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Abstract

A series of 3-year experiments, spanning the 
period 1993–2006, evaluated the performance of 
commercially available cultivars and breeders’ 
lines of perennial ryegrass (Lolium perenne), 
tall fescue (Festuca arundinacea), brome grass 
(Bromus spp.) and phalaris (Phalaris aquatica) 
and the herbs, chicory (Cichorium intybus) and 
plantain (Plantago lanceolata) under irrigation 
in a subtropical environment. Measurements 
included annual and total dry matter (DM) yields, 
seasonal yields, persistence and resistance to rust 
in pure, nitrogen-fertilised swards.

Summer-active tall fescue cultivars averaged 
around 50 (range 40–70) t/ha DM over 3 years, 
except at Mutdapilly where the average was 
25 (range 11–34) t/ha DM. This was 30% more 
than perennial ryegrass cultivars (38 t/ha DM), 
with the prairie grasses (45 t /ha DM) interme-
diate between these extremes. About 45% of 
this total yield from all species occurred in the 
fi rst year. The most productive cultivars were 
AU Triumph, Dovey, Quantum, Jesup and Jesup 
MaxP. Grasslands Matua and Atom produced 
the highest yields for brome grass and Tolosa, 
Fitzroy, Dobson, Bronsyn, Cannon and Quartet 
were the highest-yielding of the perennial rye-
grasses, along with the hybrid ryegrass, Horizon. 
Tall fescue produced higher spring, summer and 

autumn yields than the perennial ryegrasses in 
this environment, with perennial ryegrasses supe-
rior in winter.

Differences in persistence were of even greater 
magnitude; tall fescue cultivars were around twice 
as persistent as the perennial ryegrasses, while 
the bromes were less persistent than the perennial 
ryegrasses under a cut-and-carry regime. 

Incidence of crown rust was generally lower 
in tall fescue than in perennial ryegrass. However, 
the newer ryegrass cultivars and some experi-
mental lines showed higher resistance than the 
older cultivars. Phalaris and the brome grasses 
were not infected by rust. 

First-year yields explained 67% of the vari-
ation in 3-year total yields and 50% of the 
 variation in persistence after 3 years. The possi-
bility of using detailed sampling in the fi rst year 
and persistence over 3 years as a method of 
predicting cultivar performance is discussed.

Introduction

Over the last 40 years, annual sowings of Italian 
ryegrasses (Lolium multifl orum) have proven a 
more reliable source of cool-season forage than 
perennial-based pastures for subtropical dairy 
production (Lowe and Hamilton 1985). Peren-
nial (L. perenne) and short-rotation (L. multi-
fl orum) ryegrasses have historically failed to 
persist in the subtropical environment of central 
and southern Queensland (Kleinschmidt 1964; 
Cameron 1967) and this still remains a problem 
(Lowe et al. 1999a). On the other hand, milk pro-
duction from these pastures, at least in the fi rst 
year, is higher than from other temperate grasses 
(Lowe et al. 1999b). Of the older cultivars eval-
uated, Kangaroo Valley was the most persistent 
(Lowe and Bowdler 1984); grass dry matter 
(DM) yields were high in the fi rst year but a high 
proportion of the grass population was lost in the 
fi rst summer (Kleinschmidt 1964; Cameron 1967; 
Lowe et al. 1999a). The identifi cation of more 
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persistent  perennial ryegrass cultivars is essential 
if these pastures are to fulfi l the potential in the 
subtropics that they deliver in temperate environ-
ments (Read et al. 1990). 

Tall fescue (Festuca arundinacea) and prairie 
grass (Bromus willdenowii) display better pro-
duction and persistence than perennial ryegrass 
under subtropical conditions (Lowe and  Bowdler 
1995) but quality and acceptability, particularly 
of tall fescue, limit their productive potential 
(Easton et al. 1994). Once management is opti-
mised (Callow et al. 2003), milk production from 
them can be similar to that from perennial rye-
grass, particularly in the second and third years 
(Lowe et al. 1999b). 

At high temperatures, perennial ryegrasses 
have reduced growth rates and their in vitro digest-
ibilities and soluble carbohydrate concentrations 
are lower as temperatures increase (Wilson and 
Ford 1971). Most temperate species cease growth 
when temperatures exceed 30°C (Mitchell 1956). 
Daytime temperatures in the subtropical environ-
ment of south-east Queensland regularly exceed 
this critical value in summer. None of the older 
cultivars has been selected to grow under the com-
bination of high summer temperatures and high 
humidity experienced in the subtropics. However, 
with the current concerns about global warming, 
ryegrass breeders are selecting perennial ryegrass 
to tolerate higher temperatures (Cunningham 
et al. 1994) and this provides an opportunity to 
fi nd better-adapted cultivars for the subtropics.

The most signifi cant disease of perennial rye-
grass and tall fescue is crown rust (Puccinia 
 coronata) and this seems to be most prevalent in 
warmer, more humid environments (Prine 1991; 
Cunningham et al. 1994). Animal acceptance of 
temperate grasses is affected by rust infection 
(Easton et al. 1994), so selection of cultivars with 
improved resistance is essential. Otherwise, utili-
sation can be severely reduced. 

The fi rst paper in this series reported the eval-
uation of short-term ryegrasses in south-east 
Queensland (Lowe et al. 2007). This paper sum-
marises the evaluation, in terms of DM produc-
tion, seasonal yield distribution, persistence and 
rust resistance, of about 100 commercial cultivars 
and breeding lines of perennial and hybrid rye-
grass, tall fescue, prairie grass and phalaris, along 
with 2 types of herbs, over a 13-year period.

