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Early productivity of binary mixtures and single grass species
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Abstract

An expeiment was conducted on a fetile Walcani
silt loam in 1991792 to examine the productivity
of 4 perennial pasture grass species, Grasslands
Roatall fescue (Festuca arundinacea), Grasslands
Marsden hybrid tyegrass (Lolium perenne x Lolium
hybridum), Grasslands Maru phaaris (Phalaris
aquatica), Grasslands Wana cocksfoot (Dactylis
glomerata), and 2 binary mixtures, tall fescue plus
cocksfoot and phalaris plus cocksfoot. Between
July 1991 and September 1992 the highest
production came from phalaris plus cocksfoot at
19.05t DM/ha. Hybrid ryegrass, phalaris, tall
fescue plus cocksfoot, cocksfoot, and tall fescue
produced 17.44, 17.13, 16.96, 14.17, and 13.13
t DM/ha respectively. The botanical composition
of both mixtures averaged equal proportions of
the sown species. The proportion of cocksfoot
increased over the summer period then declined
for the following .autumn/winter period. The
experiment shows that simple pasture grass
mixtures may be highly productive. These findings

some pasture grasses in simple mixtures.

Keywords:  hinay mixture, botanicd  composition,
Ductylis glomerutu, dry mater production, Festucu
arundinuceu, Lolium perenne x Lolium hybridum,
pasture mixtures, Phaluris aquatica, seasonal
production

Introduction

Ryegrass (Lolium perenne)/white clover (Trifolium
repens) is the most commonly sown pasture mixture
throughout New Zedand. However, where summer dry
conditions prevail and fertility may be limiting,
production from these pastures declines with time
(Macfalane 1990). High endophyte ryegrass may dso
caue ryegrass daggers, and low endophyte ryegrass
may be damaged by Argentine sem weevil (Listronotus
bonariensis) (Fletcher et d. 1990). Ryegrass and white
dover ae also very susceptible to grass grub (Costelytra
zealandica) damage (Chapman  1990).

Many dryland farmers have become aware of
alternative pasture grass species which avoid the
problems  of ryegrass, and are productive in  dryland
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environments.  Three perennid  grasses  which may  be
sown instead of ryegrass are tall fescue (Festuca
arundinacea), phalaris (Phalaris aquatica), and
cocksfoot  (Dactylis glomerata). These pedies have been
evduaed when sown done tdl fescue (Brock 1983),
phaais (Stevens et al 1989). cocksfoot (Barker et al
1985). Some work has been done on the performance of
padure mixtures usng thee gpecies (Moloney et al.
1993, Milne et al. 1993). They have shown there may
be advanteges in sowing gresses other than ryegrass in
mixtures. Pasture mixtures may provide additional
productivity over pure swards and other possble benefits
as outlined by Charlton (1991). Trenbath (1974)
Quesions whether there ae many caes where mixtures
gve a Sbdantid advantage relaive to the highest
producing pure component  (over-yielding). The ability
to ‘overyidd is the red test of mixture productivity.

The aim of this experiment was to study the
productivity and botanicd compostion of two binay
grass mixtures compared to ether pure swards of the
species in the mixtures or ryegrass.

The productivity of 6 pedure grass trements were
measured for 14 months following a S-month
edtablishment period. The treatments were  Grasdands
Roa tal fexue, Grasdands Marsden hybrid ryegrass
(Lolium perenne x Lolium hybridum) with 90% ryegrass
endophyte, Grasdands Mar phaaris, Grasdands Wana
cocksfoot, and 2 binary mixtures, tall fescue plus
cocksfoot and phdaris plus cocksfoot. The experiment
was a randomised block design with 4 replicates, the
treatments were hand broadcas on 6 x 166 m plots on
6-7 March 1991. The pure treatments were sown at
raes of 600 visble seed/m?, binay mixtures were sown
at rates of 300 viableseeds/m? for each component.
Seadling establishment  (seedlings/m?) a the end of 2
months of edteblishment were 390 (tdl fescue), 430
(ryegrass), 300 (phalaris), 256 (cocksfoot), 380 (tall
fexue [235) plus cocksfoot [145]), and 215 (phdaris
[ 155] plus cocksfoot [60]). The site was a fertile
Wakanui st loam soil which had been used for various
research purposes. Clovers were not sown in this
experiment to  avoid the confounding effect of grasy
legume interactions. MCPA was used to eliminate
dicotyledon  species during the edtablishment  period.
Poa gnnua Was a dgnificant contaminant for 7 months
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dter edablishment. Fertiliser was applied on 14 October
1991 (50 kg nitrogen(N)/ha as calcium ammonium
nitrate, and on the 17 January 1992 (63 kg N/ha, 40 kg
Pha, 112 kg K/ha, 43 kg Sha as nitrophoska blue and
ammonium sulphate. Irrigation (22 mm) was applied
on 1214 Mach 1991 to mantan adequate moisture
during esteblishment, and 165 mm was applied on 24-
31 January 1992 to bring the il to fidd capacity for a
waer use substudy which was conducted concurrently
(Pary 19%; Pary etal. 1992).

