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Another summer has come and gone 
and for some of you it meant another 

dose of ‘out-of-season’ rainfall. For some 
people, this was a chance to build up soil 
moisture ahead of their cropping program, 
but with an increased cost of spraying summer weeds. While for others, 
it produced some much needed green feed from perennial pastures. 
Wherever you sit in this picture, I hope the rains have been of some 
benefit to you. 

This edition of our Newsletter is our 50th edition. This is a terrific achievement 
for a group that started out with a small number of farmers sitting around a 
kitchen table in Bibby Springs near Badgingarra. From the beginning we have 
always promoted the use of improved pastures to boost livestock profitability. 
With high beef and sheep prices, the next few years should see a good return 
from the investment we’ve all collectively made in improved pastures. 

Those of you that have been following the MLA story will have seen the changes 
that the new Managing Director, Richard Norton, has been introducing. The 
latest part of this metamorphosis has the potential to affect the research and 
development (R&D) landscape in WA. At the recent Gingin Beef Innovation Day, 
Richard outlined plans to establish a WA Meat Research Council (WAMRC). 

Evergreen Farming played an important role in this decision by organising 
a meeting last year between Richard Norton and a number of local grower 
groups. This helped Richard realise that WA was a different case to the Eastern 
States and needed a separate and local structure to prioritise R&D in this state. 

The next stage of introducing a WAMRC has involved MLA contracting our own 
Erin Gorter from Agvivo to communicate the new strategy with key players in 
the WA meat industry. I gather the feedback so far has been very positive. If you 
have any feedback, please let Erin know ASAP as the aim is to get the WAMRC 
up and going by the middle of the year. For those of us with an interest in local 
R&D, this represents a once in a lifetime opportunity to have a say into how this 
new system will operate.

 Cheers Bob

Are you a member?

Become a member and you’ll receive:
  Regular newsletters

  Reduced entry to Field Days and seminars

  Access to research results

  The opportunity to host on-farm trials  
and demonstrations.

For more information contact  
the team at Evergreen.

Application forms can be  
found at:

 www.evergreen.asn.au/join.htm

Committee

Contact us

  President  
Bob Wilson, Lancelin 
P: (08) 9655 1055

   Vice President  
Jim Wedge, Binnu 
P: (08) 9936 6366

   Marcus Sounness — Borden  
P: (08) 9827 9288

   Rob Rex — Wagin  
P: (08) 9862 6067

   Helen Lethlean — Badgingarra  
P: 0417 672 307

   Erica Ayers — Esperance  
P: (08) 9078 3030

   Bob Leeson — Lancelin  
P: 0427 474 203

   Grant Bain — Walkaway 
P: 0427 812 963

   Executive Officer  
Erin Gorter 
P: 0429 833 752

   Agronomy  
Philip Barrett-Lennard 
P: 0429 977 042

  Evergreen Farming  
PO Box 231, Kojonup WA 6395

 E:   evergreenfarming@agvivo.com.au
 W: www.evergreen.asn.au

Views expressed are not necessarily 
those of the Editor or the Evergreen 
Committee. Farmer experiences may not 
work for all. Disclaimer: Mention of trade 
names does not imply endorsement or 
preference of any company’s product by 
Evergreen, and any omission of trade 
name is unintentional. 

Welcome
                      from Bob Wilson
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Fire-proof pastures

Farmers in the Gingin area have been treated to one of the worst 
years on record for bushfires. Unfortunately, a small number 
of farms have been totally burnt out. Our hearts go out to these 
farmers. However, one shining light in all this tragedy is the 
ability of perennial pastures to cope with fire. Millions of years 
of evolution on the African savannah has clearly had an impact! 
These two photos show two pastures on the same farm that were 
burnt during a bushfire in early January. Luckily, a thunderstorm 
delivered some rain a few weeks after the fire, and within a 
month, the perennial pastures were back ready to be grazed.  
By contrast, the annual pasture was still very bare and highly 
prone to erosion.

Perennial pastures after a fire 

Annual pastures after a fire
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The hard-seeded French 
serradella varieties Margarita 

and Erica have been sown with the 
following benefits:  

• it is easy to get established and  
to persist,

• you can harvest it yourself,
• you can top dress the pod out using 

the summer sowing establishment 
technique,

• it complements Rhodes grass,
• it can be cut for hay,
• it is nitrogen fixing and the rhizobia 

seems to persist,
• it is not fussy about soil type,
• there are no disease issues, and
• there are no grazing or sheep health 

issues to consider.

The two French serradella varieties  
have been established two ways, either 
sown with a disc drill or broadcast out 
with a fertiliser spreader. If they are 
sowing with discs, it is done in May with 
5 kg/ha of peat inoculated seed. If they 
are broadcasting pod, it is spread at  
30 kg/ha without inoculant in February, 
March or April. The paddocks targeted 
are those with a low legume seed bank. 
They have established 450 ha of hard 
seeded French serradella this way.  
Most of these paddocks also have a  
sub-clover base.