Materials and methods

Site

Seventeen fi eld studies were conducted at Gatton 
Research Station (27°34′S, 152°20′E; elevation 
95 m) in south-east Queensland between 1993 
and 2005 and 1 experiment was conducted at 
Mutdapilly Research Station (27°46′S, 152°40′E; 
elevation 40 m) in 1997. The soils are deep, allu-
vial black clays (black earth, Stace et al. 1972; 
Ug 5.15 and 5.16, Northcote 1971). Those at 
Gatton had a pH of 7.8–8.3 (H2O) and a clay con-
tent of 67–70%, and contained 128–134 mg/kg P 
(Colwell extraction) and 0.87–1.0 mmol/100 g K, 
while that at Mutdapilly had a pH of 6.7 (H2O) 
and a clay content of 87%, with 84 mg/kg P and 
0.83 mmol/100g K.

Treatments and design

Experiments were laid out in randomised block 
designs with 3 or 4 replicates. The number of 
treatments varied from 5 to 26, with the lower 
treatment numbers associated with 4 replicates. 
Treatments included elite breeders’ lines of per-
ennial ryegrass (Lolium perenne), hybrid rye-
grass [Lolium hybridum (syn. L. x boucheanum)], 
tall fescue (Festuca arundinacea), festulolium 
(x Festulolium spp.), brome grasses (Bromus spp.) 
and phalaris (Phalaris aquatica), selected by 
commercial plant breeders from their programs, 
together with newly-released and standard culti-
vars, and the herbs, chicory (Cichorium intybus) 
and plantain (Plantago lanceolata). 

Generally, the standards included Ellett, 
Yatsyn 1 or Dobson (perennial ryegrass), Dovey, 
Advance or AU Triumph (tall fescue) and Grass-
lands Matua (prairie grass), which had been 
shown to be superior in this environment (Lowe 
and  Bowdler 1995). Other standards were 
included when requested by seed companies. 
Cultivars developed by AgResearch Grasslands 
in New Zealand (Impact, Samson, Supreme Plus, 
Matua, Gala and Puna) are marketed with the 
prefi x ‘Grasslands’ and those developed by Pyne 
Gould Guinness Ltd (Cannon, Horizon, Typhoon 
and Atom) are marketed with the prefi x ‘Ceres’ 
(Stewart and Charlton 2003). They will subse-
quently be referred to without these prefi xes for 
ease of presentation.
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Techniques

Seed of ryegrass (20 and 30 kg/ha for diploid 
and tetraploid cultivars, respectively), tall fescue 
(25 kg/ha), brome grass (40 kg/ha) and herbs 
(5 kg/ha) was sown by hand into weed-free seed-
beds in early April, rolled and irrigated (12.5 mm) 
weekly for 4 weeks. Previous research has shown 
that establishment and production are optimised 
if ryegrass is sown in early April (Lowe et al. 
1986). Actual sowing dates in early April varied 
from year to year. 

Harvesting of each experiment commenced in 
late May or early June and regrowth was assessed 
at 4-weekly intervals over a 3-year period. DM 
yield was measured by cutting, to 5 cm above 
ground level from the central section of each 
plot, a quadrat of 2.25 (before 1997) or 5.85 
(1997–2005) m2 using a reciprocating mower. 
The botanical composition was determined by 
sorting a sub-sample of the harvested herbage 
into grass and weed components. Samples were 
dried in a forced-draught oven at 80°C for 24 h. 
The remaining pasture residues on each plot were 
removed using a forage harvester. 

In late summer (mid-late February) of each 
year and at the end of the experiment, presence of 
grass crowns was measured in a fi xed, 1 × 0.25 m 
quadrat, divided into a 100-square grid. Persist-
ence was assessed as the percentage of squares 
containing grass crowns.

Seasonal yields were calculated by summing 
harvests from the sampling periods that fell 
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 sampling was 
deemed to fall into a season if more than half the 
growth period occurred in that season.

The incidence of crown rust (Puccinia coro-
nata) was visually assessed on each plot prior to 
each harvest. A 1–9 scale of decreasing damage 
to the leaf surface in increments of 10% was 
used, where 1 = greater than 80% of the leaf area 
within the plot affected by rust pustules and 9 = no 
damage. While rust was assessed throughout the 
3-year experimental periods, damage was more 
consistently recorded in spring. Data presented 
here are the averages of all harvests where rust 
was recorded in the spring of the fi rst year, as 
loss of plant density may have infl uenced relative 
infection levels in later years.

Plots received 50 mm of irrigation every 
2 weeks using a fi xed, solid-set layout with over-
head sprinklers to ensure DM yields were not 
 limited by soil moisture stress. Irrigation schedules 
were maintained unless more than 25 mm of rain-
fall was received in the week prior to application. 
Urea was applied at sowing and following each 
defoliation at 60 kg/ha N. Superphosphate, pro-
viding 18 kg/ha P and 22 kg/ha sulphur (S), was 
applied during the second and third spring periods 
to satisfy a known S defi ciency at the sites.

