. The persistence (% frequency) of perennial ryegrass and tall fescue plants at the end of each of the 3 years at Gatton 
(Experiment 1, 1997).

Treatment Frequency (%)

Year 1 Year 2 Year 3

Ryegrass Tall fescue Ryegrass Tall fescue Ryegrass Tall fescue

Tall fescue cultivar
Dovey 4.4 (0.6)1 7.4 (1.7) 7.1 (1.5) 29.7 (24.6) 6.5 (1.3) 40.9 (42.9)
Vulcan 1.8 (0.1) 17.2 (8.7) 17.2 (8.7) 8.7 (2.3) 10.8 (3.5) 15.4 (7.1)
LSD (P=0.05) 0.7 0.5 1.6 1.9 1.8 2.0

Ryegrass cultivar
Dobson 7.9 (1.9) 11.4 (3.9) 15.3 (7.0) 17.8 (9.3) 13.2 (5.2) 29.8 (24.7)
Flanker 1.7 (0.1) 10.5 (3.3) 11.6 (4.0) 17.1 (8.7) 4.5 (0.6) 26.0 (19.2)
LSD (P=0.05)2 0.7 0.8 1.6 NS3 1.8 2.5

No. of ryegrass cultivars sown
0 —4 19.1 (10.7) — 27.4 (21.2) — 34.1 (31.4)
1 3.0 (0.3) 11.0 (3.6) 12.3 (4.5) 17.4 (8.9) 8.1 (2.0) 27.9 (21.9)
2 2.7 (0.2) 8.9 (2.4) 11.6 (4.0) 17.8 (9.3) 10.8 (3.5) 23.5
LSD (0 vs 1)(P=0.05) na5 1.0 na 2.6 na 2.8
LSD (0 vs 2)(P=0.05) na 1.6 na 3.3 na 3.5
LSD (1 vs 2)(P=0.05) 1.1 1.0 NS NS NS NS

Ryegrass sowing rate
5 kg/ha 2.5 (0.2) 15.0 (6.7) 10.7 (3.5) 20.2 (11.9) 8.6 (2.2) 30.2 (25.3)
10 kg/ha 3.5 (0.4) 7.6 (1.8) 13.9 (5.8) 14.7 (6.4) 7.6 (1.8) 25.7 (18.8)
LSD (P=0.05) 0.9 0.8 NS 2.3 NS 2.5

1  Angular transformation of % frequency presented (back transformed data in brackets).
2  Within columns, LSD (P=0.05) values are provided for detecting differences between means.
3  NS — non-signifi cant differences.
4  — ryegrass not sown.
5  na — no statistical analysis possible.
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Discussion

This series of experiments has demonstrated that 
tall fescue can be established successfully in 
combination with ryegrass and white clover in 
a subtropical environment. This contrasts with 
the experience in temperate environments such 
as New Zealand where vigorous ryegrass seed-
lings out-compete the slower-establishing tall 
fescue seedlings during the establishment phase 
(Milne et al. 1989; Easton et al. 1994). While 
our results confi rm that tall fescue is suscep-
tible to competition, as shown by the much lower 
yields when sown with ryegrass, it seems that, 
under sub-tropical conditions, the competitive-
ness of ryegrass is reduced and that of the tall 
fescue component improved, allowing tall fescue 
to establish successfully. This reasoning is con-
sistent with previous work (Charlton et al. 1986; 
Charles et al. 1991), which demonstrated that tall 
fescue was more affected by low temperatures 

than other temperate grass species, particularly 
affecting root development (Brock 1983).

The inclusion of tall fescue in mixtures to 
reduce the invasion of C4 grasses proved suc-
cessful, with the tall fescue component remaining 
vigorous for 3 years. Sanderson et al. (2005) 
employed a similar strategy in north-eastern USA 
using complex mixtures containing up to 9 spe-
cies to reduce weed invasion. However, minimal 
C4 grass invasion occurred in our experiments, in 
contrast to the experience with perennial ryegrass 
mixtures (Kleinschmidt 1964; Cameron 1969; 
Lowe and Bowdler 1984), where up to 90% of 
the third-year yields came from C4 grasses. This 
may, in part, be related to the intensive grass 
weed control strategy on Gatton Research Sta-
tion, which concentrates on horticultural research. 
On the other hand, C4 grasses invaded adja-
cent areas used for ryegrass cultivar screening 
experiments over the same period (Lowe et al. 
2008), suggesting that inclusion of tall fescue in 