The Caelli’s rarely sow French 
serradella on its own. They prefer 
sowing it in a mix with some yellow 
serradella as the yellow serradella 
is more likely to persist than French 
serradella. However, French serradella 
is more productive than yellow 

serradella. Luke has found that French 
serradella can germinate in February 
and if he has follow up rains, it will 
produce a lot of autumn growth. Yet 
yellow serradella will not germinate 
until May, so it is difficult for the 
plants to compete against weeds. The 
advantage of yellow serradella is that it 
is more prostrate than French serradella 
so it is more tolerant of grazing. It is also 
more tolerant of bud worm. Another 
advantage is that you can spraytop 
yellow serradella because it flowers 
and sets seed earlier than French 
serradella. Overall, yellow serradella is 
a better fit but it is difficult to get a high 
enough plant density. A softer seeded 
variety of yellow serradella would be 
better. With current yellow serradella 
varieties such as Santorini, a very large 
seed bank is needed to achieve a good 
plant density each year, due to its high 
level of hard seeds.

Other pasture species
Other species that have performed 
well for the Caelli’s include Scimitar 
burr medic.  It established well when 
sown with a crop, although it was a 
good season. A total of 100 ha was 
established under barley using knife 
points. It was sown at 0.5 kg/ha using 
peat inoculated seed. In the second 
season it regenerated well with high 
plant numbers, due to its moderate 
level of hard seeds. It also has prolific 
early growth which is superior to 
sub-clover, but medic is only suited to 
the heavier soil types. A disadvantage 
of medic is that everything eats it, 
including insects.

The Caelli’s also have one paddock 

of biserrula, which they see as a 
potential replacement for sub-clover. 
However, photo-sensitivity can be 
an issue with sheep, and they do not 
like to experience health issues with 
their stock. Biserrula is a prolific seed 
producer but it is sensitive to broadleaf 
herbicides. It will continue to grow if 
there is late rain, and it can also be 
grazed heavily.

Perennial pastures have also been 
successful. Lucerne is used for its 
high water usage to reduce salinity. 
Other strengths include its year round 
growth, there are no grazing issues, its 
nitrogen fixation, it makes good hay, 
it suppresses summer weeds, and 
ryegrass can be sprayed or grazed out. 
The Caelli’s have established 120ha of 
lucerne over the last five years. They 
sow 5 kg/ha of peat inoculated seed in 
July using discs without using a cover 
crop. They have tried other techniques 
in the past but have found that sowing 
lucerne as a pure stand in July is the 
most reliable method. 

Luke finds lucerne has a good fit with 
his cropping system. He uses it in a 
three to four year pasture phase to drive 
down ryegrass numbers (including any 
that are herbicide resistant) and to build 
soil nitrogen levels. Ideally, he would 
like 20% of the farm in lucerne.

Rhodes grass is valuable because it can 
be set stocked in a drought, it is prolific in 
summer, it lets serradella come through 
in winter and there are no sheep health 
issues when it is grazed. Over the last 
five years, 150 ha of Callide Rhodes grass 
has been sown with 3.5 kg/ha of pelleted 
seed. It has been sown with discs in 

Farm info.

Renovating pastures improves 
profits at West River

Luke and Annette Caelli have been actively  
re-sowing pastures on their West River farm. They 
have found a number of species that perform well in 
their conditions. One of these is French serradella. 

Article by Perry Dolling, DAFWA, 
Katanning

Grower:  Luke and Annette Caelli 

Location:  West River
Soil type:  Sand over gravel  

and sand over clay
Property size:  2,200 ha; arable 1,900 ha

Ave annual rainfall:  425 mm

Enterprise:   Merino sheep and cropping
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November as a pure stand and in March 
under oats which was grazed in May. 

The third perennial that has done well 
is winter active tall fescue. It persists, 
it is palatable and it is drought tolerant. 
The Caelli’s see it as a possible fit with 
winter dormant lucerne. A total of 20 ha 
has been sown with discs in July using 
2–3 kg/ha of seed. 

What determines the pasture and 
crop phase length?
French serradella is grown for one 
to two years followed by a maximum 
of two years of crop. A short pasture 
phase is used as there is a need to use 
up the fixed nitrogen by the crop rather 
than encouraging weeds. This rotation 
reduces pest and disease build up. 
Yellow serradella is grown for one year 
and then followed by four years of crop. 
It is too hard seeded to have it in pasture 
for more than one year.

If a good stand of legume is grown,  
then it is typically followed up with crop 
the following year. Luke finds if you have 
another year of pasture, it tends to get 
weedy and you regret not putting it into 
crop.

Rhodes grass may go for 10 years. 
However, if the density drops or there is 
a weed build up then it will be returned 
to crop. Lucerne is grown for 3–5 years 
followed by 3–4 years of crop. It goes 
back into crop when the density declines 
and when it has used up excess water 
and is therefore not as productive.

In general, each paddock is assessed 
to determine if the crop phase can go 
another year. The paddock will return 
to pasture if there are too many weeds, 
there is a lack of nitrogen, if salinity is 
increasing or the water table is rising 

or if the legume base (seed bank) is 
running down.

Dealing with seasonal variation
The rainfall in West River is very 
variable, so the Caelli’s have developed 
a system to try and maximise the 
opportunities and to minimise the 
impact of low rainfall years. Summer 
rain is common. On average 40% of the 
total yearly rain falls during summer. 

The reason why they first tried alternate 
annual legumes was because they had a 
failure with sub-clover in 2000. The sub-
clover in every paddock died. They had 
14 inches of rain in January, February 
and March and then four inches for the 
rest of the year. Sub-clover plants were 
stressed in May and subsequently got 
affected by a virus.

French serradella and other pasture 
systems on the farm give diversity. The 
serradellas are not nearly as affected by 
false breaks as sub-clover. 