Statistical analyses

Data for DM yields, persistence and rust damage 
were subjected to analysis of variance using the 
statistical package ‘GenStat’ (Payne et al. 2007). 
Weighted, modifi ed joint regression analyses 
(Digby 1979) were undertaken on total yields 
over 3 years, yield in Year 1, seasonal yields and 
percent of yield produced in summer, fi nal persist-
ence and average spring rust score. The technique 
has been described in Lowe et al. (2007); how-
ever, in this instance, environment was defi ned 
as different 3-year periods. A similar application 
of this technique was used by McLaughlin et al. 
(1994) in evaluating the effects of environment 
on the ability of potato cultivars to accumulate 
cadmium. Any cultivar, which appeared in only 
1 environment (3-year period), was discarded. 
For some cultivars, the iterative process did not 
converge and it was necessary to drop those, 
which appeared only a few times, to attain con-
vergence. Different cultivars/lines were dropped 
from different attribute analyses. The sensitivi-
ties of each cultivar to environmental effects were 
plotted against the fi nal estimates of the cultivar 
means. A high mean and a sensitivity of around 
1.0 should indicate a reliable cultivar under vari-
able conditions, as proposed by Findlay and 
Wilkinson (1963). Cultivars with a high sensi-
tivity have below average stability and are specif-
ically adapted to favourable environments, while 
those with sensitivities below 1.0 are specifi cally 
adapted to unfavourable environments (Findlay 
and Wilkinson 1963). 

Pairwise differences between cultivar means 
were tested using a protected least signifi cant 
difference procedure (P=0.05). The range of 
standard errors for cultivars varied, with large 
values for experimental lines; hence only average 
standard errors for perennial ryegrass, tall fescue 
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and experimental lines are given in Figures 1–6 
to indicate this variability. 

To assess the potential for reducing the assess-
ment period for perennial temperate grasses 
in this environment, correlations were calcu-
lated between yield attribute means over 3 years 
and yields in the fi rst year and between persist-
ence and total yields and yields in the fi rst year 
for each group of species individually and in 
 combination.

General

In the subtropics, establishment of perennial tem-
perate pastures is most critical, dictating their 
long-term performance. In the case of perennial 
ryegrass, no seedling recruitment is possible in 
future years because, with the exception of the 
cultivar Kangaroo Valley and its derivatives, little 
seed production occurs. The other temperate grass 
species do produce seed but, with the exception 
of prairie grass, much of the seed is lost by false 
germinations. Temperate grasses perform poorly 
in summer because temperatures can be well 
above their optimum levels, while restrictions on 
the availability of irrigation require improvement 
in summer yields to increase water use effi ciency. 
For these reasons, we deal specifi cally with the 
above attributes in this paper. 

In Tables 2–6, the quoted year indicates the 
sowing year and cumulative 3-year totals are the 
sum of that year and the following 2 years. Best 
and worst experimental lines provide the range of 
performance of breeding lines within species for 
each experiment and these differ between years 
and attributes.

Climate

Seasonal rainfall and temperatures varied con-
siderably between years, with winter the most 
variable season (Table 1). Over the 13-year 
period, rainfall in autumn, winter and summer 
and total rainfall were below the long-term aver-
ages. Maxi mum and minimum temperatures for 
all seasons were above the long-term averages. 
Maximum temperatures in autumn, spring and 
summer showed the greatest increases above 
average. There was greater variation between 
 seasons for minimum, compared with maximum, 
relative humidity.

Rainfall was very low in 1993, 2001 and 2002 
and these years were characterised by low rela-
tive humidity in summer. Summer temperatures 
were highest in 1997, 2001 and 2003, while 
winter temperatures were lowest in 1994, 2000 
and 2002.

Results

Total yields

Overall performance. The more fi brous-leaved, 
summer-active tall fescue cultivars, such as AU 
Triumph, Cajan, Dovey and Quantum, were the 
highest-yielding temperate grasses. Yields of AU 
Triumph were signifi cantly (P < 0.05) higher than 
those of Vulcan, Jesup and Advance plus all rye-
grass cultivars except some experimental lines. 
Most experimental lines were rarely sown and 
had high standard errors. Most tall fescue culti-
vars performed well under all conditions, with 
sensitivities around 1 (Figure 1). The excep-
tion was Typhoon, which had a similar perform-
ance to Advance but favoured better conditions 
(i.e., high positive sensitivity). Tolosa was the 
best performing perennial ryegrass, although this 
result must be tempered by the fact that it occurred 
in only 2 experiments. It yielded signifi cantly 
(P < 0.05) better than all except Bronsyn, Dobson, 
Fitzroy, Horizon, Quartet and a number of exper-
imental ryegrasses. Its performance was similar 
(P > 0.05) to that of Matua prairie grass and all 
the tall fescue cultivars except AU  Triumph. The 
older ryegrass cultivars such as Embassy, Yatsyn 1, 
Banks and Ellet had generally lower (P < 0.05) 
yields than the ryegrasses listed above, but a 
number of the newer cultivars, such as Meridian, 
Impact and Arrow, did not outyield these older 
cultivars. The other Bromus  species generally 
performed poorly compared with Matua.

Individual experiment performance. The tall 
fescue cultivars, AU Triumph, Dovey and 
Quantum, outyielded (P < 0.05) the perennial rye-
grass cultivars in all experiments in which they 
were included (Table 2). Exceptions occurred 
where other cultivars/lines had equivalent 
(P > 0.05) yields: 1994 (Dobson perennial rye-
grass and the experimental brome), 1993 and 
1994 (Superstrike Matua prairie grass) and 2000 
Exp 1 (best experimental ryegrass). Generally, 
the other tall fescue cultivars and experimental 
lines yielded less than AU Triumph, Dovey and 
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Quantum (P < 0.05). While the relative perform-
ance of the tall fescue cultivars in the only experi-
ment conducted at Mutdapilly was similar to that 
demonstrated at Gatton, yields were substantially 
lower (average of 25 t/ha DM compared with 
50 t/ha). The Phalaris cultivars produced equiva-
lent (P > 0.05) yields to the best ryegrass cultivars 
in the only year they were included.

