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Abstract

The effects on yield, botanical composition 
and persistence, of using a variable defoliation 
schedule as a means of optimising the quality 
of the tall fescue component of simple and com-
plex temperate pasture mixtures in a subtropical 
environment was studied in a small plot cut-
ting experiment at Gatton Research Station in 
south-east Queensland. A management schedule 
of 2-, 3- and 4-weekly defoliations in summer, 
autumn and spring and winter, respectively, 
was imposed on 5 temperate pasture mixtures: 
2 simple mixtures including tall fescue (Fes-
tuca arundinacea) and white clover (Trifolium 
repens); 2 mixtures including perennial ryegrass 
(Lolium perenne), tall fescue and white clover; 
and a complex mixture, which included peren-
nial ryegrass, tall fescue, white, red (T. pratense) 
and Persian (T. resupinatum) clovers and chicory 
(Cichorium intybus).

Yield from the variable cutting schedule was 
9% less than with a standard 4-weekly defolia-
tion. This loss resulted from reductions in both 
the clover component (13%) and cumulative grass 
yield (6%). There was no interaction between 
cutting schedule and sowing mixture, with 
simple and complex sowing mixtures reacting 
in a similar manner to both cutting schedules. 
The experiment also demonstrated that, in com-
plex mixtures, the cutting schedules used failed 
to give balanced production from all sown com-
ponents. This was especially true of the grass and 

white clover components of the complex mixture, 
as chicory and Persian clover components domi-
nated the mixtures, particularly in the fi rst year.

Quality measurements (made only in the fi nal 
summer) suggested that variable management had 
achieved a quality improvement with increases 
in yields of digestible crude protein (19%) and 
digestible dry matter (9%) of the total forage pro-
duced in early summer. The improvements in the 
yields of digestible crude protein and digestible 
dry matter of the tall fescue component in late 
summer were even greater (28 and 19%, respec-
tively). While advantages at other times of the 
year were expected to be smaller, the data sug-
gested that the small loss in total yield was likely 
to be offset by increases in digestibility of avail-
able forage for grazing stock, especially in the 
critical summer period.

Introduction

Alternative temperate perennial grasses, espe-
cially tall fescue (Festuca arundinacea), are 
more persistent during the hotter months and pro-
duce more yield in subtropical areas of Australia 
than perennial ryegrass (Lolium perenne) cul-
tivars, which are more seasonally variable and 
heat-sensitive (Lowe and Bowdler 1984; 1995). 
Callow et al. (2003) established that there were 
differences in the adaptation of tall fescue culti-
vars to a subtropical environment, with Dovey, 
Quantum, Jessup, AU Triumph and Cajan being 
most productive. However, these were also gen-
erally those with lowest forage quality. In a 
grazing experiment in a subtropical environment, 
milk production from AU Triumph tall fescue 
was less effi cient (less milk produced per unit of 
forage on offer) than from Yatsyn 1 perennial rye-
grass, although production improved when pas-
tures were managed to limit a build-up of mature 
forage (Lowe et al. 1999a; 1999b).

In an investigation into the effects of aging on 
tall fescue foliage in this environment, Callow 
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et al. (2003) established that quality could be 
improved, irrespective of cultivar, if tall fescue 
was grazed every 2–3 weeks during spring and 
summer and every 3–4 weeks in autumn and 
winter. However, the effect of this management 
strategy on growth and persistence was not estab-
lished. This second paper in a series to study tall 
fescue-ryegrass mixtures, investigated the effects 
of this variable defoliation treatment, compared 
with a standard, 4-weekly defoliation, on the 
yield, botanical composition and persistence of 
the best pasture mixture options from the pre-
vious experiments (Lowe et al. 2009).

Materials and methods

Site

A fi eld study was conducted from 1999 to 2002 
at Gatton Research Station in south-east Queens-
land (27°34′S, 152°20′E; elevation 95 m). The 
soil type, described in Lowe et al. (2009), was 
a deep, fertile alluvium. During April 2000 and 
2001, 300 kg/ha of superphosphate (88 g/kg P; 
110 g/kg S) was applied to treat a possible sul-
phur defi ciency in long-term swards (Dickson 
and Asher 1974). Urea (460 g/kg N) was applied 
at 120 kg/ha in early spring to improve grass 
recovery after winter (Anon 1995). Plots were 
irrigated fortnightly using hand-shift overhead 
sprinklers to ensure yields were not limited by 
soil moisture stress (Anon 1995).

