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CHAPTER 13
THE FOUR TYPES OF PLANTS AND THEIR ROLE

ANIMALS BALANCE THEIR DIET

People who have been on the land for a long time will tell you that no two years are ever the same.
It is always a case of managing for different circumstances, even if the difference is only subtle.
Different circumstances highlight the importance of particular plants when things change.

As part of an on-property research project | conducted for the Drought Regional Initiative program,
the most productive soil type in an area was fenced off to allow a grazing trial to be conducted
using the two remaining soil types. To put this into context for what follows, all the paddocks on the
property had a mix of three general soil types, although the mix varied from paddock to paddock.

During the process of comparing the consumption of two particular plant types, when the best soil
type was missing, | observed that the sheep were eating a plant known as Chinese desert lanterns.
This was a complete surprise to me, as | had never seen it eaten before. Upon checking the nearby
paddocks, | could find none eaten anywhere else.

This was one of the most profound experiences | had in understanding how animals adapt to their
circumstances. When | denied them access to one soil type, | must have denied them access to
a plant or combination of plants that was critical to their diet. Their response was to substitute the
Chinese desert lantern to make it balanced.

We have to be as flexible in our understanding of the role of different plants as animals are in selecting
their diet. Sometimes it would appear that, based on some of the things they eat, they are just
chasing trace elements. | have seen them eat leaves out of a tree, yet cut a branch of that tree in a
dry time and they just don’t eat it. We have all seen dogs eat grass.

PLANTS ARE NOT ALL THE SAME

Plants, which are either annuals or

perennials, drive the animal production
system as well as keep the landscape
functional. The range of plants in our
\IV( grazing systems is diverse, with some
more productive than others. Animal
performance over time is determined
by having the correct mix of plants in

the pasture.

Fodder
Annuals trees
Perennial / t
grasses / / \ Figure 30: The four plant types animals
Perennial / rely on for energy and protein —annuals,

shrubs perennial grasses, perennial edible
shrubs and fodder trees.
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Four types of edible plants are available for conducting a grazing enterprise. They are annuals,
perennial grasses, perennial edible shrubs and fodder trees. They are very different in so many
ways, with each type having a specific role. After managing in good years and bad years, | quickly
came to realise that there was no such thing as the “best plant”. In good years | appreciated the
most productive plants and in the bad years | appreciated the hardy ones. Each type has different
management requirements and each type has a particular mechanism that ensures survival.

How well they are understood and how well they are managed, will make or break the grazing
business and the landscape. As the four plant types are discussed, it is important to remember that
there are the two seasons, summer and winter. There is also extreme variation in rainfall from year
to year. The summer growing grasses are generally ruined with the arrival of frost, and the winter
herbages blow away on the first hot day.

The final consideration is the variation in climate from the top of Australia to the bottom. Southern
Australia is more winter rainfall dominant and northern Australia is summer rainfall dominant. As
we move down the land mass of the Australian mainland, there is a continuous change in the
composition of the species mix. If there is going to be climate change, due to global warming, then
the location of specific species may be found further south, as that is where their ideal environment
will move to.

Like us, animals look for a balanced diet. They will select their diet to maximise nitrogen/protein intake
as well as sourcing energy and achieving a balance in nutrients. They often seek some roughage as
part of the digestion process.

Just as animals need a variety of plants in the landscape for production and survival, soils also function
better if there is a variety of plants to allow carbon flows to be maximised over time. Nutrient cycling
is more successful with a variety of plants. Some decompose quickly to release their nutrients, while
others have deeper roots and are able to source nutrients that have escaped deep into the soil and
return them to the surface.

This chapter, when combined with the one on how soil functions, forms the basis of understanding
the concept of “pasture cropping”. Pasture cropping, which is discussed in detail later, combines
animal production with cropping in a way that enhances the outcome for both enterprises.