An example of where seasonal variation 
and having a mix of pasture species 
provides opportunity is October 2014 
when the Caelli’s received three inches 
of rain. French serradella germinated in 
one paddock growing wheat. At harvest 
time in late November there was a good 
stand of French serradella, which could 
have been grazed or harvested for seed. 

Each species has limitations so there is 
a limit to how much French serradella 
you can have, as with all species. 
Perennials which are drought tolerant 
and can respond to rain at any time of 
the year also add to diversity.

Coping with seasonal variability 
One of the ways to deal with seasonal 
variability is to not have a super high 
stocking rate. The Caelli’s winter grazed 
stocking rate is around five DSE/ha. 
They find it difficult to maintain a higher 
stocking rate because the soil is prone 
to wind erosion when they have a dry 
year. They often use a lick feeder in the 
paddock to supplement what the pasture 
can provide. Lambing commences in the 
last week of May. All sheep are merinos 
with an average micron of 18.5 to 19 
cutting 6-7 kg of greasy wool per head. 
Generally, all wether and one-third of 
the ewe lambs are sold as lambs but 
this can change depending on lamb 
meat prices, the availability of feed and 
prices for shippers. For example, in 
2014 there was plenty of rain in spring 
resulting in extra feed, so the Caelli’s 
kept their cast-for-age ewes and cull 
ewe hoggets. The extra sheep have 
allowed them to grow more wool and to 
better control weeds.

Having a wool based system with 
sufficient dry sheep gives the Caelli’s 
flexibility to easily change livestock 
numbers. Increasing the crop area and 
crop grazing is another tool that can 
be used to manage seasonal variation. 
In 2013, good early rainfall (five inches 
in March) allowed them to put in 
800ha of crop, which was more than 
normal. Some of the crops were grazed 
and a paddock of Rhodes grass was 
established under an oat crop. 

A good start to the season results 
in surplus feed, and that provides 
opportunities. In 2013, the Caelli’s sowed 
a barley crop in early April and grazed it 
from early May to mid-June. Generally, 
there is sufficient pasture feed by July 
so the benefit of crop grazing is early 
feed. If the crop is sown in May, the first 
opportunity to graze will not be until late 
June or early July.  At this time of the 
year, the feed from the crop is of less 
benefit as pasture is more available.

Managing pastures to benefit 
crop and livestock
A well-managed legume pasture provides 
nitrogen in the slow release form to the 
following crop phase. The Caelli’s only 
use nitrogen fertiliser on wheat after 
canola. Crops after pasture only receive 
some starter nitrogen at seeding. For 
example, in 2014 Luke applied 45 kg/ha 
of MAP to a wheat crop after one year of 
a French serradella pasture. There was 
no follow up nitrogen and the paddock 
yielded 3.5 t/ha of Hard 2.

The Caelli’s use grazing and herbicides 
to control weeds for paddocks going into 
crop the following year. They spray top 
and then graze heavily, however in some 
years they just graze. Also, in some 
years the pastures are manipulated in 
winter. In 2014 they used Verdict and 
Select. In spring time, when there is 
a lot of feed, Luke will put stock on 
paddocks where he needs to control 
ryegrass. Sub-clover based pastures 
can be grazed heavily, so ryegrass can 
be grazed out without the need for 
herbicides. Spraytopping and herbicide 
manipulation also benefit the livestock 
enterprise, by reducing the incidence of 
grass seeds in wool. Lucerne is another 
pasture type that can be grazed heavily 
in spring to control ryegrass and radish

In contrast to sub-clover and lucerne, 
the aerial seeding annual legumes 
such as French serradella need to go 
to seed every second year in order for 
them to persist. In some years, such 

Green serradella in summer after 
it germinated in October under a 
wheat crop

[Continued on page 7] >
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The objective of the Permanent Top-
Dressed (PTD) pasture experiment 

was to demonstrate the value of adding 
phosphorus (P) fertiliser at two rates (0, 
125 and 250 kg/ha of superphosphate 
every second year) to increase 
pasture productivity for lamb and wool 
production, in an era of poor pasture 
production and limited understanding of 
the value of nutrient inputs.  

Long-term permanent pasture 
fertiliser trials
The PTD pasture experiment is 
the longest running P fertiliser 
trial under permanent pasture 
in temperate Australia. Other 
long term pasture trials in 
Australia include: i) a fertiliser 
experiment established in 1919 
at the Kybybolite Research 
Centre, near Naracoorte, South 
Australia; ii) a ‘fertiliser by 
grazing’ experiment established 
in 1977 at the Pastoral and 
Veterinary Institute (now DEPI), 
near Hamilton, Victoria; and iii) a 
fertiliser by grazing experiment 
established in 1994 at the 
Ginninderra Experiment Station, 
near Hall, Australian Capital 
Territory. Each of these trials 
was established to address poor 
production in pasture systems 
using phosphate fertilisers in 
different environments.

The 100 year anniversary of the 
Rutherglen site has been used as an 
opportunity to investigate the long term 
implications of continuous grazing and 
fertiliser management, on the status of 
the PTD soils after 100 years.

The PTD site
The site consists of three adjacent 
paddocks of varying sizes: The control  
is 1.5 ha, the 125 kg treatment is  
3.1 ha, and the 250 kg treatment is  
4.6 ha. The average annual rainfall at  

the site is 590 mm with a winter 
dominant rainfall pattern. The soils 
(eutrophic yellow Dermosol) are 
predominantly of sedimentary origin and 
have a poorly drained gilgai formation. 