Treatments and design

Forty 10 m2 plots were sown by hand in April 
1999 with seed of one of 5 temperate pasture 
mixtures (see below). The cultivars were chosen 
because they contributed specifi c characteris-
tics to the various mixtures: the tall fescue culti-
vars, Dovey and Quantum, had the most vigorous 
seedlings and were the only commercially avail-
able cultivars of those recommended by Callow 
et al. (2003); and the perennial ryegrass culti-
vars, Bronsyn (diploid) and Quartet (tetraploid), 
had performed well in screening experiments 
(Lowe et al. 1999c). In the simple mixtures, 
all ryegrasses were sown at 10 kg/ha and white 
clover (Trifolium repens cv. Haifa) at 5 kg/ha. 
There were 3 tall fescue sowing rates: 5 (com-
plex mixtures), 15 (ryegrass-tall fescue mixtures) 

and 25 (tall fescue mixtures) kg/ha. The com-
plex mixture contained temperate species, which, 
when combined, could provide a longer growing 
period than that expected from simple mixtures. 

The treatments (sowing rate in brackets) 
were:
(1) Dovey tall fescue (15), Bronsyn perennial
 ryegrass (10) and Haifa white clover (5)
 (DBH)
(2) Dovey (25) and Haifa (5) (DH)
(3) Dovey (5), Impact perennial ryegrass (10), 

Aran white (1), Sustain white (1), Rene-
gade red (T. pratense) (6) and Maral Persian 
(T. resupinatum) (1) clovers and Puna chicory 
(Cichorium intybus) (1) (Complex mixture)

(4) Quantum tall fescue (15), Quartet hybrid rye-
grass [L. hybridum (syn. L. x boucheanum)] 
(10) and Haifa (5) (QmQtH)

(5) Quantum (25) and Haifa (5) (QmH).
There were 2 cutting frequencies:

(1) fi xed (4-weekly)
(2) variable [2-weekly (summer), 3-weekly 

(autumn and spring) and 4-weekly (winter)].
Plots were laid out in a randomised block 

design with 4 replicates. Harvesting commenced 
in June 1999 and sampling continued for 3 years.

Measurements 

Yield and botanical composition. Yield and 
botanical composition were measured by cut-
ting a 5.9 m2 quadrat from the central section 
of each plot as described in Lowe et al. (2009). 
Subsamples were taken for determining dry 
matter and botanical composition. Sorting of all 
samples during the fi rst 12 months revealed that 
botanical composition did not change signifi -
cantly within seasons so, in subsequent years, 
only the sample from the harvest at the end of 
each seasonal period was sorted. These data were 
applied to the preceding harvests in the same 
season. Samples were dried in a forced-draught 
oven at 80°C for 24 h. After each sampling, the 
residual material on each plot was removed using 
a forage harvester. Seasonal yields were cal-
culated 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 seasonal yield if more than half the 
growth period occurred in that season. 

03_09_03_Lowe_02.indd   2503_09_03_Lowe_02.indd   25 14/4/09   8:47:42 AM14/4/09   8:47:42 AM



26  K.F. Lowe, T.M. Bowdler, J.A. White, S.A. Lowe and M.N. Callow

Plant density of all components was assessed 
monthly from October 1999 to September 2000 
using a fi xed 1 × 0.25 m quadrat, divided into a 
100-square grid. Subsequently, plant density was 
recorded at the end of summer 2001 and on com-
pletion of the study. Plant occurrence of compo-
nents was determined for all plots in late summer 
2002 using the same fi xed quadrat by estimating 
the percentage of the 100 squares containing 
grass basal tillers or growing points of clover or 
chicory.
Forage quality. Differences in forage quality as 
a result of the management strategies utilised 
here were established by Callow et al. (2003). As 
the aim of the experiment was to determine the 
effect of management on growth and persistence, 
there was no plan for detailed quality sampling 
to confi rm Callow’s fi ndings over the duration 
of the experiment. However, to establish that an 
improvement in quality had been achieved, ‘point 
in time’ checks on all treatments were conducted 
in early and late summer 2001–02, when quality 
differences were expected to be greatest (Callow 
et al. 2003). 

As the variable treatment was defoliated twice 
over a 4-week period in summer and the fi xed 
treatment only once, the two 2-weekly samples of 
the variable treatment were combined (in direct 
proportion to their respective yields) for quality 
analyses over the same time-frame. As no rye-
grass remained in any of the swards, the DH and 
DBH and QmH and QmQtH treatments were 
also combined, providing 3 treatments (Dovey, 
Quantum and complex mixture) by 4 replicates 
for quality analyses. 