Figure 6. The effects of oversowing treatments (imposed in April of the second and third years following sowing) 
on the persistence (% frequency) of 3 temperate species mixtures (D — Dovey tall fescue; Mix — complex mixture; 
Q — Quantum tall fescue) sown in 1999 (Experiment 3). 
Vertical bars above components indicate signifi cant differences (P=0.05) between the respective components in mixtures 
and oversowing treatments within any year.
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mixtures was a successful strategy to counter inva-
sion by C4 grasses. Tall fescue density increased, 
colonising bare areas caused by a reduction in 
the size or death of perennial ryegrass crowns 
during late spring and summer, thus preventing 
or restricting a similar establishment or expan-
sion of C4 grasses. This contribution maintained 
the productivity of the temperate-based swards, 
ensuring a substantial cool season growth com-
ponent from our irrigated pastures, which is a 
concern not only for subtropical conditions but 
also for cooler, temperate regions of Australia 
(Lawson et al. 2002). 

The failure of composition of the pasture mix-
ture to infl uence total pasture yield agreed with 
the results of Sanderson et al. (2005), who found 
no differences between mixtures containing 
2, 3, 6 or 9 species, and Sugiyama and Nakashima 
(1991), who found that total yield of tall fescue-
cocksfoot (Dactylis glomerata)-white clover pas-
tures was unaffected by sowing mixture. While 
weeds played little role in the establishment and 
composition of mixtures in any of our 3 experi-
ments, this might not be the case under commer-
cial conditions where seedbed preparation would 
probably be inferior to that used in these experi-
ments (Read et al. 1990; McCallum et al. 1992; 
Easton et al. 1994). 

In contrast to the lack of yield differences, 
we demonstrated that sowing mixture can sub-
stantially infl uence botanical composition of 
the resulting pasture. To ensure good tall fescue 
establishment and persistence over 3 years, it 
should be sown alone or the ryegrass compo-
nent of a mixture should be sown later than the 
fescue, e.g. 6 weeks. As tall fescue is not aggres-
sive, its contribution to total yield decreases as 
the competition from other grasses increases, as 
found by Sugiyama and Nakashima (1991) with 
tall fescue and cocksfoot mixtures and Sanderson 
et al. (2005) with complex mixtures. Reducing 
sowing rate of ryegrass to 5 rather than 10 kg/ha 
increased the tall fescue contribution to fi rst-year 
yields without any marked effect on ryegrass 
yields. Since increasing the tall fescue seeding 
rate from 10 to 25 kg/ha had little effect on total 
yield but decreased the contribution of ryegrass 
and clover, there seems little merit in incurring 
the additional cost for seed. 

The productivity of our mixed tall fescue 
swards was consistent throughout the 3-year life 
of the stands. The only exception was in Experi-
ment 3 and in a complementary experiment (Lowe 

et al. 2009), where tall fescue (simple mixtures) 
or chicory (complex mixtures) dominated by the 
end of the establishment year. Poor legume pro-
duction during the second and third years would 
have reduced the nitrogen supply and therefore, 
presumably, potential DM production. Legume 
components decreased substantially in the second 
year from complex mixtures in a temperate envi-
ronment (Sanderson et al. 2005) as they did in our 
experiment. Our other 2 experiments maintained 
a better legume component for longer and did not 
experience the same third-year yield depression. 
However, third-year yield depressions have been 
reported in other environments with tall fescue-
dominant pastures (Keane 1982; McCallum et al. 
1992). Generally, the yield depression in these 
experiments was smaller than that demonstrated 
by other temperate grasses under subtropical con-
ditions (Lowe and Bowdler 1984; 1995). 

We also showed that sowing a complex mix-
ture had the greatest effect on seasonality of pro-
duction. The contribution of chicory and Persian 
clover boosted spring, summer and autumn yields 
over those of the simple mixtures in Experi-
ment 3, a time when ryegrass and white clover 
yields normally decrease substantially. Similarly, 
delaying the sowing of ryegrass improved spring 
and summer yields in Experiment 2. A similar 
result was obtained by Sanderson et al. (2005) in 
a temperate environment in north-eastern USA, 
where complex mixtures improved productivity 
in dry seasons although the abundance of indi-
vidual species fl uctuated substantially.