Dobson was the highest- or equally highest-
yielding commercial perennial ryegrass cultivar in 
all experiments in which it was included. Bronsyn 
and Impact were among the highest-yielding rye-
grass cultivars as were Cannon, Fitzroy, Horizon, 
Tolosa, Quartet and Barberia on the limited occa-
sions they were included in experiments. The best 
performing experimental ryegrass yielded as well 
as the best cultivar in 4 experiments. Mixtures of 
ryegrass and tall fescue performed better than the 
ryegrass alone but below that of the tall fescue 
alone (when these comparisons were available). 

First-year yields

Overall performance. Jesup Max P, AU Triumph 
and Dovey yielded signifi cantly (P < 0.05) more 
than nearly all the ryegrass cultivars, ryegrass 
experimental lines and Advance, Jesup, Quantum 
and Vulcan tall fescues. There were no signifi cant 
(P > 0.05) differences between Quartet, Fitzroy, 
Dobson, Lincoln and Tolosa in fi rst-year yields. 
Quartet performed less consistently than the other 
ryegrasses over all conditions (sensitivity < 0).

Individual experiment performance. Experiments 
sown in 2004 and 2005, although not completed 
at the time of printing (2007), were included in 
the fi rst-year analyses with a number of grass 
 cultivars and herbs appearing only in these 
 analyses. While the best indication of the poten-
tial of perennial ryegrass cultivars to perform 
in the subtropics occurs in the fi rst year, before 
plant population losses take effect, the order 
of performance was generally similar in both 

Figure 1. The relationship between cultivar adaptation (regression coeffi cient = sensitivity) and cultivar mean total DM 
yield over 3-year evaluation periods for tall fescue (+), perennial or hybrid ryegrass ( ) and brome (•) cultivars and 
perennial ryegrass ( ) and tall fescue ( ) experimental lines. A new experiment was sown annually over the period 
1993 to 2003 at Gatton in south-east Queensland. Average s.e. values — perennial ryegrass (2.3), tall fescue (2.2), 
experimental lines (8.7) and brome (2.8).
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Screening perennial grasses for the subtropics  9

 fi rst-year and total yields (compare Tables 2 and 
3) although fi rst-year differences were smaller. 

The tall fescue cultivars, AU Triumph, Dovey 
and Quantum, outyielded (P < 0.05) the best of the 
perennial ryegrasses (Table 3), although in 1994 
Dobson and an experimental line were not sig-
nifi cantly different from AU Triumph and Dovey. 
Only in 2002 Exp. 1 (Barberia) and 2005 (best 
experimental) did a ryegrass cultivar produce 
signi fi cantly (P < 0.05) higher fi rst-year yields than 
the rest of the cultivars. Bareno and Atom bromes 
produced equivalent fi rst-year yields to Matua 
prairie grass but Gala was always lower (P < 0.05) 
yielding. Grouse chicory outyielded the best of 
the perennial ryegrasses by more than 50% in 
the only year it was assessed. On the other hand, 
Tonic plantain was lower-yielding (P < 0.05) than 
Bronsyn and Horizon ryegrasses.

While experiment-to-experiment varia-
tion in fi rst-year yields was generally small, 
extremes were recorded over the 13 years; in 
1994, all  species produced very high yields 

(GM of the combined species experiment being 
25.9 t/ha DM), and in 2001, a severe summer 
affected all species (GM of ryegrass, tall fescue 
and brome experiments being 13.3, 16.7 and 
16.0 t/ha, respectively). Yields of the tall fescue 
cultivars in the 1997 experiment at Mutdapilly 
were only half those from most experiments 
at Gatton.

Seasonal yields

Overall performance. The differences in seasonal 
growth of the perennial grasses are  demonstrated 
in Figure 3. Perennial ryegrasses were supe-
rior to tall fescue in winter (Figure 3A), with 
Tolosa, 1 experimental ryegrass, Samson, Dobson 
and Bronsyn signifi cantly (P < 0.05) so. Quartet, 
Meridian and Impact yielded signifi cantly more 
than all except AU Triumph. AU Triumph, 
Dovey, Quantum and Typhoon were the highest-
yielding tall fescues in winter in this environment. 

Figure 2. The relationship between cultivar adaptation (regression coeffi cient = sensitivity) and cultivar mean fi rst-year 
DM yield for tall fescue (+), perennial or hybrid ryegrass ( ) and brome (•) cultivars and perennial ryegrass ( ) and tall 
fescue ( ) experimental lines. A new experiment was sown annually over the period 1993 to 2005 at Gatton in south-east 
Queensland. Average s.e. values — perennial ryegrass (0.7), tall fescue (1.0), experimental lines (1.5) and brome (1.3).
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Winter-active tall fescues were not included in the 
analysis because none appeared in more than 1 
experiment.

AU Triumph and Cajan tall fescues were 
the best performing cultivars in spring along 
with Matua prairie grass (Figure 3B). AU Tri-
umph yielded signifi cantly more (P < 0.05) than 
the remaining cultivars except for Tolosa and 
those poorly defi ned with large standard errors 
(some experimental cultivars, Arrow, Lincoln and 
Quartet). In addition, Matua was not signifi cantly 
different from Quantum (P > 0.05) and Cajan was 
not different from Advance, Dovey, Quantum and 
Typhoon. 