In early January 2002, bulk forage samples 
(unsorted) were submitted for analysis using Near 
Infrared Refl ectance Spectroscopy (NIR006), 
while in late February 2002 material was sorted 
into tall fescue, white clover, chicory and weeds 
but only the tall fescue component was sub-
mitted for analysis. Calibrations were previ-
ously derived according to procedures outlined 
by Smith and Flinn (1991): crude protein (CP)%, 
acid detergent fi bre (ADF)%, neutral detergent 
fi bre (NDF)%, digestible protein (DCP)% and 
digestible dry matter (IVDDM)%. The refer-
ence methods used for NIR calibration were the 
Flinn and Saul (1983) method for CP and NDF 
and a pepsin-cellulase technique (Clarke et al. 
1982) for IVDMD. Analytical values were fi rst 
adjusted using a linear regression based on sim-
ilar samples of known in vivo DMD and checked 

by analysing a small number of samples using 
reference methods and comparing NIR and refer-
ence values (Callow et al. 2003).

Statistical analyses

Cumulative yields were analysed for each season, 
each year and the duration of the study. Data for 
yields, plant density and plant occurrence were 
subjected to 3-way analyses of variance using the 
statistical package ‘Genstat’ (Payne et al. 2007). 
Repeated measurements analysis of variance was 
performed on the seasonal yield and plant den-
sity data. Component and total yield data were 
normally distributed and did not require transfor-
mation. Weed data were log-transformed using 
(yield+0.0001). Detailed fi rst-year plant density 
data needed square root transformation but annual 
plant density and % occurrence data analyses 
were not improved by the transformation and are 
presented untransformed. 

Climate

Rainfall, evaporation and temperature recorded at 
Gatton during the experimental period have been 
presented previously (Lowe et al. 2009). Gener-
ally, the summers became hotter over the 3 years 
of the experiment while the winters became 
colder. More frosts were recorded in the 2001 
winter than in the preceding winters. Evaporation 
rates increased in the same manner as maximum 
temperature. Spring rainfall was average or above 
average in all 3 years, while summer rainfall was 
always below average.

Results

As there were no signifi cant interactions between 
pasture mixture and cutting frequency, only the 
main effects data have been presented.

Annual and total yields

Cutting schedule. Over the 3 years, total yield 
with the variable cutting schedule was 9% less 
(P<0.05) than with a fi xed, 4-weekly cutting 
schedule (Table 1). This reduction was made 
up of a 13% reduction in clover yield and a 6% 
reduction in grass yield. All pasture components 
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except perennial ryegrass and chicory produced 
higher yields (P<0.05) under the fi xed schedule; 
ryegrass yield was higher (P<0.05) under variable 
cutting.

Total and tall fescue yields were higher 
(P<0.05) under the fi xed cutting schedule in all 
3 years (Figure 1A), while combined white and 
Persian clover yields were higher (P<0.05) under 
the fi xed cutting schedule in the fi rst year only. 
Ryegrass yield was unaffected by cutting schedule 
in the fi rst year but was higher under the variable 
schedule in the second year.
Pasture mixtures. Total yield in the DBH mixture 
was less (P<0.05) than in most other mixtures 
(Table 1). Total grass yield in the complex 
mixture was less than 40% of that for the other 
mixtures (P<0.05), and total clover yield was 
lower (P<0.05) in the complex mixture, even with 
the contribution of the Persian and red clover 
components.

Bronsyn was the highest-yielding ryegrass 
(P<0.05), producing over 1 t/ha more over 3 years 
than Quartet, while Impact ryegrass produced low 
yields in the complex mixture (Table 1). Both 
tall fescue cultivars in the single-grass mixtures 
(DH and QmH) produced about 50% more than 
the tall fescue component in the 2-grass mixtures 
(DBH and QmQtH). While Dovey tall fescue 
produced more (P<0.05) than Quantum in the 
1-grass mixtures, there were no cultivar differ-
ences in the 2-grass mixtures. On the other hand, 
the yield of Dovey in the complex mixture was 
much lower (P<0.05) than in the 1- or 2-grass 
treatments. Chicory yield was outstanding in the 

complex mixture. Haifa white clover yielded 
more (P<0.05) in association with Quantum than 
with Dovey in both the 1- and 2-grass mixtures, 
and yielded more than the combination of white 
clovers in the complex mixture (P<0.05). Weed 
yields were unaffected (P>0.05) by sowing com-
bination. 