There is no record of cultivation in the 
control treatment, and the pasture has 
never been modified; original records 
show that it contained native grasses 
including kangaroo grass and wallaby 
grass. The control is now dominated 
by weed species, particularly onion 
grass, but still maintains native grasses 

particularly wallaby 
grass, common 
wheat grass, windmill 
grass and red grass. 
The pastures in the 
fertilised treatments 

100 years of 
superphosphate 
addition to pasture

Pasture-based animal production systems, which occupy a significant proportion of 
the landscape in Victoria, have historically been nutrient-limited, with phosphorus 
often the most limiting nutrient. The Permanent Top-Dressed pasture experiment 
was established in 1914, at the Rutherglen Research Station, Victoria. 

Article by Kirsten Barlow, Department of 
Environment and Primary Industries

TOP:  Control paddock 
in the foreground and 
the 250 kg paddock in 
the background

LEFT:  Aerial 
photograph of the 
PTD site showing the 
125 kg treatment at 
the top, control in 
the middle and the 
250 kg treatment 
at the bottom 
(GoogleTMearth, Image 
© 2014 DigitalGlobe).
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have been improved in line with industry 
best-practice, and were last renovated in 
April 2012 at which time a mixed sward of 
‘Short Rotation’ ryegrass and sub-clover 
was established via direct drilling, with 
no mixing of soil layers. Chemical weed 
control is also applied to the 125 kg and 
250 kg treatments in order to prevent the 
dominance of broadleaf weeds and poor-
quality grasses, such as onion grass.

The site has varied its production focus 
and stocking rate over the 100 year 
history. It was initially managed for 
wool production with stocking rates of 
2.5 DSE/ha (1914–1918), but during the 
period 1937–1979 the site was managed 
for prime lamb production with stocking 
rates of 5.0 DSE/ha in the native pasture 
and 9.3 DSE/ha on the 125 kg pasture 
(Ridley et al. 1990b). Over a 25-year 

as 2014, the serradella can still be 
green in December. Ideally, the seed 
pods needs to be dry before grazing. 
And because the pods are set high up 
on the plant it is vulnerable to being 
grazed. This means in some years, 
grazing must be delayed. The upside 
is that because French serradella is a 
prolific seed producer, it is worthwhile 
letting it set seed every few years to 
build up a large seed bank.

Margarita and Erica serradella 
are suitable for a year-in year-out 
rotation with crop, but it can be 
hard to control ryegrass. Grass 
selective herbicides can be used, but 
if herbicide resistance is an issue, 
weed control will be compromised 
at best and ineffective at worst. Luke 
has found it hard to spraytop French 
serradella without affecting its seed 
set. He thinks it is better to spraytop 
French serradella early rather than 
later, as this allows it to regenerate 
after spraytopping. Typically, French 
serradella is flowering at the same 
time as the ryegrass, so when you 
spraytop, you kill small pods and 
flowers. However, if you get late rain, 
the plants recover to produce more 
flowers and eventually seed. Turnip is 
another weed that Luke has difficulties 
controlling in serradella. 

By contract, sub-clover is less 
affected by spraytopping due its 
earlier maturity. The other advantage 
is that sheep can be used to graze 
the weeds out, while the sub-clover 
is setting seed. However, French 

serradella has prolific spring growth, 
often double the production of sub-
clover if the season keeps going.  

The Caelli’s have a number of paddocks 
of French serradella, so not all of these 
paddocks need to be rested for seed set 
each year. Some will be grazed if feed 
supply is short. And Luke is not overly 
concerned if the seed bank in a paddock 
falls to an unacceptably low level, 
because he can easily harvest French 
serradella pod. He often top-dresses 
the harvested pod onto a paddock in 
summer and it germinates in autumn. 
The pod isn’t inoculated in this scenario, 
and Luke has never had a problem 
with poor nodulation. He suspects the 
rhizobium is either on the pod, or already 
in the soil. Luke also understands that 
top dressing is a less efficient method 
of summer sowing compared to drilling, 
as some pods receive insufficient soil 
coverage (due to variable trampling by 
livestock), so he compensates by using  
a higher ‘sowing’ rate.

The permanent Rhodes grass 
pastures are rested each spring, 
with feed carried over for use in 
summer and autumn. These pastures 
also contain a French serradella 
component, and its responds to the 
annual spring rest by maximising 
seed set. Ryegrass also sets plenty 
of seed in this situation, and this mix 
of species creates a very balanced 
pasture. The Rhodes grass is set 
stocked over summer as it is tolerant 
of heavy grazing. And because it holds 
the soil together so well, the Caelli’s 
are able to maintain higher stock 
numbers than normal over autumn.  

period (1950–1974) the fertiliser 
treatments had set stocking rates of 
double the ewes and lambs compared 
to the control (DEPI, unpublished data). 
Importantly, there was no difference 
between the two fertiliser treatments. 
Over the last 15 years the site has been 
grazed by sheep as part of the DEPI 
Rutherglen farm.

Soils after 100 years of 
continuous management
The centenary of the research site has 
provided a key opportunity to analyse the 
condition of the soils after 100 years of 
continuous management. A summary of 
some of the results are presented here 
in terms of soil acidity, carbon, nitrogen 
and phosphorus.