The cultivar of ryegrass or tall fescue which 
is sown is obviously important in terms of estab-
lishment and botanical composition, and thereby 
component yields, as shown by Sugiyama and 
Nakashima (1991) with cocksfoot and Pederson 
and Brink (1991) with clovers. Ryegrass species 
with high competitive advantage (i.e., annual > per-
ennial) can increase the ryegrass contribution and 
reduce the tall fescue yield as demonstrated in both 
artifi cial and natural swards (Harper 1978). On the 
other hand, tall fescue cultivars with higher estab-
lishment vigour (Dovey and Quantum) can reduce 
ryegrass production and increase tall fescue con-
tribution more than less vigorous types (Vulcan), 
as we have shown. The treatment with the greatest 
impact on cumulative yields throughout the study 
was the type of tall fescue cultivar sown. Cultivar 
differences were also important in determining 
yield of tall fescue swards in Japan (Sugiyama 
and Nakashima 1991). 
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Most of the establishment treatments inves-
tigated in these experiments continued to affect 
component yields throughout the 3-year life of 
the swards, although the signifi cant effects gen-
erally dissipated by the third year. The majority 
of the treatments affected the yield of one or 
more pasture components but rarely affected total 
yields. Previous research has highlighted the poor 
competitive ability of tall fescue when sown in 
association with ryegrass in temperate environ-
ments (Bell 1985; McCallum et al. 1992; Easton 
et al. 1994). After investigating the competition 
between tall fescue and perennial ryegrass in sim-
ulated swards, Bell (1985) concluded that, once 
tall fescue had become established, it should be 
possible to maintain it in swards with ryegrass. 
Our fi ndings lend weight to this hypothesis as 
delaying the sowing of the ryegrass component 
until the tall fescue plants were well established 
signifi cantly improved yield of tall fescue until 
the end of the second year. The extreme domi-
nance of tall fescue in mixed swards, as recorded 
in our experiments by the end of the third year, 
is unusual in temperate areas (McCallum et al. 
1992; Easton et al. 1994), although it does appear 
to be more likely in subtropical areas (Fitzgerald 
et al. 1992; Lowe and Bowdler 1995; Lowe et al. 
1999a; Staley and Belesky 2004). This is related 
to differential responses of the species to temper-
ature and to tall fescue’s inability to compete with 
more adapted species, particularly perennial rye-
grass (McCallum et al. 1992; Easton et al. 1994). 
The more adapted summer-active tall fescue cul-
tivars appear to be better able to resist invasion 
by tropical species (Callow et al. 2003).

In response to this dominance, Experiment 3 
investigated ways of re-establishing other compo-
nents into the stand by some form of sward dis-
turbance. Ripping with narrow tipped tynes to 
a depth of 5 cm was designed to provide some 
soil disturbance and provide a setback for the 
tall fescue plants without causing major damage. 
However, the tall fescue plants recovered more 
rapidly than expected. As a result, very little rye-
grass established after oversowing in autumn 
in either the second or third years, even though 
sowing annual ryegrass into slashed C4 pasture 
is normally successful in the subtropics (Anon 
1995). Similar results have been demonstrated in 
other areas of Australia where any improvements 
achieved by renovating degenerated perennial rye-
grass pasture were generally small unless compe-
tition was reduced (Callow et al. 2005; Lawson 

and Kelly 2007). While we mowed the sward to 
5 cm at monthly intervals before and after over-
sowing, competition for light, nutrients and space 
by the established tall fescue plants, both in the 
above- and below-ground environment, was most 
likely the reason for the poor ryegrass establish-
ment. Staley and Belesky (2004) attributed diffi -
culties in establishing legumes into a dominant 
tall fescue sward to inhibition of root growth by 
detrimental physical or chemical conditions asso-
ciated with the tall fescue sward. 

Our data would suggest that, to success-
fully establish other components into tall fescue-
dominant swards, more severe renovation methods 
which reduce the vigour of the tall fescue com-
ponent, such as the removal of around 30% of 
the stand, mowing to 3–4 cm or treatment with a 
chemical to suppress growth, combined with high 
seeding rates, will be required. Further testing of 
these strategies seems warranted. The difference 
in success rates with oversowing ryegrass into tall 
fescue, as opposed to C4 grass, swards appears to 
be related to differences in dormancy (and there-
fore competition) in autumn.