While the complex mixture yielded more than 
the other mixtures in the fi rst year, it yielded 
less in the second and third years (Figure 1B). 
This was the result of the contribution made by 
chicory and Persian clover in the fi rst year. All 
other components were lower-yielding (P<0.05) 
in the complex mixtures in all 3 years. Tall fescue 
yields were higher (P<0.05) in the 1-grass mix-
tures than in the 2-grass mixtures in the fi rst and 
second years. 

Seasonal yields

Stand age. In all seasons, total yields were lower 
in Years 2 and 3 than in the fi rst year (P<0.05), 
with the greatest effect in winter (Figure 2A). 
However, components responded differently in 
different seasons. Ryegrass yields were very low 
after the fi rst winter-spring period, while yields 
of tall fescue tended to increase with time. White 
clover responded differently between seasons, 
with signifi cant (P<0.05) decreases with age of 
stand in summer and autumn but increases in 
winter and spring.
Cutting schedule. Fixed cutting generally pro-
duced higher (P<0.05) total and white clover 

Table 1. Cumulative yields of ryegrass, tall fescue, clovers, chicory and weeds in various pasture mixtures at two cutting frequencies 
over 3 years (1999–2002).

Treatment Cumulative yields 

Ryegrass Fescue White
clover

Red
clover

Persian
clover

Chicory Weeds Total
grass

Total
clovers

Overall
total

(t/ha)
Effect of pasture mixture
Dovey, Bronsyn, Haifa (DBH) 8.89 15.07 15.29 — — — 0.19 23.95 15.29 39.44
Dovey, Haifa (DH) 0 24.25 16.12 — — — 0.32 24.29 16.28 40.89
Complex mixture 2.00  7.31  3.01 2.80 6.98 19.48 0.29 9.30 12.79 41.60
Quantum, Quartet, Haifa (QmQtH) 7.81 15.63 17.77 — — — 0.15 23.44 17.77 41.36
Quantum, Haifa (QmH) 0 22.92 18.02 — — — 0.21 22.92 18.02 41.14
LSD (P=0.05) 0.59 1.06 1.57 — — — NS 1.02 1.57 1.69

Effect of cutting schedule1

Fixed 3.55 17.92 14.63 0.70 1.79 3.76 0.15 21.47 17.12 42.77
Variable 3.95 16.14 13.45 0.49 1.00 4.03 0.21 20.09 14.94 39.00
LSD (P=0.05) 0.37 0.67 0.99 0.23 0.40 0.41 NS 0.68 0.99 1.07

1  Fixed = cut 4-weekly; Variable = cut 2-weekly in summer, 3-weekly in autumn and spring and 4-weekly in winter.
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yields in all seasons and higher tall fescue yields 
in spring and summer than a variable cutting 
regime (Figure 2B). Persian clover produced more 
(P<0.05) under fi xed cutting in winter and spring, 
but made little contribution in the other seasons. 
Chicory was unaffected by cutting schedule in 
any season.
Pasture mixture. Total yields were affected by 
sowing mixture only during winter and spring 
(Figure 2C). During winter, the order was: 
complex mixture < 1-grass mixtures < 2-grass 
mixtures — (P<0.05). However in spring, the 
reverse occurred with the complex mixture pro-
ducing the highest yields and the 1-grass mixtures 
outyielding the 2-grass mixtures.

Ryegrass, tall fescue and white clover yields 
were always lower (P<0.05) in the complex 
mixture in all seasons (Figure 2C). While Bronsyn 
outyielded (P<0.05) Quartet in spring, yields of 
tall fescue were similar in all seasons (P>0.05). 
Chicory contributed most to the complex mixture 
during spring and summer, while Persian clover 
yielded best in spring.

Plant density

Cutting schedule. Tall fescue density was gener-
ally highest (P<0.05) under the  variable cutting 

schedule in the second 6 months (November 1999–
April 2000) (Figure 3A), but there was no dif-
ference (P>0.05) by the end of the experiment 
(Table 2). There was a signifi cant rise in tall 
fescue density from October to mid-summer 
of the fi rst year, a fall (P<0.05) to March and a 
further  signifi cant rise until the second spring 
(Figure 3A). By the end of the third summer, 
density had dropped from a peak of about 
160 plants/m2 to about 10 plants/m2. While rye-
grass density tended to be higher under the var-
iable cutting schedule during the fi rst year 
(Figure 3B), the differences rarely reached sig-
nifi cant levels. Ryegrass density declined 
(P<0.05) to February–March but increased again 
to September (Figure 3B) in the establishment 
year but there was little ryegrass by the end of 
the third summer (Table 2). White clover density 
was also generally higher (P<0.05) under the var-
iable cutting schedule in the fi rst year (Figure 3C) 
but the effect disappeared in subsequent years 
(Table 2). White clover density increased (P<0.05) 
until January, fell to March and then rose until 
September of the fi rst year (Figure 3C). There 
was a continued rise until the end of the second 
summer (Table 2), with plant numbers falling to 
very low levels (about 10 plants/m2) by the end 
of the third summer. 