After an establishment period of 5 months an
establishment harvest was taken on the 9 July 1991,
usng a red mower. This was followed by 7 production
harvests from 11 September 1991 to 2 September 1992
d0 usng red mowers There were uneven periods
between harveds because of condrants imposed by the
water use substudy and lack of pasture growth during
winter. Botanical composition was determined by
herbage disection on 5 occesons from samples hand

cut from the swards to a height of 40 mm. Climate
measurements came from the Lincoln meterological
gtetion.

All results were andysed usng andyss of vaiance
and where differences were significant Isd (P=0.05)
vdues were caculated.

Results

Climate

Mean ar and 10 cm ol temperatures were lower than
average (Table 1). Rainfall was lower than average
except for winter 1992 Irrigation approximately doubled
average  summer  precipitation.

Total production and botanical composition

There was a5.92 t DM/ha range in total dry matter

production over the 14-month production period, the

highes production was 1905 t DM/ha from phdais
plus cocksfoot. Hybrid ryegrass,
phalaris, tall fescue plus cocksfoot,

Table1 Westher data for Lincoln from March, 1991 until Augugt 1992. Long ~ cocksfoot, and tall fescue produced

tem means (10, 10, and 50 years respectively) in parentheses. 17.44,17.13, 16'-96’14-171 and'13-13t

DM/ha respectively. Phalaris plus

Autumn’  Winter2  Spring Summer! Autumn’  Winter® cocksfoot, hybrid ryegrass, phalaris,

ot 9" i e 92 ad tal fesue plus cocksoot were not

Air Temp 1256 63 10.6 15.1 105 6.1 dqnificantly  different  from exch other

°C) (118 (82)  (116) (160 (11.8)  (6.2) in total production, but all four

?o%c)m Soil Temp 19(-)79 5‘; 19(-)66 igé 16629 (3'2) treatments were significantly greater
Rainfall (15Io) (150) (10‘2) (14I3) (16.4) 2(;7 ten_cockdfoot and 1l fesue

ainral
(mmiseason)  (184) (191} (148)  (171)  (184)  (191) Tdl fescue plus cocksfoot - produced

1= March, April, May 2= June, July, August 3= September, October, November

4= December, January, February.

sgnificantly grester amounts of herbage
then dther tdl fescue or cocksfoot sown
done (Figure Ia).

Figure 1

(a) and (b) Replacement series diagrams showing the totd yield and
average botanical composition of ‘2 pasture grass binary mixtures and
their respective pure swards. [a, tall fescue plus cocksfoot b, phalaris
plus cocksfoot (weed data not chown). Messred over 42 days (Id 5%

The average hotanicd composition
of tall fescue plus cocksfoot and
phdaris plus cocksfoot (excluding 2.3
and 0% weeds respectively) were S0/
50 and 48/52% (Figurela& b).

= 2.45 t DM/ha). Total production (@), tall fescue (), phdlaris (#),

and cocksfoot ().

Seasonal production
The relative production of the six
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pesture  trestments varied throughout  the
14-month period (Figure 2). Hybrid
ryegrass had the grestest production in
early and late spring. Tall fescue
produced the greatest amount of dry
mater in mid spring. Tal fescue plus
cocksfoot was the highes producing
tretment in an ealy summer harvest
(not significant), while phaaris had the
highest production in mid summer. The
two binary, mixes had the highest
production rates in late summer/autumn

Cockstoot yield {t DM/ha)

100
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although the differences between
treatments were not significant.