Soil pH
The PTD experiment is situated within 
the strongly acidic agricultural zone 
in Victoria. However, historic pH data 
from the control and 125 kg treatments 
has shown that these soils were near 
neutral in 1948 (pHwater of 7.2 for the 
control treatment). 

Both the control and 125 kg treatments 
have experienced a decline in pHwater 
of approximately 1.5 units over 65 years 
(see Figure 1, page 8). Even in the 
unfertilised treatment there has been a 
continual decline in pH over time, caused 
by leaching and product removal.

Although acidification of soils is a 
natural process associated with soil 
weathering, accelerated acidification 
occurs in pasture systems through 

[Continued from page 5]

For more information:   
Perry Dolling, DAFWA, Katanning  
P: (08) 9821 3261  
E: perry.dolling@agric.wa.gov.au

The Key aspects of the Caelli’s farm business: 
• A range of pasture species are used to exploit rainfall at any time of the year 

and minimise the impact of dry spells
• Pasture legumes provide nitrogen to the following crops, reducing their 

requirement for fertiliser nitrogen
• Grazing of pastures is an effective way to control weeds that cause 

problems in the crop phase
•  A wool based sheep system with a sufficient percentage of dry sheep 

provides the flexibility to increase or decrease numbers at any time 
depending on prices and feed availability.
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product export (hay, meat and wool), 
accumulation of organic matter and 
leaching of nitrate. 

These processes are distinct from the 
temporary acidification in the vicinity 
of superphosphate granules which 
does not directly contribute to soil 
acidification.

The slowing rate of pH decline is due to 
a quasi-equilibrium driven by the high 
levels of exchangeable aluminium (Al), 
which greatly increase the soils capacity 
to neutralise OH- ions.

The highly acidic fertilised treatments 
now have exchangeable Al 
concentrations of up to 140 mg/kg, 
which is significantly greater than the 
tolerance thresholds of ryegrass and 
clover (Slattery et al. 1999).

Soil carbon and nitrogen
Both total carbon (C) and total nitrogen 
(N) concentrations increased in 
response to fertiliser addition although 
substantial changes were only observed 
in surface soils (0–5 cm soil depths) 
(see Table 1). This is consistent with the 
presence of a distinctive organic layer in 
the surface of the soil profile. 

Soil phosphorus
Over the 100 years of the PTD trial there 
have been 50 fertiliser applications 
resulting in a total application of 550 kg 
P/ha and 1100 kg P/ha being applied 
to the 125kg and 250kg treatments, 
respectively. 

After 100 years there is a clear 
distinction in P concentrations between 
the control and fertilised treatments, 
with minimal differences between the 
different fertilised treatments.

TABLE 1.  Carbon and nitrogen concentrations (g/100g) 
in the 0–5 cm soil depths

Total carbon 
(g/100g)

Total nitrogen
(g/100g)

Control 2.90 0.20

125 kg 4.13 0.34

250 kg 3.88 0.29

The critical Olsen 
P levels for grazed 
pastures are in the 
range of 14–15 mg  
P/kg. This suggests 
that the control 
pasture is likely to be 
P limited with an Olsen 

P of 4 mg P/kg in surface soil (0-10 cm). 
In contrast, in the fertilised treatments P 
would not be limiting production, with an 
Olsen P of the surface soil (0–10 cm) of  
16 and 21 mg P/kg for the 125 kg and  
250 kg treatments (see Figure 2). 

Production in the two fertilised 
treatments is therefore likely to be 

similarly limited by water, nitrogen and 
pH/Al toxicity. 

Not only did the addition of fertiliser 
change the quantity of P in soils but 
it also affected the forms of P. In the 
control treatment most of the P was 
in an organic form with low available 
P (extractable, Colwell, Olsen). The 
fertilised pastures were still dominated 
by organic P, especially in the surface 
soils (0–5 cm), which contained 60–80% 
more organic P than the control. 
However, there was a significant 
accumulation of orthophosphate over 
time in mineral and organically bound 
phosphates. The accumulation of both 

Figure 2.  Soil phosphorus content with depth determined using conventional 
soil chemical analyses of (a) Olsen P, (b) Colwell P and (c) Total P
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Figure 1.  Soil pHwater over time (0–10 cm) showing 
the current pH and historical data from Ridley et al
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organic and inorganic P was expected, 
as orthophosphate and organic P (eg. 
phytate) will both strongly bind to clay 
surfaces in an acid soil, and will also 
compete for the same soil exchange 
sites (Anderson et al. 1974).

What does this tell us?
One hundred years of continuous, 
non-disturbed pasture has allowed us 
to investigate the long-term effects of 
applying P to soil, in terms of P, C, N and 
soil acidification despite a lack of soil 
analysis over time. 

Phosphorus has accumulated in the 
surface soils of the fertilised treatments 
as both orthophosphate and organic-P. 
In the 250 kg treatment there has been 
some movement of P down through the 
soil profile probably due to the high sand 
content of the surface soil and to the 
transfer of small quantities of water-
soluble P, or P bound to organic ligands 
down through the profile. 

Over time, the site has continued to 
acidify (surface 0–10 cm) with soil acidity 
combined with Al concentrations in the 
fertilised treatments approaching a 
level which should impact on production 

and where broadcast lime would be 
recommended.

One hundred years of non-disturbed 
pasture suggests that the surface soils 
of these systems would be in a state of 
quasi-equilibrium, in which the  
fertilised treatments have high levels  
of C, N, P and Al. The continued stability 
of these fertilised systems is likely 
dependent upon maintaining the high 
C status through on-going cycling of 
organic matter; which is important to 
nutrient cycling and the prevention of  
Al phytotoxicity. 