Table 2. Plant density of ryegrass, tall fescue and clovers in various pasture mixtures at the end of each summer from 2000 to 2002 
under two cutting frequencies.

Treatment February 2000 February 2001 February 2002

Ryegrass Fescue White 
clover

Ryegrass Fescue White 
clover

Ryegrass Fescue White 
clover

(Plants/m2)
Effect of pasture mixture
Dovey, Bronsyn, 
Haifa (DBH)

4.2 (73)1 8.5 (74) 16.0 (259) 4.8 (122) 9.7 (94) 18.6 (346) 0.9 (2) 3.1 (10) 3.0 (9)

Dovey, Haifa 
(DH)

— 12.8 (164) 16.1 (263) — 14.4 (209) 18.6 (348) —
3.3 (11)

2.6 (7)

Complex mixture 1.7 (8) 4.2 (21) 3.2 (14) 4.7 (109) 7.2 (56) 8.1 (69) 0.4 (1) 3.3 (11) 3.2 (11)
Quantum, 
Quartet, Haifa 
(QmQtH)

4.0 (57) 9.1 (84) 15.9 (257) 4.8 (123) 10.1 (104) 17.3 (305) 0.8 (2) 3.1 (10) 2.9 (9)

Quantum, Haifa 
(QmH)

— 12.4 (158) 16.3 (265) — 14.7 (217) 18.4 (341) — 3.6 (13) 3.0 (10)

LSD2 (P=0.05) 0.6 1.1 1.1

Effect of defoliation frequency3

Fixed 3.3 (28) 9.1 (95) 12.1 (182) 4.7 (69) 10.6 (125) 16.0 (280) 0.5 (1) 3.2 (10) 3.0 (10)
Variable 3.3 (27) 9.7 (105) 13.0 (242) 4.8 (73) 11.8 (146) 16.4 (283) 0.9 (2) 3.3 (11) 2.9 (9)
LSD2 (P=0.05) 0.2 0.4 0.4

1  Means are square root transformations (back transformed values in brackets).
2  LSD values are provided for testing within and between years for each species.
3  Fixed = cut 4-weekly; Variable = cut 2-weekly in summer, 3-weekly in autumn and spring and 4-weekly in winter.

03_09_03_Lowe_02.indd   2903_09_03_Lowe_02.indd   29 14/4/09   8:47:48 AM14/4/09   8:47:48 AM



30  K.F. Lowe, T.M. Bowdler, J.A. White, S.A. Lowe and M.N. Callow

F
ig

ur
e 

2.
 E

ff
ec

ts
 o

f:
 [

A
] 

ye
ar

 (
99

 —
 1

99
9,

 0
0 

—
 2

00
0,

 0
1 

—
 2

00
1,

 0
2 

—
 2

00
2)

, [
B

] 
cu

tti
ng

 s
ch

ed
ul

e 
(F

 —
 fi

 x
ed

 c
ut

tin
g 

sc
he

du
le

; V
 —

 v
ar

ia
bl

e 
cu

tti
ng

 s
ch

ed
ul

e)
 a

nd
 [

C
] 

m
ix

tu
re

 
(D

B
H

 —
 D

ov
ey

, B
ro

ns
yn

, w
hi

te
 c

lo
ve

r;
 D

H
 —

 D
ov

ey
, w

hi
te

 c
lo

ve
r;

 M
ix

 —
 c

om
pl

ex
 m

ix
tu

re
; 

Q
m

Q
tH

 —
 Q

ua
nt

um
, Q

ua
rt

et
, w

hi
te

 c
lo

ve
r;

 Q
m

H
 —

 Q
ua

nt
um

, w
hi

te
 c

lo
ve

r)
 o

n 
th

e 
se

as
on

al
 D

M
 y

ie
ld

s 
of

 s
w

ar
ds

 a
nd

 c
om

po
ne

nt
 s

pe
ci

es
 s

ow
n 

at
 G

at
to

n 
in

 1
99

9.
V

er
tic

al
 b

ar
s 

al
on

gs
id

e 
ea

ch
 c

om
po

ne
nt

 i
nd

ic
at

e 
si

gn
ifi 

ca
nc

e 
at

 P
=

0.
05

. C
ol

um
n 

to
ta

ls
, w

ith
in

 s
ea

so
ns

, h
ea

de
d 

by
 d

if
fe

re
nt

 l
et

te
rs

 a
re

 s
ig

ni
fi c

an
tly

 d
if

fe
re

nt
 a

t 
P=

0.
05

. 