ANNUAL GRASSES AND WINTER FORBS (HERBAGES)

Annuals are the most palatable and nutritious, and their digestibility is high. They are the opportunists
of the pasture system and can be either grasses or broadleaf plants. They grow rapidly from seed
when moisture and nutrients allow, and escape the adverse periods. They have to be quick and
perform in the short windows of opportunity, whenever these arrive. To survive, they must be allowed
to produce high, viable seed volumes that can survive for long periods into the future.

Most annuals produce high quality feed whilst vegetative, but the quality drops as they mature,
set seed and die. They produce much more if spelled initially, just as an oats crop does. Until they
develop secondary roots after germination, they are very vulnerable to animal grazing.

With the right conditions, the annuals can produce a bulk of feed in the more arid rangelands. This
allows the plants to set large amounts of seed for germination when the next good rains come. Their
level of production in any pasture is determined by the percentage coverage of perennial grasses, as
they can only grow between them.

Annuals supply more production than their bulk would indicate, as they have a high leaf/ stem ratio
compared with the perennial grasses, giving them higher digestibility.
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Annuals require more than one fall of rain to perform, also need more rain than perennial grasses before
they respond, and are good to have as companions to perennials. However, on their own they can not
fully utilise soil water. This is the salinity story. They do not out-compete weeds in the way perennials do,
or produce as much feed, especially when rain falls out of the annuals’ growing period.

With climate change, they might become less available due to increased variability in rainfall.

PERENNIAL GRASSES

These are less palatable to grazing animals than the annuals, but supply the bulk of feed over time, if
they are present. Perennial grasses are our most valuable resource, as they stabilise the landscape,
trap nutrients and moisture, and provide animals with a readily available long-term feed reservoir.

Perennial grasses survive throughout the year. In adverse periods they become dormant and later
regenerate from energy reserves stored in the roots and basal buds.

At opening rains, perennial grasses respond very rapidly, and their shoots are readily eaten by stock.
Perennial grasses are able to send up shoots quicker than the shoots from germinating seeds. If
stock can be removed after such rain for four to six weeks, to allow these shoots to grow, the choice
of feed is greater when the animals are returned. Also, by doing this, the pressure on the perennial
grasses will be less, because the annual plants will have had time to grow from seed, if there is
follow-up rain. This tactical removal of grazing will not only allow the established perennial grasses to
regenerate, but will enhance the survival of new perennial seedlings following germination.

It was demonstrated in the chapter on soil that the perennial grasses are responsible for introducing
the bulk of the carbon into the soil.

Where perennial grasses differ from annual grasses, is that they can respond to isolated single falls
of rain as low as 15mm. How well they produce depends on the health of their roots and the grazing
pressure applied, as discussed earlier. If their leaves are dry, then continuous small falls of rain can
leach the soluble nutrients out of their leaves.

There are two basic groups of perennial grasses, the C3 group and the C4 group. The two groups
absorb carbon dioxide differently through the process of photosynthesis. Nitrogen is needed in the
leaf structure for photosynthesis, and as the C3 grasses are less efficient at absorbing carbon dioxide,
they need more nitrogen in their leaf structure. As a generalisation, animals seek out the C3 grasses
in preference to the C4 grasses because of this higher nitrogen/protein content. The C3 plants usually
have a higher ratio of leaves to stems and are often more digestible, which again attracts animals.

At the end of this chapter is an outstanding article written by Mary Goodacre and Darryl Cluff explaining
the differences between C3 and C4 perennial grasses.

The two groups have different optimal growing temperatures, with the C4 group functioning better at
higher temperatures. It is for this reason that the C4 group dominate in Northern Australia and as we
move south, conditions become more favourable for the C3 group. The protein level drops drastically
for the C4 grasses with frosts, while the more palatable C3 grasses, are effected to a lesser extent.
In cooler conditions when the C4s are dormant, the C3s will often have some production (ie supply
“green pick”) for longer periods.