A further signifi cant outcome of the study was 
the substantial contribution to yield of chicory in 
the complex mixture used in Experiment 3, espe-
cially in the fi rst and second years, at the cost of 
yields of the other components (perennial rye-
grass, tall fescue and white clover). Similar fi nd-
ings were reported by Hume et al. (1995), who 
found yields of sown grass were inversely related 
to chicory yields in chicory-based pasture mix-
tures. The 25% yield increase achieved in the fi rst 
year by the complex mixture over the simple 
mixtures was balanced by a loss of 21% over 
the next 2 years and suggests that maintenance 
of the other components is essential if these mix-
tures are to prove useful. Care will be needed by 
adjusting the seeding rates, particularly of chicory 
and Persian clover, and by attention to early defo-
liation management so that competition from 
these components is reduced. 

Conclusions

There are opportunities to exploit the superior 
persistence of tall fescue (Lowe and  Bowdler 
1995) by including it in mixtures with other 
temperate species under subtropical conditions. 
Sowing the ryegrass once the tall fescue and white 
clover components have established was the most 
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successful sowing option for establishing rye-
grass-tall fescue mixtures. On the other hand, if 
all components were to be sown together, a com-
bination of sowing only a single ryegrass cul-
tivar, choosing a perennial rather than an annual 
ryegrass and limiting the ryegrass sowing rate to 
5 kg/ha is most likely to achieve a balanced mix-
ture of components in the establishment year. 
Including an annual clover species and chicory 
will create even greater competition, resulting 
in poor establishment of all perennial compo-
nents except chicory. However, the extra 25% 
yield in the fi rst year is a strong argument for the 
inclusion of these species. The combination may 
increase the complexity of management of such 
mixtures, as the species require different manage-
ment to achieve optimum utilisation (Lowe et al. 
2009). Further evaluation of these options would 
seem warranted.

Acknowledgements

The authors thank Mr Dave Schofi eld and the 
staff at the Gatton Research Station for the day-
to-day management of the experiments, Mrs 
Sandra Nolan for the botanical composition 
assessments and Dairy Australia (Formerly Dairy 
Research and Development Corporation) for co-
funding the research.

References

ANON (1995) Temperate pastures. In: Lake, M. (ed.) Dairy 
technical handbook. 2nd Edn. Information Series QI 94053. 
Department of Primary Industries, Brisbane.

BELL, C.C. (1985) Effect of defoliation frequency on simulated 
swards of ryegrass, tall fescue and a 50/50 mixture of the 
two species. New Zealand Journal of Agricultural Research, 
28, 307–312.

BROCK, J.L. (1983) ‘Grasslands Roa’ tall fescue: a review. 
 Proceedings of the New Zealand Grasslands Association. 
pp. 74–80.

CALLOW, M.N., LOWE, K.F., BOWDLER, T.M., LOWE, S.A. and 
GOBIUS, N.R. (2003) Dry matter yield, forage quality and 
persistence of tall fescue (Festuca arundinacea) cultivars 
compared with perennial ryegrass (Lolium perenne) in a 
subtropical environment. Australian Journal of Experi-
mental Agriculture, 43, 1093–1099.

CALLOW, M.N., FULKERSON, W.J, DONHAGHY, D.J., MORRIS, R.J., 
SWEENEY, G. and UPJOHN, B. (2005) Response of peren-
nial ryegrass (Lolium perenne) to renovation in Australian 
 pastures. Australian Journal of Experimental Agriculture, 
45, 1559–1565.

CAMERON, D.G. (1969) Effect of paspalum on the production 
pattern of Ladino white clover under irrigation on heavy 
clay soils in Central Queensland. Queensland Journal of 
Agricultural and Animal Sciences, 26, 373–378.

CHARLES, G.W., BLAIR, G.J. and ANDREWS, A.C. (1991) The 
effect of soil temperature, sowing depth and soil bulk  density 

on the seedling emergence of tall fescue (Festuca arundi-
nacea Schreb.) and white clover (Trifolium repens L.). Aus-
tralian Journal of Agricultural Research, 42, 1261–1269.

CHARLTON, J.F.L., HAMPTON, J.G. and SCOTT, D.J. (1986) Tem-
perature effects on germination of New Zealand herbage 
grasses. Proceedings of the New Zealand Grasslands Asso-
ciation. pp. 165–172.