03_09_03_Lowe_02.indd   3003_09_03_Lowe_02.indd   30 14/4/09   8:47:49 AM14/4/09   8:47:49 AM



Managing ryegrass and fescue mixtures for quality  31

Figure 3. The effects of cutting schedule (open markers — fi xed frequency; solid markers — variable frequency) on 
the plant density of [A] tall fescue, [B] perennial ryegrass, [C] white clover in tall fescue-based pastures (averaged over 
5 pasture mixtures) from spring 1999 to spring 2000. 
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Persian and red clovers and chicory failed 
to respond to cutting schedule and were always 
present at lower densities than the other compo-
nents. Red clover density increased in the second 
winter and spring periods but there was no effect 
of cutting schedule (data not presented).
Pasture mixtures. Tall fescue density was highest 
in the 1-grass mixtures and lowest in the com-
plex mixture (Figure 4A). Ryegrass density in 
the 2-grass mixtures was similar (P>0.05) but 
higher (P<0.05) than that in the complex mixture 
until the fi rst winter (Figure 4B). White clover 
density was similar (P>0.05) in all except the 
complex mixture (Figure 4C). In the complex 
mixture, Persian clover did not regenerate after 
the fi rst summer (data not presented), while red 
clover increased in numbers (P<0.05) in the 
second spring but had disappeared by the end 
of the experiment. Chicory maintained a density 
of around 25–30 plants/m2 until the end of the 
second year (Figure 4E). Component density in 
all mixtures was generally similar (P>0.05) at the 
end of the experiment (Table 2).

Percent occurrence

While the density data (Table 2) suggest that there 
were very few plants of any species remaining at 
the end of the experiment, plant size was sub-
stantial and plots retained a substantial level of 
ground cover (Table 3). In general, tall fescue 
was most prolifi c, followed by white clover, with 
very little ryegrass. Only tall fescue persistence 
was infl uenced by defoliation schedule, with a 
higher % occurrence under the variable defolia-
tion frequency (42% vs 55 %).

Table 3. Percent occurrence of pasture components in various 
pasture mixtures in February 2002.

Pasture mixture Ryegrass Fescue White 
clover

Chicory

(%)
Dovey, Bronsyn, 
Haifa (DBH)

0.6 43.6 27.5 0

Dovey, Haifa (DH) 0 51.7 29.4 0
Complex mixture 2.5 37.1 19.3 9.6
Quantum, Quartet, 
Haifa (QmQtH)

0 49.5 40.5 0

Quantum, Haifa 
(QmH)

0 61.0 41.1 0

LSD (P=0.05) NS 11.6 15.3 na

Quality

Defoliating on a 2-weekly basis signifi cantly 
(P<0.05) increased quality of mid-summer 
forage in the third year in all measured attributes, 
compared with the standard 4-weekly defoli-
ation (Table 4). This amounted to an 11–15% 
improvement in ADF, NDF, CP and DCP con-
centrations, and a 3% increase in DDM. Pas-
ture mixture affected (P<0.05) only crude protein 
and  digestible crude protein concentrations with 
foliage from the complex mixture generally of 
lower quality than that of the simple mixtures. 
The trends for tall fescue forage in late summer 
were similar (Table 5).

Yields of CP, DCP and DDM in both  January 
and February were higher (P<0.05) under the var-
iable defoliation treatment than under the fi xed 
cutting schedule (Tables 4 and 5). The com-
plex mixture yielded 30–50% less for all quality 
attributes than the simple mixtures (data not 
 presented). Variable cutting increased digestible 
crude protein and digestible dry matter yields of 
the whole pasture by 19% and 9%, respectively, in 
early summer compared with the fi xed schedule. 
Corresponding fi gures in late summer for the tall 
fescue component were 28% and 19%, respec-
tively. While there was a signifi cant interaction 
between pasture mixture and defoliation system 
in early summer, these effects were small com-
pared with the main effects.