The C83 plants need higher moisture and have higher nutrient requirements. This is why increasing soil
carbon levels, which in turn leads to higher nitrogen levels and better moisture retention, enhances
their establishment and survival. All plants have a role, with the C4s producing under conditions
when the C3s can’t, and vice versa. The C4s are often the part of the pasture that supply packing
to go with supplements. C4 residues are more resistant to breakdown by soil organisms therefore
contributing more to humus than the more digestible C3s.
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In the areas suited to both groups, which is a large part of Australia, it is management which
determines the availability of the more palatable C3 grasses.

C4s have a higher demand for phosphorus than C3, so rely more on microbial action to provide it
for them. C4s supply less nitrogen to soil microbes which is the reason better pasture management
is needed.

PERENNIAL EDIBLE SHRUBS

Perennial edible shrubs include a variety of species, but our focus will be on the main type, the
saltbushes (chenopods). The northern area of Australia is not climatically suited to perennial
saltbushes. The uppermost limit of perennial saltbushes is considered to be the Tropic of Capricorn,
although | have been informed that Old Man Saltbush is growing at Aramac in northern Queensland.
Like perennial grasses, they can respond to isolated single falls of rain.

They are drought resistant, frost resistant and kangaroos do not eat them, so they are a long-term
source of “green pick”. It is their deep roots of up to four metres, and slower growth that makes them
drought resistant. They can obtain moisture at depth during dry times, like trees do. Their leaf structure
reduces transpiration, allowing them to remain functioning and less stressed when water is scarce.

This book is about natural systems and how they were originally designed by nature to function.
Perennial saltbushes have been missing from most pastures for so long that many of the present
generation, understandably, do not even give them a second thought. Not having experienced them
in the landscape, it is generally not understood why they were present in the past.

Saltbushes should not be seen as a fodder supply, but rather as an ongoing source of “green pick”
(protein) to maintain production. They leverage the value of existing roughage, and are superior to
mineral supplements, as they are organic. As ongoing green plants with deep roots going down as
far as four metres, they supply trace elements which are necessary for animals to achieve a balanced
diet. Perennial saltbushes are a source of vitamin E, and in deficient pastures this stops “nutritional
myopathy”, which is a muscle wasting disorder in animals. It was stated recently on ABC Landline,
that 54% of young sheep in southern Australia suffer vitamin E deficiency in the autumn.

Saltbushes are able to make use of past rainfall further into the future than other plants. The way
they make use of rain allows more certainty when budgets are prepared or decisions made. It will
be shown later how they reduce production of the greenhouse gas methane per kg of production
during dry times.

They are often criticised for being less palatable than the herbages and grasses. However this is
an attribute as it guarantees that they are still available for animal production and survival when all
other plants have failed. They are low in energy as a feed source, which is responsible for their value
being underestimated in many circles. There must be an additional energy source for them to be fully
utilised, and inferior grass will suffice. Using saltbush as a monoculture is not a balanced food supply
for animals and like any monoculture, is not in the best interests of the landscape.

Australia has the most unreliable and variable climate in the world and it appears to be getting worse.
Discussing plants without mentioning these deep rooted shrubs (and fodder trees), is to ignore
the reality of the Australian climate. This oversight could cause us to miss what we may have to
concentrate upon more in the future.

In Australia, good and bad years are both normal occurrences. If this is the case, we require plants
that can perform in the dry times, not just ones that function in the good years. Saltbushes are all
about ongoing production and keeping the landscape functional in marginal years. They are still very
much about maximising production, but at a lower plateau of production, as occurs in dry seasons.
They are all about financial and environmental risk management.
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For many, saltbush is just part of the nostalgia of the early settlers and the outback of Australia, as we
like to romanticise it. The reality is that saltbush is a management tool supplying ecosystem services.
An example of an ecosystem service supplied by Old Man Saltbush is its ability to change the soil
structure in degraded landscapes, and allow more water and air in. The result is the landscape
becomes a more friendly environment for grasses to enter. With the arrival of perennial grasses
between the Old Man Saltbush, there is further ongoing introduction of carbon into the landscape.