EASTON, H.S., LEE, C.K. and FITZGERALD, R.D. (1994) Tall 
fescue in Australia and New Zealand. New Zealand Journal 
of Experimental Agriculture, 37, 405–417.

FITZGERALD, R.D., AYRES, J.F. and LOWEIN, J. (1992) Evaluation 
of perennial grass cultivars for the northern Tablelands. In: 
Michalk, D. (ed.) Proceedings of the 7th Annual Conference 
of the Grassland Society of New South Wales. pp. 98–100.

HARPER, J.L. (1978) Plant relations in pastures. Keynote 
address. In: Wilson, J.R. (ed.) Plant relations in pas-
tures. Proceedings of a symposium held in Brisbane, 1976. 
(CSIRO:  Melbourne, Australia).

HUME, D.E., LYONS, D.J. and HAY, R.J.M. (1995) Evaluation of 
‘Grasslands Puna’ chicory (Cichorium intybus L.) in various 
grass mixtures under sheep grazing. New Zealand Journal of 
Agricultural Research, 38, 317–328.

JONES, R.M. and LOWE, K.F. (1992) Managing white clover in 
subtropical pastures. In: Mason, Warren (ed.) White clover. 
A key to increasing milk yields. (Dairy Research and Devel-
opment Corporation: Melbourne, Australia).

KEANE, G.P. (1982) The annual yield, and its distribution, of 
some grass cultivars and mixtures. Irish Journal of Agricul-
tural Research, 21, 159–169.

KELLY, K., CHOPPING, G., PRANCE, T. and CROCOS, A. (1990). 
The role of annual species in the Australian Dairy Industry. 
In: Bartsch, Brian and Mason, Warren (eds) Feedbase 
2000. A workshop to determine the priorities for research 
into soils, pastures and fodder crops and their utilisation 
in Australian dairy production systems, Albury-Wodonga. 
pp. 20–31. (CSIRO and Dairy Research and Development 
Corporation: Melbourne, Australia).

KLEINSCHMIDT, F.H. (1964) The influence of grazing on the 
botanical composition of an irrigated pasture at Lawes, 
south-east Queensland. Australian Journal of Experimental 
Agriculture and Animal Husbandry, 4, 231–235.

LAWSON, A.R., KELLY, K.B. and STOCKDALE, C.R. (2002) Man-
agement and role of paspalum in irrigated pastures in 
northern Victoria, Australia. In: Paspalum dilatatum, one 
alternative for pasture in Flooding Pampa in Argentina. 
Proceedings of a Workshop held in Buenos Aires, Argentina, 
2–4 October 2002.

LAWSON, A.R. and KELLY, K.B. (2007) Response to the renova-
tion of an irrigated perennial pasture in northern Victoria. 2. 
Botanical composition, and plant and tiller densities. Aus-
tralian Journal of Experimental Agriculture, 47, 159–169.

LOWE, K.F. and BOWDLER, T.M. (1984) The performance of 
temperate and tropical grasses under two irrigation frequen-
cies. Tropical Grasslands, 18, 46–55.

LOWE, K.F. and HAMILTON, B.A. (1985) Dairy pastures in the 
Australian tropics and sub-tropics. In: Murtagh, G.J. and 
Jones, R.M. (eds) Proceedings of the Third  Australian 
 Conference on Tropical Pastures, Rockhampton,  Queensland. 
Tropical Grassland Society of Australia Occasional Publi-
cation No. 3.

LOWE, K.F. and BOWDLER, T.M. (1995) Growth, persistence, 
and rust sensitivity of irrigated, temperate perennial grasses 
in the Queensland subtropics. Australian Journal of Experi-
mental Agriculture, 35, 571–578.

LOWE, K.F., BOWDLER, T.M., CASEY, N.D., FULKERSON, W.J. 
and LAUNDERS, T. (1996) Evaluation of temperate species in 
the subtropics — 1995. (Department of Primary Industries: 
 Ipswich, Australia).

LOWE, K.F., BOWDLER, T.M., CASEY, N.D. and MOSS, R.J. 
(1999a) Performance of temperate perennial pastures in 
the Australian subtropics 1. Yield, persistence and pasture 
quality. Australian Journal of Experimental Agriculture, 39, 
663–676.