Discussion

Employing a seasonally variable defoliation 
schedule, as recommended by Callow et al. 
(2003) to improve the quality of the tall fescue 
component of perennial ryegrass-tall fescue mix-
tures at critical times of the year, reduced the 
yield of all pasture components except ryegrass 
over the 3-year life of this experiment, compared 
with the currently recommended fi xed frequency 
of 4 weeks. While total yield was reduced by 
around 9%, the depression in clover yields was 
much greater (about 13%). We are unaware of 
reports from other environments of experiments 
which employed differential seasonal defolia-
tion management specifi cally to improve forage 
quality. However, Milne et al. (1989) cited farmer 
experience from New Zealand to demonstrate 
improved tall fescue utilisation in summer by the 
use of increased defoliation frequency. Varying 
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Figure 4. The effects of pasture mixture (DH — closed squares, DBH — open squares, QmH — closed triangles, 
QmQtH — open triangles, Complex mixture — stars) on the plant density of [A] tall fescue, [B] perennial ryegrass, [C] 
white clover, [D] red clover and [E] chicory in tall fescue-based pastures (averaged over cutting schedule effects) from 
spring 1999 to spring 2000.
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defoliation frequency has been used to increase 
production of perennial ryegrass (Chestnutt 
et al. 1977) and to modify competitive advan-
tage (Rhodes and Ngah 1983; Bell 1985). There 
is also ample evidence of depression in yields of 
clover (Rhodes and Ngah 1983), perennial rye-
grass (Chestnutt et al. 1977) and tall fescue (Bell 
1985) as cutting frequency increases. In Northern 
Ireland, introducing a single, 2-weekly defolia-
tion into a regular 3-weekly defoliation frequency 
reduced total yield in a pure ryegrass sward by 
around 5% (Binnie et al. 1997). 

Callow et al. (2003) provided no estimate of 
the likely penalty in yield by using a variable 
defoliation schedule and this current experiment 
has provided some evidence of the magnitude of 
the loss. While Callow’s data showed improve-
ment in quality by reducing defoliation frequen-
cies in spring, summer and autumn, the major 
improvement came in summer. The spot checks 

on quality we took in this study support his fi nd-
ings as variable cutting improved the yield of 
digestible dry matter and digestible crude protein 
of the total forage by 9% and 19%, respectively, 
in January and of the tall fescue component by 
19% and 28%, respectively, in late February. Sim-
ilarly, in a temperate environment, Binnie et al. 
(1997) suggested that longer defoliation intervals 
for ryegrass in summer would increase produc-
tion, but this would be at the expense of quality. 
As the digestibility of tall fescue deteriorates rap-
idly as forage matures (Gillet 1975), especially 
in summer in subtropical regions (Callow et al. 
2003), the yield loss we recorded with more fre-
quent cutting should be offset to some extent by 
the higher digestibility of the available material. 
Our recommendation of a combination of longer 
growth intervals in spring and shorter intervals in 
summer is similar to that of Binnie et al. (1997) 
from research in a temperate environment.

Table 4. Concentration and yield of protein, digestible protein and digestible dry matter of total herbage produced in the 4 weeks 
preceding the mid-summer harvest in the 2001–02 summer in response to defoliation schedule. Variable cutting frequency data are 
the mean of two 2-week growth periods.

Treatment1 Acid
detergent

fi bre

Neutral
detergent

fi bre

Crude
protein

Digestible
crude

protein

Digestible
dry

matter

Quality (g/kg)
Fixed 275 433 179 126 690
Variable 241 390 206 144 720
LSD (P=0.05) 11 31 8 6 11

Yield (kg/ha)
Fixed — — 272.6 190.7 1039
Variable — — 323.9 226.7 1133
LSD (P=0.05) — — 20.7 14.8 67.2

1  Fixed = cut 4-weekly; Variable = cut 2-weekly in summer, 3-weekly in autumn and spring and 4-weekly in winter. 

Table 5. Concentration and yield of protein, digestible protein and digestible dry matter of tall fescue herbage produced in the 
4 weeks preceding the late-summer harvest in the 2001–02 summer in response to defoliation schedule. Variable cutting frequency 
data are the mean of two 2-week growth periods.