Old Man Saltbush can establish in degraded soils because it has the unique ability to handle the low
oxygen levels that occur in such environments. Other reasons are its hardiness and high water use
efficiency.

When assessing production systems, what concerns some people about a lot of pasture models, is
that the grass decay factor does not include:

¢ \What falls on the ground;
¢ \What termites eat;

¢ \What is frosted; and

e \What is rain leached.

All of the above apply to grass but not to perennial edible shrubs, whose production and feed quality
is sustainable in the longer term. With edible shrubs, what you see is what you get, while grass has
to be tested to ascertain protein levels.

Shrubs that have little feed value are referred to as woody weeds. Overgrazing of grasses can result
in a build up of woody weeds, which result in valuable nutrients being tied up in them. This is because
nutrients in their leaves are not recycled through animals. When this happens, the vegetation forms
a sink for nutrients as well as moisture, and the productivity from the plant resource base declines.
Although fire has a negative impact on carbon reserves, it can release nutrients that are locked up in
woody weeds back into the landscape, ready for use by the grasses.

FODDER TREES

Fodder trees are the trees in the landscape with an edible component (leaves) suitable for feeding
stock. Examples are mulga, leucaena and tree lucerne.

They have deeper roots and, as evergreens, fodder trees can obtain moisture at depth during dry
periods. Trees are able to utilise past rainfall further into the future and they are part of the reliable
component of the fodder supply. They are an ongoing source of “green pick” which is critical for
continuous animal production.

The tropical pasture legume, leucaena, has been gaining popularity among northern graziers over
the past decade or so because it is highly productive, increases weight gain in cattle and is proving
to be extremely drought tolerant.

Leucaena and mulga have the added advantage of directly introducing some nitrogen into the
surrounding soail. If they are not in a monoculture, they can enhance the ability of grasses to introduce
more carbon into the landscape.

Mulga is fine if structured as an open savannah landscape, as it was across many districts at the
time of settlement. There has been success with using fallen mulga trees to allow regeneration of
grasses, especially the most palatable ones. The canopy of mulga, when on the ground, produces
an impenetrable barrier to livestock and kangaroos. This protected environment then acts as a
seed source for further regeneration elsewhere. The mass of limbs that cover the ground collects
nutrients, topsoil and litter blown during wind erosion.
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This is the same principle as the issues raised in Chapter 8: The structural role of carbon. When
litter accumulates, it provides the necessary environment for the germination of perennial grasses.
In some areas, thick stands of mulga are now leading to land degradation. This is caused by the
reduction of topsoil in the areas where the dense mulga is restricting grass regeneration. Fragile
landscapes desperately need some perennial grasses to restore the topsoil. It is ironic that while
mulga is seen as a drought reserve, where it is thick it is actually promoting drought, as the grasses
only become available in above-average years.

DISCUSSION

Having a balanced pasture means animals can continue to select a balanced diet under all conditions,
including dry spells. Some people do not take full advantage of good seasons as their pastures lack
the most productive plants. It is these same people who are usually the first out of production when it
gets dry as they are missing the hardy plants. They suffer at both extremes because they lack certain
plant species.

It is commonly thought that a drought exists when there is below-average rain for a certain length of
time. While such a perspective has some definition advantages, | believe it is a simplistic approach. A
more practical definition of when a drought exists, | would argue, is when the pasture can not supply
the protein and energy the animals require. Put another way, we are drought stricken when animals
have consumed the last of the drought resistant and frost resistant plants.

This definition places far greater responsibility on the grazier as the manager of his or her pasture,
and less on the vagaries of the weather, although the latter must necessarily be taken into account.

In a country where we have the most unreliable rainfall in the world, the emphasis must be shifted
to increasing the percentage of perennial plants in the pasture, be they grasses or shrubs. It is the
perennials that can respond to isolated single falls of rain, while annuals can’t.

It is the perennial grasses that are best at introducing carbon into the landscape. It is the perennials
that we are thinking of with the statement “carbon makes carbon”. Just as having money and
managing it properly leads to more money, so having perennial grasses and managing them correctly
leads to more perennial grasses, (and hence, further additions of carbon).