All tall fescue cultivars yielded well in 
summer, with AU Triumph, Dovey and Quantum 
yielding signifi cantly (P < 0.05) more than 
Advance, while AU Triumph and Dovey yielded 
more (P < 0.05) than Vulcan. All tall fescue cul-
tivars signifi cantly outyielded (P < 0.05) the com-
mercial ryegrass cultivars but not a number of the 

experimental lines (Figure 3C). The older rye-
grass cultivars (Embassy, Ellett, Banks, Yatsyn 1) 
yielded less (P < 0.05) than the newer cultivars 
(Tolosa, Bronsyn, Dobson, Impact) in summer.

Tall fescue cultivars produced high autumn 
yields (Figure 3D) with AU Triumph, Dovey, 
Quantum and Typhoon yielding signifi cantly 
(P < 0.05) more than Advance and Cajan; Dovey 
outyielded Jesup. Horizon and Fitzroy produced 
similar (P > 0.05) yields to the tall fescues, while 
many other perennial ryegrasses produced signif-
icantly less. A number of the experimental rye-
grasses produced similar (P > 0.05) autumn yields 
to the best tall fescue cultivars.

Percent of yield produced in summer

Overall performance. The tall fescue cultivars 
produced a signifi cantly (P < 0.05) greater propor-
tion of their DM in summer than the perennial 

Figure 3. The relationship between cultivar adaptation (regression coeffi cient = sensitivity) and average seasonal DM 
yields for tall fescue (+), perennial or hybrid ryegrass ( ) and brome (•) cultivars and perennial ryegrass ( ) and tall 
fescue ( ) experimental lines. Average s.e. values for autumn, winter, spring and summer, respectively — perennial 
ryegrass (0.2, 0.2, 0.6, 0.3), tall fescue (0.2, 0.2, 0.2, 0.2) and experimental lines (1.0, 0.6, 1.0, 0.9).
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Screening perennial grasses for the subtropics  13

ryegrasses (Figure 4), with no signifi cant differ-
ences between the tall fescue cultivars. While 
Matua produced signifi cantly less in summer 
than the tall fescues, it produced signifi cantly 
more than all perennial ryegrass cultivars except 
Horizon and a number of the experimental lines. 
Horizon produced signifi cantly (P < 0.05) more in 
summer than all other perennial ryegrass cultivars 
except Fitzroy, Tolosa, Impact and Aires HD and 
a number of the experimental lines. 
Individual experiment performance. Tall fescue 
produced 17–30% of its production in summer, 
depending on cultivar and year, compared with 
perennial ryegrass (9–22%), brome grasses 
(15–26%) and phalaris (around 20%) (Table 4). 
Generally, there were no signifi cant (P  >  0.05) dif-
ferences between the summer-active tall fescue 
cultivars but Resolute and Prosper and a number 
of the experimental lines (winter-active types) 
had signifi cantly lower percentages (e.g. 1994, 
1997 Exp. 2, 2000 Exp. 2). Tall fescue- perennial 
ryegrass mixtures generally had lower, and/or 

higher, (P < 0.05) summer percentages than the 
equivalent pure tall fescue and ryegrass stands, 
respectively (e.g. 1997 Exp. 1, 2000 Exp. 1). 
On the other hand, there were larger differences 
between cultivars and experimental lines of per-
ennial ryegrass and brome grasses. Dobson, 
Bronsyn, Impact, Cannon and Tolosa generally 
produced more of their growth in summer than 
other cultivars but this was not always the case 
(i.e., Bronsyn — 2001 Exp. 1, Impact — 1999, 
2002 Exp. 2, 2003). Gala brome produced signif-
icantly less in summer than Matua or the other 
brome cultivars in 1997 but not in 2001 Exp. 3. 

Rust in spring

Overall performance. While rust infected the per-
ennial grasses throughout the year, most severe 
infections occurred in spring. All tall fescue 
cultivars except AU Triumph showed similar 
(P > 0.05) but low levels of foliar damage caused 

Figure 4. The relationship between cultivar adaptation (regression coeffi cient = sensitivity) and average summer DM 
yields as a percentage of total yield for tall fescue (+), perennial or hybrid ryegrass ( ) and brome cultivars (•) and 
perennial ryegrass ( ) and tall fescue ( ) experimental lines. Average s.e. values — perennial ryegrass (5.1), tall fescue 
(4.4) and experimental lines (8.7).
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by rust (Figure 5). Damage to Horizon was sim-
ilar (P > 0.05) to that on Tolosa and all tall fescue 
cultivars, except AU Triumph. No experimental 
ryegrass was as tolerant of rust as Tolosa and 
Horizon, with most signifi cantly less tolerant. 
Tolosa and Horizon were not signifi cantly dif-
ferent from Samson, Kangaroo Valley, Arrow and 
Embassy but were more (P < 0.05) rust-resistant 
than the remaining ryegrass cultivars and some 
of the experimental lines. All brome and Phalaris 
cultivars showed no leaf damage.
Individual experiment performance. In most 
years, rust levels in spring were similar in both 
perennial ryegrass and tall fescue (Table 5); the 
exceptions were in 1993–1996 where tall fescue 
cultivars showed less damage. AU Triumph car-
ried more (P < 0.05) rust than the other tall fescues 
in 1994 and 1996. There was no consistent effect 
on rust damage, of having the endophyte MaxP 
associated with Jesup.

No one ryegrass showed high levels of rust resist-
ance in all experiments in which it was included. 