Treatment1 Acid
detergent

fi bre

Neutral
detergent

fi bre

Crude
protein

Digestible
crude

protein

Digestible
dry

matter

Quality (g/kg)
Fixed 327 600 187 131 652
Variable 313 592 206 144 663
LSD (P=0.05) 7 NS 5 4 6

Yield (kg/ha)
Fixed — — 57.2 40.1 196.0
Variable — — 73.2 51.3 233.9
LSD (P=0.05) — — 10.5 7.4 34.2

1  Fixed = cut 2-weekly; Variable = cut 2-weekly in summer, 3-weekly in autumn and spring and 4-weekly in winter.
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Variable defoliation frequency generally 
resulted in higher plant density of all components 
except chicory and in better persistence of the 
tall fescue component. Ishida (1978) also demon-
strated an increase in density and a decrease in 
yield of both tall fescue and perennial ryegrass 
under more frequent defoliation. 

Bell (1985) and Sato et al. (1989) showed that 
the competitive advantage of perennial ryegrass 
over tall fescue was reduced under less frequent 
defoliation. Our data support this fi nding as tall 
fescue yield was higher and ryegrass yield was 
lower under the fi xed (and less frequent) cutting 
schedule. 

We also demonstrated that a variable cutting 
schedule can affect the seasonality of produc-
tion. Cutting schedule had the greatest effect on 
winter and spring yields, with the fi xed schedule 
generally producing higher yields. As the defolia-
tion frequency was the same for both treatments 
during winter, this appeared to be a carry-over 
effect from the previous summer and autumn 
periods. In Northern Ireland, Chestnutt et al. 
(1977) suggested that short cutting intervals 
reduced yield more early in the growing season 
(i.e., spring and early summer) than in autumn. 
In New Zealand, defoliation frequency had no 
effect on the yields of either tall fescue or peren-
nial ryegrass if the summer and autumn periods 
were wet (i.e., equivalent to irrigation in our envi-
ronment) but very frequent defoliations increased 
yields of both in dry summer and autumn periods 
(Kerrisk and Thomson 1990). We found that the 
effect of cutting schedule on seasonal yield was 
not consistent between years, possibly related to 
a change in the competitive ability of other com-
ponents (Rhodes and Ngah 1983; Sugiyama and 
Nakashima 1991). For example, the tall fescue 
response was regulated by the reduced competi-
tion provided by the perennial ryegrass compo-
nent as swards aged (Bell 1985). 

This experiment confi rmed the results of pre-
vious experiments (Lowe et al. 2009), which sug-
gested that tall fescue performance was reduced 
as the number of grasses combined in a mixture 
increased. Further, the performance of all plant 
components in the complex mixture was affected 
by the aggressive production of Persian clover 
during the fi rst winter and chicory during the fi rst 
spring and summer. This dramatically changed 
the botanical composition of this pasture without 
increasing the overall performance. It also reduced 
the performance of perennial ryegrass, tall fescue 

and white clover, which are the most valuable 
long-term components. Our experiments sug-
gest that care needs to be taken when formulating 
complex mixtures containing tall fescue so that all 
components are allowed to establish adequately, a 
factor also emphasised by McCallum et al. (1992) 
for the temperate New Zealand environment. 

Combinations of different cultivars of perennial 
ryegrass and tall fescue had little effect on overall 
yields and this agrees with data from temperate 
regions (Rhodes and Ngah 1983; Sugiyama 
and Nakashima 1991; McCallum et al. 1992; 
Sanderson et al. 2005). However, in other work, 
the contribution of each species, and especially 
the seasonality of that contribution, was affected 
by the cultivar sown (Keane 1982). This result 
agrees with our previous fi nding (Lowe et al. 
2009), and that from temperate areas (Pederson 
and Brink 1991; Sanderson et al. 2005), that it 
is more diffi cult to achieve a satisfactory contri-
bution from all sown components when sowing 
complex mixtures containing species and culti-
vars of different growth habit and competitive 
ability (Rhodes and Ngah 1983).

Conclusions

The results of both papers in this series suggest 
that combinations of tall fescue and ryegrass can 
be established successfully under subtropical con-
ditions where higher autumn temperatures allow 
tall fescue to establish more vigorously than under 
cooler environments. The success of a delayed 
sowing of the ryegrass component suggests that 
this may be an option if low autumn tempera-
tures are expected. The choice of components to 
sow with tall fescue is important to the success 
of these mixtures, with aggressive species such as 
chicory and Persian clover being particularly det-
rimental to other sown components. Managing to 
achieve the best quality from the tall fescue com-
ponent results in a small yield penalty, which 
should be offset by improved quality. Under sub-
tropical conditions, tall fescue can dominate these 
mixtures and severe renovation may be required 
to re-introduce pasture components.
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