The annuals still have an important role in a balanced pasture. In good years they supply a higher
nutritional diet for animals and create higher margins of profit per animal. The bulk of the nutrients
in the soil are near the surface, and with the right conditions, annuals are very successful at making
these nutrients available to animals. The unconsumed portions of annuals are digested easily by soail
organisms, so annuals do not withhold nutrients from the system as long as many other plants do.

We should not lose sight of the fact that the first two plant types discussed in this chapter only
perform in either summer or winter, while it is the third group, the saltbushes, that are available in
both seasons. It is the shrubs and fodder trees which transfer the use of rain further into the future,
and are critical when the change of season is not accompanied by rain.

The shrubs and fodder trees have a niche role in animal production, not the major role, which is
reserved for the grasses, especially the perennial grasses. This is highlighted in the Figure 29 on
page 68 which shows how the diet of cattle at Alice Springs changed as the conditions changed.
Shrub selection increases or decreases as the supply of green grass changes. If cattle can’t source
“green pick” from green grasses, they have to source it from shrubs.
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This graph reinforces the importance of having a balanced pasture. It also reinforces the importance
of having some dry grass as packing (bulk) to go with the fodder trees and shrubs. The graph is a
powerful representation of how animals select their diet as conditions change. The graph highlights
that animals are always looking for protein/nitrogen, and palatability becomes less of an
issue as protein becomes short.

This book is not about the non-edible trees in the landscape. However, it must be stated that having
the correct balance of trees is critical, for landscape function, biodiversity and profitable animal
production. Studies have proven this beyond doubt. If all trees are removed then profits are lower
than if some are left. The necessary coverage of trees varies, with the self-mulching soils having
the least reliance on trees for recycling nutrients. These soils wet up and expand, then they dry
and crack, and in so doing, allow organic matter in. They move both the nutrients and carbon
compounds around.

Proof of this was supplied when it was discovered that radio active isotopes, from atomic tests in
South Australia after the Second World War, were found at much greater depth in the self-mulching
soils than the non-mulching soils.

THE THREE TIERS OF CARBON COLLECTION

Before European settlement, much of Australia’s grazing land resembled a savannah landscape in
the north of the country and open woodland (dry sclerophyll) in the south. Both were characterised
by a sparse coverage of trees, lots of perennial grasses and some shrubs. Energy from the sun was
collected at different levels. There are now plenty of examples where Australia has evolved into a
country of extremes with areas of either no trees and an excess of shallow-rooted annual grasses,
or densely wooded country with an absence of pasture.

The complex vegetation layers of grasses, shrubs and trees has now been simplified in many areas
to predominantly one layer, be it just grasses or thick trees. Ecosystem function has been simplified.
Vegetation layers should not be confused with biodiversity, which is a separate issue.

A correct balance of plants leads to ongoing photosynthesis (carbon storage) under all seasonal and
climatic conditions, with the possible exception of extreme drought. Maximising landscape carbon
and soil carbon is all about trapping sunlight at multiple levels. Recycling of nutrients is all about
having different depths of roots to bring the nutrients to the surface. Nutrients and carbon go hand in
hand. Planting fodder trees, Old Man Saltbush, or any tree, into areas of straight grass, is returning
the vegetation layers, just as thinning dense regrowth and allowing grass to grow is returning a
vegetation layer.

With the right tree species, and the emphasis is on the right tree species, a savannah landscape not
only stores carbon in the tree canopy (ready for addition to the soil below through each fall of leaves),
but also in the soil below the tree canopy, due to grasses. This occurs because sunlight gets in and
photosynthesis carries on through shading at the hottest time of the day. This shading reduces water
loss and makes more soil moisture available for grass growth. When it turns hot, the greenest grass
is often seen under certain trees. This is also the case after frosts.