However, a number of cultivars, including Impact, 
Tolosa, Horizon and Samson, always showed 
 moderate to high (5.2–8.5) levels of resistance. 
Banks, Barberia, Cannon, Ellett, Meridian, Fitzroy 
and Royce showed high resistance in 1 or more 
experiments but a number were badly affected by 
rust on other occasions (e.g. Fitz roy in 1999, Ellett 
in 1993 and Banks in 1994). 

In most experiments, the best experimental 
ryegrass or tall fescue entry carried similar 
(P > 0.05) levels of rust to the best commercial 
cultivar. Rust levels recorded for the mixtures of 
tall fescue and perennial ryegrass, or mixtures of 
perennial ryegrass cultivars, were generally inter-
mediate between those of the component culti-
vars (if included).

Persistence

Overall performance. Persistence (as assessed 
by % occurrence) was higher (P < 0.05) for Jesup 

Figure 5. The relationship between cultivar adaptation (regression coeffi cient = sensitivity) and average spring cultivar 
rust score (where 9 = no rust and 1= > 80% of the leaf blades severely damaged by rust pustules) for tall fescue (+), 
perennial or hybrid ryegrass ( ) and brome (•) cultivars and perennial ryegrass ( ) and tall fescue ( ) experimental 
lines. Average s.e. values — perennial ryegrass (0.4), tall fescue (0.3) and experimental lines (0.5).
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than for Advance, Dovey and 2 experimental 
tall fescue lines (Figure 6). Advance was signif-
icantly (P < 0.05) less persistent than all other tall 
fescues except an experimental line. Best of the 
perennial ryegrasses was Fitzroy (data not pre-
sented), which performed better (P < 0.05) than 
all other ryegrass cultivars, but with a high neg-
ative sensitivity, showing greater resistance to 
environmental change. In the 3 experiments in 
which it was present, it performed worse when 
the environmental mean was highest and this 
infl ated its estimated mean. The next most per-
sistent ryegrass, Tolosa, also with a high negative 
sensitivity, performed better than Arrow, Banks, 
Dobson, Embassy, Lincoln, 1 experimental line, 
Meridian, Samson and Yatsyn 1. The persistence 
of Matua prairie was no better than that of the 
worst of the perennial ryegrasses.
Individual experiment performance. Persist-
ence varied between experiments and species. 
Between-year variation was high and larger for 
ryegrass than tall fescue (Table 6). For example 

in perennial ryegrass, Dobson ranged from no 
survival at the end of the third year in 1996 to 
48% in 1993, and Impact from 3% in 2002 
Exp. 2 to 45% in 1993. In tall fescue, Dovey 
varied from 52% in 1996 to 85% in 2000 and 
Quantum from 53% in 1997 to 89% in 1993. 
Level of persistence is related to the conditions 
experienced during the experiments; conditions 
in 1995, 1996 and 2001 were extreme (Table 1) 
and this is refl ected in lower plant survival. The 
2001 experiment was terminated early. None of 
these ryegrass swards survived the fi nal summer, 
with most of the damage occurring during the 
fi rst summer (data not presented).

Advance was the only tall fescue not signif-
icantly (P > 0.05) more persistent than the per-
ennial ryegrasses in all years. It was also less 
persistent than all other tall fescues. Kangaroo 
Valley perennial ryegrass and its derivatives, 
Boomer, Roper and Skippy, and Fitzroy, bred in 
Australia from the old cultivar Victorian, were 
signifi cantly (P < 0.05) more persistent than the 

Figure 6. The relationship between cultivar adaptation (regression coeffi cient = sensitivity) and cultivar mean persistence 
at the end of the 3-year evaluation period for tall fescue (+), perennial or hybrid ryegrass ( ) and brome (•) cultivars and 
perennial ryegrass ( ) and tall fescue ( ) experimental lines. Average s.e. values — perennial ryegrass (1.0), tall fescue 
(1.0), experimental lines (1.8) and brome (4.1).
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New Zealand-sourced cultivars (Table 2), with 
the exception of 1993, 1997, 1998 and 2000. 
There were differences within the New Zealand-
sourced cultivars; Ellett was more persistent than 
Embassy, Banks and Yatsyn 1 in 1993, Tolosa 
more persistent than all except Impact in 1997 and 
Cannon more persistent than Dobson, Meridian 
and Supreme Plus in 2000. Mixtures of perennial 
ryegrass and tall fescue were more persistent than 
their ryegrass equivalent but less than that of their 
tall fescue component (where present), except in 
1997, when the Impact-Dovey mixture was more 
persistent (P < 0.05) than Dovey alone.

Discussion

General 

This study has provided valuable information on 
growth, persistence and rust-resistance of a wide 
range of temperate perennial grasses over a range 
of seasons under irrigated conditions in the sub-
tropics. The superior DM production (+30%) of 
summer-active tall fescue cultivars over peren-
nial ryegrass cultivars over each 3-year period 
confi rmed previous research (Lowe and Bow-
dler 1984; 1995) from single experiments with a 
restricted range of cultivars. Matua prairie grass 
and the other brome grasses were intermediate to 
these extremes, although Gala performed poorly 
in this environment. Differences in persistence 
were even greater, with tall fescues being 1.8 
times more persistent than the ryegrasses over 
the 3-year periods. While Matua prairie grass was 
less persistent than the ryegrasses in our study, 
these results do not refl ect the true picture as it 
persists better under grazing than perennial rye-
grass (Lowe et al. 1999a; Fulkerson et al. 2000), 
although this is dependent on management 
 factors (Fulkerson et al. 2000) for seeding and 
 regeneration.