There are two risks to this system:  
i) the declining pH, and ii) soil 
disturbance, which may disrupt the 
equilibrium of the structural integrity 
of these soils and the bio-chemical 
processes which maintains it. 

The declining pH and increasing Al are 
currently at levels we would expect to 
be marginal for production. From the 
results it appears that continual inputs 
of organic matter are supporting the 
ongoing productivity of this site. 

If this site were to be cultivated, 
we propose that accelerated C 

mineralisation and reduced organic 
matter inputs and cycling would 
increase both Al phytotoxicity (through 
reduced production of organic ligands) 
and an increased rate of soil pH decline, 
due to reduced buffering capacity. If 
the soil pH were allowed to continue to 
decrease, this could lead to irreversible 
dissolution of soil minerals, and further 
collapse of the soil system.  

For this site to be maintained, and 
to continue to add value to our 
understanding of soil processes in acid 
agricultural soils, future management 
of this experiment needs to incorporate 
the application of a liming material to 
address the declining pH. 

To continue current management with 
no consideration of soil pH would be of 
limited value; the effect of a century of 
P addition in an acid soil is now known, 
and its value as an extension tool to 
demonstrate best practice would be 
limited.   
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Transition from 
crop to pasture

Better transitions between crops and pastures 
and managing both phases well are the keys to 
lifting farm profitability in WA’s southern medium 
and high-rainfall zones.

Article by Melissa Williams, GRDC

That is the advice from  
Planfarm consultant Paul 

Omodei, who is working with the 
Muchas Gracias grower group in 
Arthur River and Wagin to evaluate a 
range of tactics for optimal integration 
of pastures into cropping rotations, and 
improving pastures coming out of a 
cropping phase  

Managing these transitions better and 
pushing pasture productivity in this 
region have potential to increase both 
crop and livestock production, reduce 
weeds for the cropping phase and boost 
whole farm income.

Pasture density is the key
The keys to this strategy are to dry sow 
and create density in pastures to run 
adequate stocking rates that make 
money, while attacking the annual 
ryegrass (Lolium rigidum) seed bank 
problem for the cropping phase.

Pasture density comes from sown 
cereals and stimulated hard seeded 
annual ryegrass and sub-clovers that 
may have stayed dormant without the 
physical soil disturbance. The cereals 
and grasses drive the winter livestock 
carrying capacity and the clovers 
produce the nitrogen (N) for following 
crops — as well as setting seed and 

contributing to the clover hard seed 
bank, which will be there following the 
next crop rotation. 

Muchas Gracias demonstrates 
pasture-crop rotations
Three-year, on-farm demonstration 
trials have been set up by Muchas 
Gracias group members in conjunction 
with the Department of Agriculture 
and Food, Western Australia (DAFWA) 
through the GRDC-funded Grain and 
Graze 3 project ‘Crops to pasture — 
pasture to crops’.

Wagin growers Bryan and Jane 
Kilpatrick, have a trial investigating 
pasture-crop rotations, the effects of 
cultivation on weed germination and 
the amount of extra feed produced from 
adding N in the pasture phase.

In the first year of the trial in 2014 they 
sowed Wandering oats (at a rate of 40 
kilograms per hectare) and Dalkeith 
clover (at a rate of 8kg/ha) using narrow 
AGMOR™ sowing boots into dry pasture 
on April 24. There was no pre-seeding 
herbicide used and they applied 40 kg/
ha of MAP fertiliser.

Bryan says, “The aims were to boost 
soil water infiltration and plant density, 
stimulate weeds to germinate and 

provide early feed for livestock. This led 
to a cultivation effect on weed numbers 
and growth in that first year”.

Geranium (Erodium species) and 
capeweed (Arctotheca calendula) got 
away early and started smothering 
the clover and oats, forcing Bryan 
to undertake a spray graze using a 
phenoxy herbicide. After that treatment, 
they had a good stand of oats, clover 
and annual ryegrass and were able 
to use this for two intensive grazing 
periods in June and July.   

Extra stock feed helps feed gap
Part of this trial is to assess how 
much extra stock feed is produced 
by the sown pasture, as they usually 
experience a feed gap between seeding 
and lambing (in early July). The oats 
certainly provided a bulk of feed early in 
the season, which was very helpful and, 
in a different year and on a bigger scale, 
could be crucial because they carry a 
high percentage of lambing ewes.

Bryan says a combination of improved 
pasture paddocks prepared earlier in 
the year, deferred grazing on to long 
term grazing paddocks and some crop 
grazing is ideal to set up paddocks 
for his lambing period. He says crop 
grazing has a place in the system and is 

Grower:  Bryan and Jane Kilpatrick 

Location:  Wagin
Soil type:  York Gum, White Gum
Property size:  1700 ha

Ave annual rainfall:  450 mm

Enterprise:   Cereals, canola, Merino sheep

Farm info.
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used when conditions allow, on well-
established paddocks with low weed 
burdens.

Part of an overall strategy
The Kilpatrick’s use spray topping in 
spring to reduce the grass component of 
pasture paddocks, while being mindful 
of the clover setting seed. 

“Our preferred strategy is to defer as 
much as possible on to planned wheat 
paddocks.  We then sow canola, oats  
and barley as quickly as possible and 
then slow right down to finish the 

wheat,” says Bryan. “This spreads our 
wheat sowing dates and allows pastures 
to get away.” 