The increased nitrogen under trees, as well as other nutrients recycled by trees, promotes grass,
which is usually higher in nitrogen than the grass between the trees. A university student came to my
property to investigate my observations on this issue. She tested the grass growing under trees in an
area of inferior soil and compared them with the grasses growing between the trees, and verified this
observation. | had observed that there were better species growing under the trees to those growing
between them. What she picked up, which had escaped my attention, was that there was a species
change moving from the drip line of the trees back towards the trunk. Often these patterns do not
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show up in the landscape, especially infertile ones, because animals seek out these more productive
grasses. There are exceptions to all rules. | am aware that for some reason, grasses under certain
trees are not the preference of animals.

The Australian Bureau of Agricultural and Resource Economics (ABARE) in a report released March
2006 raised the topic of the impact of vegetation thickening on farm productivity. A survey of
386 broadacre farmers covering 400,000 square kilometres in NSW, estimated that the cost was
$1.1 billion. The report called for more flexible policy and stated that there was a critical information
gap in designing specified low-cost environmental objectives. Vegetation thickening is moving away
from the traditional savannah landscape, as is excessive clearing.

In the case of the arid inland, and some of the higher rainfall areas where the soil is not very fertile,
there has been an invasion of woody weeds to the detriment of grasses. This is universally blamed
on the removal of fire, and while this is true to some extent, the invasion is also the result of incorrect
grass management. This results in there being no competition from the grasses when the woody
weeds first germinate. The reduction in the population of C3 perennial grasses in some areas has
played a major role. They compete more with woody weeds when they first germinate than the C4
grasses do. Rabbits can never be left out of this discussion.

Understanding the complexities and interactions of all the different carbon paths is a good starting
point for a coordinated approach to reversing any damage that has occurred. Following the first
round of National Heritage Trust funding, it was shown that the funding process was achieving
limited outcomes in the landscape. The response was to change to a “catchment” approach to
overcome small disjointed actions. If the original approach had included the over-riding criteria of
achieving positive soil carbon outcomes, | believe there would have been positive outcomes in the
landscape.

THE DIFFERENCE BETWEEN C3 AND C4 PERENNIAL GRASSES

There are two systems of photosynthesis used by plants; the C3 and C4 pathways. The main
difference between these two systems is the compounds used in turning carbon dioxide into starch
and sugar. The C4 pathway is slightly more efficient in energy conversion and generally a lot more
efficient in water use. C4 plants include the main grasses of the tropical savannahs including black
spear grass, kangaroo grass and golden beard grass as well as crops like sugar cane, sorghum and
corn. C3’s crops include winter cereals, legumes, temperate pasture plants and all trees. C4 pasture
plants are more efficient than the C3s growing beside them and are thought not to gain as much
from increased carbon dioxide levels in the atmosphere.

The following article appeared in the Australian Farm Journal, in December 2000, and its publisher
has generously allowed its reproduction here.

“Species fundamentals the key to long-term pastures” by Mary Goodacre and
Darryl Cluff

An interesting feature of Australia’s grasslands is the way the two major perennial grass
classifications — C3 and C4 — have evolved to take best possible advantage of the
continent’s difficult “freezer to frypan” climate.

The C3 and C4 plants are groups of species that use different photosynthetic pathways
to grow. Photosynthesis is the process that plants use to convert carbon dioxide and
water, in the presence of sunlight, to carbohydrates. These are the building blocks for
plant growth.
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There are two different photosynthetic pathways plants can use. Plants using the C3
pathway rely on the enzyme, rubisco, to fix carbon atoms from carbon dioxide in the air.
The first stable product in this process is based on three carbon atoms, hence the C3
pathway label.

C4 plants use the enzyme, PEP carboxylase, to fix carbon from atmospheric carbon
dioxide during photosynthesis. The first stable product of this process is a four carbon
molecule, hence the C4 pathway name.