Figure 2 The daly poduction of 4 sngle sown peswe grasses and 2 binay  mixtures
from 7 harvests (weed deta not shown). Error bars are'LSDs a 5%.

Phdais was the highest producer
for the winter 1992 period.
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The production rate of the six Date
treatments varied considerably
during the experimental period, _ _ B _
reflecting the influence of the sesons the diffeing  Figure 3 (d) and (b) The botanica composition of 2 binary

edeblishment speeds of the species, and the influence
of the uneven harves periods on the trestments.

Both mixtures produced more dry mater than ther
respective pure swards. Tall fescue plus cocksfoot
showed overyielding as it had significantly greater
production then either tadl fescue and cocksfoot grown
done-Although-significant-yield-Increases W T pasue |
mixtures over pure swads have rady been reported,
Whittington & O’ Brien (1968) demonstrated over-
yielding with mixtures of ryegrass and mesdow fescue
The two mixtures in this experiment had therr highest
production during the 82-day period from Januay to
April of the dx trestments dthough this superiority was
not gatidicaly sgnificant it suggested that the mixtures
were able to exploit the environment mogt effectively
during this period.

The replacement series diagrams (Figure 1 a and b)

mixtures from July 1991 until September 1992. 3a,
tal feue plus cocksfoot, 3b, phalaris plus cocksfoot
a 5 harvest dates @23 weeds cocksfoot;
M tal fescue ma phaaris). Error bars are standard
error of the mean.

Botanical composition (%)

show that the two mixtures had maximum production

0
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0
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when the sown grass percentage was on or near 50/
50%, tdl fesxcue plus cocksfoot showing a daidticaly
sgnificat  yidd advantage over its pure components
and phdais plus cocksfoot nearly achieving this dso.
Observations during the second year indicated that
cocksfoot continued to increese i percentege  botanical
compostion compared with the year of meesurement
and this led to much grester cocksfoot cover in the
mixed swvards a the end of the second year. Difficulty
in mantaining some mixtures over time may therefore
limt ther advantage.

An incres2 in  percentage  cocksfoot in mixtures

during the summer-early autumn period and its
subsequent decline over the autumn-winter period
indicated  complementary  seasondl growth  between  the
two grass components in both mixtures. Trenbath (1974),
in a mgor review of ressarch on the hiomass productivity
of mixtures, highlighted 8 posshle mechanisms for
yidd responsss. Differing growth patens was 1 of the
proposed mechanisms, and may be a reason for the
yiedd responses shown in this experiment. The other
mechanisms  discussed  were  differing  rooting  depths,
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nutritional  complementation  (unlikely in  mixtures other
than legume/non-legume), enhanced light-use
eficiency.  enhanced  wae-use  efficdiency,  dldopahy,
lodging escape, and pathogen escape. All of these
other mechanisms may also be valid (apart from
nutritiond  complementation) in  explaining the yield
reponse of these mixtures Water-ue dficiency varied
between the six treatments in a water use substudy
carried out during the summer/early autumn period
(Pary  1994).

The tregtment production totls showed that some
padure gress mixtures and dtemnative pasiure  grasses
alone can produce equal or greater amounts of dry
matter than hybrid ryegrass. which has similar
peformance to perennid ryegrass (Penndlet d. 1990).
Thee findings ae consgent with those of Moloney
(1991), who reported that a tal fescue plus cocksfoot
pasture outyielded ryegrass by 3.5 t DM/halyr in
Atiamuri and 1.4 t DM/halyr a Cadtlepoint. The findings
of this experiment support the practice of sowing some
pesture grases in  hinay mixtures. Further work s
necessay to examine the effects of adding a legume
into these mixtures, and to monitor their botanical
compostion over severd  yeas.

Conclusions

1. Some binary mixtures and pure swards had equd or
gredter  production than  hybrid  ryegrass.

2. Durng the fird year when component Species were
present in  approximately equal  amounts, phdaris
plus cocksfoot and tall fescue plus cocksfoot
mixtures had complementary seasond  growth  which
gopeared to contribute to the mixtures yielding more
than the pure swards.

3. Sowing alternative pasture grasses in simple
mixtures can be suggested a a posshle way to
increese pasture  production.
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