There were quite strong seasonal differences 
between the 3 grass types; winter was the only 
season where perennial ryegrasses outperformed 
the other grasses in the subtropics. Matua prairie 
grass showed more winter activity than tall fescue 
cultivars, while its spring production matched the 
best of the tall fescue cultivars and its DM pro-
duction in summer and autumn was inferior. This 
poorer summer production somewhat contrasts 
with the results under grazing in the same environ-
ment (Lowe et al. 1999a; Fulkerson et al. 2000), 

where Matua’s performance was superior to that 
of AU Triumph tall fescue.

There was considerable year-to-year variation 
in the performance of entries, mainly as a result 
of climatic differences, and this variation was 
generally greater than cultivar differences within 
experiments. This within-experiment variation 
was generally accounted for in the weighted, 
modifi ed joint regression analyses (Digby 1979). 
While entries generally behaved similarly in the 
‘overall performance’ and ‘individual experi-
ment’ analyses, there were some inconsistencies. 
More confi dence can be drawn from the results 
where entries have been included on more occa-
sions. Thus, the data on performance of Dobson, 
Impact and Dovey (8, 10 and 8 experiments, 
respectively) would be more reliable than that for 
Tolosa, Quartet and Jesup (2 experiments). 

Tall fescue performance 

While the overall analyses suggested there was 
very little difference between the summer-active 
tall fescues (with the exception of the higher-
quality cultivar Vulcan; Callow et al. 2003), 
there were signifi cant differences between them 
in individual experiments. AU Triumph, Dovey 
and Quantum were the highest-yielding, while 
Advance generally produced lower yields and 
was less-persistent. These results agree with 
published results from similar (Fulkerson et al. 
2000) and other environments (Clark et al. 1993; 
 Hopkins and Alison 2006). Seasonal production 
of winter-active tall fescues, such as Prosper and 
Resolute, differs from that of summer-active tall 
fescues (Stewart and Charlton 2003), with less 
growth in summer; our data, which include a 
number of experimental lines, provide similar evi-
dence under subtropical conditions. The produc-
tion of both tall fescue and perennial ryegrass at 
Mutdapilly was substantially less than at Gatton, 
although persistence was similar. The yield dif-
ference has been reported previously with annual 
ryegrasses in the fi rst paper of this series (Lowe 
et al. 2007), and relates mainly to differences in 
soil physical attributes, as climatic differences 
were small.

Persistence of tall fescue cultivars showed 
greater variation between experiments than 
did total yield and this appears to be related as 
much to environmental variation as to cultivar 
characteristics and morphological traits (Easton 
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et al.1994). Jesup and Jesup MaxP showed best 
persistence although each was present in only 
2 experiments, which had completed 3-years 
assessment. While endophyte presence con-
veyed greater persistence to tall fescue in USA 
(Burns et al. 2006), the results here with Jesup 
and Advance, infected with the novel endophyte 
MaxP, were less conclusive. This contrasted 
with results from other experiments in the same 
environment, where the novel endophyte pro-
vided signifi cant improvement in seasonal yield 
and persistence of a number of tall fescue culti-
vars (K.F. Lowe and D.E. Hume, unpublished 
data). Vulcan performed well in the only experi-
ment in which it was included, but other results 
(Fulkerson et al. 2000; Lowe et al. 2008b) sug-
gested it was not persistent in the subtropics. The 
winter-active tall fescue cultivars and an experi-
mental line were also less persistent and this 
result may parallel the behaviour of winter-active 
Phalaris aquatica cultivars, which are intolerant 
of regular summer defoliation in this environment 
(Kleinschmidt 1964; Lowe and Bowdler 1981). 

Crown rust damage was generally relatively 
light on the tall fescue cultivars. Most averaged 
a visual score around 8, which suggested only 
10–15% of the leaf surface had been affected by 
rust pustules, although levels fell as low as 5. As 
palatability is a major problem for tall fescue, the 
presence of any factor likely to reduce accepta-
bility needs attention and Easton et al. (1994) 
suggest rust resistance is an area which needs 
to be targeted by plant breeders. However, of 
the experimental material we evaluated, none 
appeared to hold any promise of better rust toler-
ance than the current cultivars.

Perennial ryegrass performance 

In New Zealand, Williams et al. (2007) suggest 
that incremental increases in herbage yields have 
been achieved through the successive releases 
of new ryegrass cultivars, particularly during 
the summer and autumn periods in the case of 
 perennial ryegrass. Our data agree with this 
assertion, demonstrating that there was strong 
differentiation between the newer cultivars bred 
in the last 15 years and those developed ear-
lier. Much larger differences were demonstrated 
between the  perennial ryegrass cultivars under 
subtropical conditions than between the tall 
 fescues described above. Likewise, R.G. Clarke 

 (unpublished data, reported in Cunningham 
et al. 1994)  suggested that a range of new cul-
tivars and experimental material performed well 
in experiments in  Victoria, with some showing 
better seasonal yields and more summer activity 
than existing cultivars and superior resistance to 
crown rust. 

There was greater variation in persistence 
in perennial ryegrasses than in tall fescues and 
persistence was even more infl uenced by envi-
ronmental conditions. It appears that severe con-
ditions (very hot and dry) during the fi rst summer 
predisposed perennial ryegrass to high popula-
tion losses over the 3-year experimental periods 
studied. This was demonstrated in our experi-
ments in 1996, where persistence was negli-
gible for most cultivars after 3 years and in 2001, 
where the experiment had to be terminated at the 
end of the second year, as no ryegrass plants were 
present in most treatments. Kangaroo Valley and 
selections from it (Skippy, Roper and Boomer), 
Fitzroy and Tolosa were the most persistent cul-
tivars, although persistence of perennial rye-
grass was not always positively related to yield 
in this environment (Lowe and Bowdler 1984). 
Based on the limited data available, both Fitzroy 
and Tolosa appeared more adapted to high-stress 
environments, than other new cultivars. 