Generally, C3 plants are more “temperate” plants, growing best in cool, moist
conditions. They take up CO, through open leaf pores or “stomates” and convert this to
carbohydrates (leaves, stems, roots and seeds). In cool, moist conditions, this process is
three times more efficient in C3s than in C4s. Unfortunately, for C3s, as the temperature
increases, rubisco combines with oxygen instead of CO,,. This wasteful process is called
photorespiration. It produces photoglycolate, a useless product to the plant, and breaks
down carbon compounds to release CO,. In warmer, drier conditions, C3 plants will
photorespire more than they photosynthesise. In effect, they begin to die. In contrast to
this, C4 plants hardly photorespire at all, even as temperature rises.

C4 plants grow best in warmer, drier conditions. The C4 photosynthetic pathway needs
more sunlight energy than the C3 pathway to convert CO, to carbohydrates. In hot, dry
climates, very low levels of photorespiration balance this higher energy requirement.
Most of the CO, absorbed by C4 plants is permanently converted to plant material in
warmer conditions. But in cooler conditions, C3 plants are more efficient converters of
water and CO, to plant matter than C4 plants. In fact, below 15°C, many C4 species
begin to hay off as the energy necessary for the C4 photosynthetic process becomes
increasingly limited. C4 plants grow best when energy from sunlight is plentiful.

But how do the technical differences between C3 and C4 plants affect the way these
species interact in mixed pastures in central NSW?

Season effects: In pastures, the most obvious feature of C3 and C4 mixtures can be
seen in the production patterns of the pasture throughout the year. C4 grasses provide
varying quantities of green feed for grazing animals from spring through summer to early
autumn.

By comparison, C3 species are most productive from autumn through to the end of
spring and early summer. This is when temperatures are low, evaporation is low and
moisture is reliable. These conditions favour the C3 photosynthetic pathway over the
C4 pathway. Photorespiration is minimal, and less energy (from sunlight) is needed to
convert CO, to carbohydrates in C3 plants, compared with C4 plants.

C3 and C4 plant combinations in pastures can help overcome the “summer feed
droughts” commonly experienced by graziers who rely on winter active annual pastures.
Complementary growth patterns enable C3/C4 pastures to produce green feed in varying
quantities throughout the year. Animal production from such swards can be more reliable
than from annual-dominant pastures, given the year-round supply of green feed.

Quality versus quantity: The leaves of C3 plants are generally higher in protein than
those of C4 plants under the same conditions. C3 plants have a higher concentration
of rubisco (a protein) in their leaves than do C4 plants. While C3 plants may produce
higher quality feed, C4 plants nearly always produce more feed than C3 plants over a
12 month period.
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THE FOUR TYPES OF PLANTS AND THEIR ROLE

CHAPTER 13

Take home message: 200 years ago, natural Australian grasslands were well adapted
to the Australian climate. C3 and C4 species grew in complementary mixes and made
use of much of the available moisture whenever it fell. They were “smart pastures”.

Healthy perennial-based pastures maintain ground cover and make the best use of rain
whenever it falls. C3 and C4 pastures successfully cope with climate variability. The
principles of their success could be a key to developing long-term agricultural systems
that meet our environmental, economic and social requirements.

Characteristics: All plants, with few exceptions, follow either a C3 or C4 photosynthetic
pathway. The C3 or C4 pathway that a plant uses will determine the conditions under
which the plant will grow. That is, provided the maximum or minimum requirements are
not exceeded, the plant will grow regardless of the season. It is common, therefore, to
find typical C3 plants such as Microlaena growing in mid summer if moisture is available
and the temperature has not exceeded 35°C.

There is a large overlap between individual C3 and C4 species in both their nutrient
requirement and productivity. The chart below is a guide to their likely requirements and
performance under differing conditions.

Photosynthetic pathway C3 C4

Moisture requirements Higher Lower

Sunlight requirements Lower Higher
Temperature range 0°C—35°C Optimum 25°C | 15° C—45°C Optimum 35°C
Nutrient requirements Higher Lower
Production quantity Lower Higher
Production quality Higher Lower

Figure 31: The differences between the two photosynthetic pathways.
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