Paul Omodei says, “This is an integral 
component of the dry sowing cereals 
strategy. The additional annual ryegrass 
and weeds stimulated by cultivation can 
then be controlled by a ‘hay freezing’ 
technique, using glyphosate or paraquat, 
after the clover has set seed in late 
spring. That way, the legume component 
of the system is protected and the 
grass weeds are almost 100 per cent 
controlled, which is what we want for the 
cropping system.”

Bryan says the plan for this year is to 
leave the improved pasture in the Grain 
and Graze 3 trial and set it up for a 
short term cropping program in 2016. 
Pasture benefits of the first two years 
will hopefully produce higher crop yields 
in the third year.

DAFWA research officer Perry Dolling 
is monitoring the Kilpatrick’s trial for 
pasture composition, pasture growth 
rates, dry matter production per mm of 
rain and number of grazing days.

The Muchas Gracias group also runs a 
Blog (for members only), which allows 
sharing of wide-ranging discussions, 
observations, photographs and trial 
results.   

To learn more about the Muchas 
Gracias group’s Grain & Graze 
trial work,  view the YouTube video 
produced by the GRDC:

https://www.youtube.com/
watch?v=O0gjXEMjkC4

FAR LEFT: Bryan Kilpatrick
LEFT:  The Muchas Gracias group 
inspect pastures sprayed (foreground) 
and unsprayed (background) for 
broadleaf weeds

Products are issued by Rural Bank Limited (ABN 74 083 938 416 AFSL 238042) and distributed by Bendigo and 
Adelaide Bank Limited (ABN 11 068 049 178 AFSL/Australian Credit Licence 237879). S46240-2 
(207321_v3) (25/02/2014)

HAVE YOU MET YOUR 
LOCAL RURAL BANK 
FARM FINANCE 
SPECIALIST?

A Rural Bank farm fi nance specialist is available 
in your area to help develop solutions for your 
farming business. To fi nd out more about Rural 
Bank’s range of specialist farm fi nance products 
and services, call 1300 660 115 or visit your local 
branch to speak to a local specialist about how 
we can help grow your farming business.

www.bendigobank.com.au

For more information:   
Paul Omodei, Planfarm  

M: 0427 728 566  
E: paul@planfarm.com.au

https://www.youtube.com/watch?v=O0gjXEMjkC4
https://www.youtube.com/watch?v=O0gjXEMjkC4
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French serradella in the foreground sown 
as part of an experiment at Yass examining 
the phosphorus efficiency of pasture 
species.Productive pastures growing in low phosphorus soils 

are no longer a pipe dream as demonstrated by a 
current national research program. 

Article by Graeme Sandral, Department of 
Primary Industries NSW

The research team, led by  
Richard Simpson (CSIRO, 

Canberra), Graeme Sandral (NSW 
DPI, Wagga Wagga), and Megan Ryan 
(University of WA, Perth), has shown 
that annual legumes like yellow 
and French serradella are highly 
productive at much lower soil test 
phosphorus levels than is required for 
subterranean clover.  

Meat & Livestock Australia and 
Australian Wool Innovation jointly 
fund the ongoing research with 
field experiments in NSW at Yass, 
Burrinjuck, Belfraden and Beckham.  
These are then backed by more detailed 
glasshouse studies in Canberra, Wagga 
Wagga and Perth.

The national research team is also 
looking within the sub-clover species 
to determine if it is feasible to select 
high yielding types with lower soil 
phosphorus requirements. 

“We know now, from our research with 
serradella, what the roots of sub-clover 
need to be like to be able to be more 
effective at accessing soil phosphorus,” 
Dr Simpson said.  

“Using species and varieties better 
able to access phosphorus in soils 
has the potential to save farmers big 

dollars provided it is done in a way that 
maintains high production.  

“It is now important that our research 
moves forward to test these early 
results under grazing in typical mixed 
pastures to be sure that benefits 
estimated from experiments can be 
realised on farms,” Dr Ryan said. 

Plants for low phosphorus 
concentrations
While many Australian soils are 
inherently low in available soil 
phosphorus, fertiliser use on many 
farms over the last 60 years or so has 
led to a build-up in soil phosphorus 
levels. However, much of it binds with 
soil particles or is in slowly degraded 
organic matter and is poorly available 
to plants. While some of it can recycle 
as available phosphorus, much remains 
difficult for plants to access.

Richard Simpson and Graeme Sandral 
and colleagues have found that 
plants that are better able to extract 
phosphorus from soil can grow at lower 
soil test phosphorus concentrations 
(see Figure 1).  This is because 
differences in root morphology that give 
them longer roots, finer root diameters 
and longer root hairs, allow the plants 
to explore soil more effectively. This 

indicates a clear pathway for plant 
selection and improvement. 

 Other research has also found that 
some plants such as white lupin,  some 
grasses, pigeon pea and buckwheat 
are better able to extract sparingly-
available phosphorus because of 
special attributes like the ability to 
exude organic acids from their roots or 
acidify their rhizosphere.  Glasshouse 
experiments at UWA are examining 
organic acid exudation in a large range 
of pasture species to determine if this 
strategy of accessing phosphorus is 
used in pasture plants.