Rust damage on perennial ryegrass in spring 
ranged from 2 (which suggests around 80% of 
the leaf area of the stand was affected by rust 
pustules) to 8, depending on cultivar and environ-
mental conditions experienced. While there was 
not the same differentiation between old and new 
cultivars in rust resistance as in total yield, the new 
cultivars Tolosa, Horizon and Samson showed 
that improvements have been made in selecting 
for rust resistance. While Yatsyn 1, Ellett and 
Dobson were released with good resistance, sub-
stantial damage from rust occurred to these culti-
vars in our experiments as resistance broke down. 
Similar loss of resistance has been experienced 
in New Zealand (Stewart and Charlton 2003) and 
southern Australia (Cunningham et al. 1994).

Improved summer production from perennial 
ryegrass is a priority for all areas of Australia 
(Cunningham et al. 1994), but especially in 
the subtropics and northern Victoria, where it 
is required to justify the cost of irrigation. Our 
experiments demonstrated substantial variation 
between cultivars and experimental lines in the 
percentage of DM produced in summer. It ranged 
from 12% to 18%, which translates into an extra 
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1.8 t/ha DM in each summer from the superior 
cultivars. This additional feed is available for 
grazing at a time when quality feed is scarce.

Breeding objectives for perennial ryegrass 
in Australia and New Zealand (Cunningham 
et al. 1994) include increased environmental 
adaptation, improved seasonal growth, drought 
tolerance and increased resistance to diseases 
(all relevant to the subtropics), enhanced nutri-
tive value and improved seedling vigour and 
seed yield (less rele vant to the subtropics). If we 
postulate that the yields of Yatsyn 1, Banks and 
Ellett represent the older ryegrasses and those 
of Bronsyn, Dobson, Fitzroy and Horizon repre-
sent the newer cultivars (Figure 1), the improve-
ment in performance from breeding and selection 
over the last 10–15 years is about 22% under sub-
tropical conditions. Despite this, the long-term 
performance and persistence of perennial rye-
grass are still less than satisfactory. While tall 
fescue cultivars achieve superior yields, animal 
production differences do not refl ect these higher 
yields (Easton et al.1994; Lowe et al. 1999b).

Performance of other species 

Yield and persistence of the 2 Phalaris cultivars 
were no better than those of the best perennial 
ryegrass cultivars in the experiment in which they 
were included. However, these yields were higher 
than those from earlier experiments at the same 
site and with similar management, where only 
25 t/ha DM was produced by cv. Australian 
(Lowe and Bowdler 1981) and 40 t/ha from 
cv. Grasslands Maru (Lowe and Bowdler 1995), 
both over 2-year periods. The fi rst-year per-
formance of chicory in this environment is high 
and is confi rmed by data obtained at Mutdapilly 
(K.F. Lowe and T.M. Bowdler, unpublished data), 
Gatton (Lowe et al. 2008b) and New Zealand 
(Hume et al. 1995).

Techniques for evaluating perennial grass under 
subtropical conditions

The data were used to assess how well fi rst-year 
DM yield could predict the long-term perform-
ance of temperate grasses under subtropical con-
ditions. First-year yields predicted 69% and 78% 
of the variation (P < 0.001) in 3-year total yields 
for perennial ryegrass and tall fescue  cultivars, 

respectively, but were uncorrelated with the 
3-year total yields of the experimental lines. 
When all commercial grass cultivar data were 
combined, fi rst-year yields explained 88% of 
the variation, while including the experimental 
line data reduced this fi gure to 67%. The lack of 
predictability for the experimental lines alone is 
disappointing but appears to refl ect the greater 
variation in performance between experimental 
lines, which had not gone through the same inten-
sive selection processes as cultivars. 

Our data suggest that the long-term yields of 
potential new cultivars could reliably be assessed 
under subtropical conditions by intensively 
measuring only the fi rst-year yields. We further 
 analysed the data to see how well yields could 
predict persistence after 3 years. Three-year total 
yields predicted 53% of the variation (P < 0.001) 
in persistence (as measured by % frequency) of 
the planted grass. If fi rst-year yields were substi-
tuted for total yields, the predicted level fell by 
only 3 percentage units to 50% (P < 0.001). 

The levels of predictability for both total yield 
and persistence after 3 years are far higher than 
expected from temperate environments and pos-
sibly relate to the fact that in the subtropics few of 
the perennial cultivars reseed naturally (i.e., less 
than 5% of tillers are reproductive). The only 
exception is the cultivar Kangaroo Valley and its 
derivatives. As seedling recruitment is unlikely, 
the initial population is not supplemented or 
replaced, and the population falls exponentially 
in a similar way to lucerne (Gramshaw 1978) in 
response to the impact of environmental condi-
tions, diseases and insect pests. 

We suggest that the DM yields of temperate 
perennial grasses could be assessed intensively 
for the fi rst year as a technique for assessing their 
potential in this environment. Information on the 
reliability of persistence could be improved by 
maintaining stands for 3 years with regular defo-
liation, while monitoring persistence annually. 
Not recording yield measurements after the fi rst 
year would save considerably on research costs.
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