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The place of C4 grasses in temperate pastures in Australia
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Abstract This paper explores the potential role
of summer-active C4 grasses in temperate areas in
Australia from an ecological perspective. The main
functional differences between C3 and C4 plants
are briefly outlined. Taken together, the character-
istics and environmental requirements of introduced
C3 perennial pasture cultivars lessen their natural
competitive ability except in well-watered and cool
habitats. C4 plants are more competitive under
conditions of high temperature and solar radiation.
Within the C4 group, grasses belonging to the sub-
family Panicoideae usually prefer humid, wet
environments and generally decline in importance
with increasing grazing pressure and increased soil
nitrogen (N) levels. Genera of Eragrostoideae
generally prefer hot, dry habitats; they increase in
dominance with increased grazing pressure and N
availability. These responses give the C4 group as
a whole a wider adaptive range and at the
community level provide versatility in responses
to changed conditions such as grazing. Based on
their preferred zones of natural distribution, it
appears that introduced C3 pasture species are sown
widely outside the area where they would be
favoured to persist. The ecological impacts of
grazing by domestic livestock and pasture
improvement are briefly outlined with particular
emphasis on changes in botanical composition.
There are similarities between changes in Australian
grasslands and those reported in South Africa. It is
concluded that species which naturally increase in
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abundance in grazed pastures (such as some genera
of Eragrostoideae) would offer considerable
advantages for the development of naturally
sustainable pastures. Such pasture species would
offer a number of side-benefits including reduced
rates of pH decline and deep drainage of excess
water to water tables. These two problems represent
major threats to agricultural sustainability in the
temperate zone and both result from the inability
of C3 grass-based pastures to grow actively in
summer.
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INTRODUCTION

The C3 perennial grasses sown for pastures in
temperate Australia (Phalaris aquatica L., Dactylis
glomerata L., Lolium L. spp., and Festuca
arundinacea Schreb. (Oram 1990)) have a relatively
narrow adaptive and physiological range which
limits their usefulness to the more mesic habitats
of the Tablelands, near slopes and coastal lowlands
(Kemp & Dowling 1991; Ward & Quigley 1992).
The growth of these species is depressed by low
temperatures in mid winter when moisture is usually
plentiful, and by the combination of unreliable
rainfall, high irradiance, and high evaporation in
summer (Colman et al. 1974; Smith & Stephens
1976; Edwards 1979). In southern New South
Wales, the period of the year when C3 plants grow
at near-optimum rates rarely exceeds 12 weeks
except in areas which regularly receive more than
700 mm of rainfall annually (Edwards & Johnston
1978).

There is increasing evidence that the adaptive
range of current perennial pasture grasses limits
attainment of revegetation and pasture production
objectives over large proportions of the landscape.
Problems of low persistence, increasing soil
acidification, and dryland salinity are widespread
(Johnston 1992). Available cultivars are poorly
adapted to shallow, stony, acid, infertile soils, more
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arid and steeper classes of land, and to sloping
lands generally near the limit of their climatic
suitability.

Because alternative, better-adapted species are
not yet commercially available, introduced C3
species are widely sown in situations where they
are bound to persist poorly. Poor persistence or
"pasture decline" is usually ascribed to grazing
management and other factors such as soil fertility
and soil pH (e.g., PDP 1992); however, lack of
adaptability may also be a potent factor in their
demise.

This paper examines the potential role of
summer-active C4 grasses in temperate areas in
Australia from an ecological perspective. It is not
argued that C4 grasses should replace the
mainstream C3 species (including Medicago sativa
L.) in areas and situations where they are naturally
productive and persistent, but that taken over the
landscape as a whole, introduced and native C4
grasses offer a complementary role to that of the
grasses currently sown in pastures particularly on
steeper and less productive landscapes.

Functional aspects of C3 and C4 photosynthesis
According to Smith & Brown (1973), C4

photosynthesis occurs in about 50% of the species
of grasses on the earth. Adaptive and evolutionary
aspects of the pathway have been outlined by
Osmond (1987) and Downton (1971). The C4

pathway is essentially a CO2-concentrating
mechanism, which by operating at low stomatal
conductances, allows carbon (C) fixation at much
lower water cost than with C3 plants. The main
advantage at low and middle latitudes is that under
the climatic conditions typical of summer (high
temperature, light intensity, and evaporative
demand), the pathway provides a water use
efficiency advantage unmatched by C3 plants
(Black 1971; Osmond et al. 1982). This gives C4

plants a competitive advantage (Black et al. 1969).
For C3 species, photorespiration increases under

conditions of high light intensity and temperature
(greater than about 25°C) (Black 1971; Osmond et
al. 1982). This phenomenon which is not known to
occur in C4 plants, may significantly reduce net C
fixation (Black et al. 1969). Other differences
include that the temperature optima for photo-
synthesis by C4 plants is generally higher than for
C3 species (30-40 versus 10-25°C); light saturation
curves show that C4 plants need more sunlight
exposure than C3 plants; and, unlike C4 plants, C3
plants require open stomates and rapid gas exchange

with the atmosphere for efficient photosynthesis at
low light intensities and temperatures (Black et al.
1969; Osmond et al. 1982). High transpiration in
C3 plants regulates leaf temperature by increasing
latent heat loss in proportion to heat load; C4 plants
depend to a much greater extent on sensible heat
transfer for dissipating excess radiant energy
(Downes 1969).

There is no evidence that C4 plants are
intrinsically less sensitive to water stress (Osmond
1987); however, there is ample phytogeographic
evidence that C4 plants prefer (and perhaps C3
plants avoid) light, saturated, xeric habitats but
this has not been linked to their biochemical and
physiological differences except by inference.
Although there is a tendency to view the various
characteristics of C3 and C4 plants in isolation, and
to focus on just one attribute such as water use
efficiency, C3 and C4 photosynthetic pathways
represent "complete packages" of characteristics
which together confer ecological benefits enabling
different species to either occupy or co-exist in
varying proportions over the whole range of habitats
presented by the landscape.

Botanical surveys in Australia (e.g., Costin
1954; Benson 1994) reveal that C3 and C4 plants
co-exist except in extremely dry or cold habitats.
In this respect the pathways should be viewed as
complementary mechanisms which permit bio-
regulation of nutrient cycling and water expenditure
over time and which allow co-habitation while
minimising direct competition (Specht 1972).

Where C3 and C4 grasses grow best
A world view
In summarising his early research detailing the
centres of origin and natural distribution of grasses,
Hartley (1966) noted that grasses are one of the
largest families of flowering plants; they occur on
all continents, in most habitats, and are present in
almost all types of vegetation. He also noted that
although grasses demonstrate an outstanding level
of adaptiveness to diverse habitats and they have
been cultivated for a long period of time, only
about 40 of the total of perhaps 10 000 grass species
which occur in nature are used as cultivated pasture
plants. Most of these species originated from the
temperate/Mediterranean zone, some from East
Africa, and several from subtropical South America.
This extremely low level of species domestication
was also noted by Russell & Webb (1976) following
a survey of participants at the XI International
Grassland Congress. Given the vast genetic resource