03_09_02_Lowe_01.indd   2203_09_02_Lowe_01.indd   22 14/4/09   8:11:28 AM14/4/09   8:11:28 AM



Establishment, productivity and persistence of ryegrass and tall fescue mixtures  23

LOWE, K.F., BOWDLER, T.M., CASEY, N.D. and MOSS, R.J. 
(1999b) Performance of temperate perennial pastures in the 
Australian subtropics 2. Milk production. Australian Journal 
of Experimental Agriculture, 39, 677–683. 

LOWE, K.F., BOWDLER, T.M., HUME, D.E., CASEY, N.D. and 
TAPPER, B.A. (2008) The effect of endophyte on the per-
formance of irrigated perennial ryegrasses in subtropical 
Australia. Australian Journal of Agricultural Research, 59, 
567–577.

LOWE, K.F., BOWDLER, T.M., WHITE, J.A., LOWE, S.A. and 
CALLOW, M.N. (2009) The performance of irrigated mix-
tures of tall fescue, ryegrass and white clover in subtropical 
 Australia. 2. The effects on yield and botanical composition 
of managing for quality. Tropical Grasslands, 43, 24–36.

MCCALLUM D.A., THOMSON, N.A. and THOM, E.R. (1992) The 
place of tall fescue in intensive dairying. Proceedings of the 
Ruakura Farmers’ Conference, 44, 93–97.

MILNE, G.D., SHAW, R., POWELL, R., PIRIE, B. and PIRIR, J. 
(1989) Tall fescue use on dairy farms. Proceedings of the 
New Zealand Grasslands Association, 59, 163–167.

NORTHCOTE, K.H. (1971) A factual key for the recognition of 
Australian soils. 3rd Edn. (Rellim Technical Publications: 
Glenside, South Australia).

PAYNE, R.W., HARDING, S.A., MURRAY, D.A., SOUTAR, D.M., 
BAIRD, D.B., WELHAM, S.J., KANE, A.F., GILMOUR, A.R., 
THOMPSON, R., WEBSTER, R. and WILSON, G.T. (2007) The 
Guide to GenStat Release 10, Part 2: Statistics. (VSN Inter-
national: Hemel Hempstead).

PEDERSON, G.A. and BRINK, G.E. (1991) Productivity and 
quality of annual and perennial clover-tall fescue mixtures. 
Agronomy Journal, 83, 694–699.

READ, J., MCGOWAN, A., REED, K., WARD, G., LOWE, K. and 
KAEHNE, I. (1990) Research in perennial pastures for the 
Australian dairy industry. In: Bartsch, Brian and Mason, 
Warren (eds) Feedbase 2000. A workshop to determine the 
priorities for research into soils, pastures and fodder crops 
and their utilisation in Australian dairy production systems, 
Albury-Wodonga. pp. 35–43. (CSIRO and Dairy Research 
and Development Corporation: Melbourne, Australia).

SANDERSON, M.A., SODER, K.J., MULLER, L.D., KLEMENT, K.D., 
SKINNER, R.H. and GOSLEE, S.C. (2005) Forage mixture pro-
ductivity and botanical composition in pastures grazed by 
dairy cattle. Agronomy Journal, 97, 1465–1471.

STACE, H.C.T., HUBBLE, G.D., BREWER, R., NORTHCOTE, K.H., 
SLEEMAN, J.R., MULCAHY, M.J. and HALLSWORTH, E.G. (1972) 
A handbook of Australian soils. (Rellim Technical Publica-
tions: Glenside, South Australia).

STALEY, T.E. and BELESKY, D.P. (2004) Nodulation and root 
growth of forage legumes sown into tall fescue swards. 
Grass and Forage Science, 59, 399–405.

STEWART, A. and CHARLTON, D. (2003) Pasture and forage 
plants for New Zealand. New Zealand Grasslands Associa-
tion, Grassland Research and Practice Series No. 8.

SUGIYAMA, S. and NAKASHIMA, H. (1991) Effects of cultivars of 
tall fescue (Festuca arundinacea Schreb.) on the botanical 
composition of mixed swards. Grass and Forage Science, 
46, 365–373.

TOTHILL, J.C. (1978) Measuring botanical composi-
tion of grasslands. In: Mannetje, L. ’t (ed.) Measure-
ment of grassland vegetation and animal production. 
pp. 22–62. (CAB: Farnham Royal, England).

(Received for publication April 15, 2008; accepted May 14, 2008)

03_09_02_Lowe_01.indd   2303_09_02_Lowe_01.indd   23 14/4/09   8:11:29 AM14/4/09   8:11:29 AM