Comparing phosphorus needs  
in legumes
Research currently under way is 
comparing the phosphorus needs of a 
range of alternative pasture legumes 
and contrasting them to sub-clover. 
The most promising types so far have 
been the serradellas which can yield as 
well as sub-clover but at significantly 
lower available soil phosphorus levels. 
For example, preliminary data from an 
experiment at Yass, NSW where the 
soil has a Phosphorus Buffering Index 
(PBI) of 50, indicated that 30 mg P/kg 
(Colwell test) or higher was required for 
maximum sub-clover growth whereas, 

Phosphorus-efficient 
pastures with potential 
to save millions
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Persistence will be a key 
French and yellow serradella are finding 
increased acceptance as valuable 
pasture species in some farming 
districts.  However, Graeme Sandral 
cautions that some of these species are 
not as widely adapted as sub-clover, 
particularly for areas receiving more 
than 600 mm rainfall.  A wider look at 
the adaptation range and persistence 
of the serradella species in permanent 
pastures is part of the next stage of the 
proposed research program.  

productivity and good adaptation traits 
including tolerances of acid soils, water-
logging tolerance, insect and disease 
resistance, high forage quality and long 
term persistence.  

French serradella could grow at close to 
maximum levels at 20 mg P/kg or less.  

It is also important that any phosphorus-
efficient pasture species have high 

SARDI 10 was released in 2004 as a complete breakthrough for grazing tolerance in highly winter active 
lucernes. Ten years on, with many of the original sowings still persisting, we now bring you SARDI 10  
Series 2. Similar to its predecessor, SARDI 10 Series 2 offers excellent winter growth and is a leader  
in grazing tolerance for a highly winter active variety. This, combined with increased forage production, 
pest and disease resistance and greatly improved leaf density down the stem, allows for even greater 
adaptability to Australian conditions.

Breakthrough grazing  
tolerance in highly  
winter active lucerne.

For more information, contact Heritage Seeds’  
WA territory manager, Tim O’Dea 0429 203 505. www.heritageseeds.com.au

KEY FEATURES:
•	 Even	more	persistent	under	grazing	than	its	predecessor	SARDI	10	
•	 Leafier	down	the	length	of	each	stem	with	improved	quality
•	 Updated	complete	pest	and	disease	resistance	against	current	Australian	strains
•	 Extending	your	highly	winter	active	lucerne	performance
•	 Truly	Australian-bred	to	perform	in	your	growing	region.

Series 2

HERS0090Grasslands_new2014.indd   1 25/07/14   1:06 PM

For more information:   
Graeme Sandral, DEPI NSW  
E: graeme.sandral@dpi.nsw.gov.au

Richard Simpson, CSIRO  
E: richard.simpson@csiro.au

Megan Ryan, University of WA  
E: megan.ryan@uwa.edu.au

Figure 1.  Diagrammatic representation of the dry matter (kg/ha) 
response of French serradella and subterranean clover to increases in 
phosphorus fertility (Colwell P mg/kg).
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In 2013 we received funding from 
the State Cattle Industry Fund to 

investigate the potential phosphorus 
(P) demand of kikuyu. The decision 
was made to undertake a two pronged 
approach, one using field plots and the 
other using sealed pots in a glasshouse.  

It took us a while, but we finally located 
a site that had a low level of phosphorus 
and a good stand of kikuyu. In some 
areas, we sprayed out the kikuyu to 
give us a pure stand of clover, while in 
other areas we sprayed out the clover to 
give us a pure stand of kikuyu. We then 
applied various rates of phosphorus 
in the form of super phosphate along 
with basal applications of potassium, 
nitrogen and trace elements to each 
pasture type. 

Additionally we carried out pot trials in 
a temperature controlled glass house. 
We sourced soil from a patch of remnant 

vegetation with a very low level of 
phosphorus. This soil was put into 5 L 
sealed pots in a glasshouse and kept at 
75% of water holding capacity.

Pot trials
The pot trials tested six rates of 
phosphorus on both kikuyu and 
ryegrass. The application rates were 
expressed as a percentage of the 
phosphorus required for clover (i.e. 
0%, 25%, 50%, 75%, 100% and 150%). 
All pots received basal applications of 
potassium, sulphur, nitrogen, trace 
elements and lime. 

The response in kikuyu to applied 
phosphorus increased with P application 
rates up to a maximum of 50% of clover 
P requirement (108kg/ha), with a large 
amount of the response occurring in the 
first 25% (see Figure 1). Above the 50% 
application rate, no significant response 

in growth was observed. 

The response in ryegrass was very 
different. It showed a sustained 
response up to 100% of the clover P 
requirement (216 kg/ha), with most of 
the response occurring in the first 75% 
(see Figure 2).

When graphed, the P response curve 
for ryegrass has a reasonable fit with 
the data (R2 = 0.88), and shows a strong 
response to applied P (see Figure 3). 
The P response curve for kikuyu has a 
poorer fit with the data (R2=0.69), and 
shows a much more modest response to 
applied P.

The small response in kikuyu to applied 
P in the initial pot trial has prompted us 
to undertake another pot trial. This time 
there are more treatments at the lower 
end, with rates of 0%, 5%, 10%, 20%,  
40% and 100% of clover requirement. 

Figure 1.  Kikuyu growth in response to applied 
phosphorus

Figure 2.  Ryegrass growth in response to applied 
phosphorus

Article by Ronald Master and Dave Rogers, 
DAFWA, Albany

Does kikuyu respond 
to applied phosphorus?

It is well known that subtropical perennial grasses such as kikuyu respond rapidly 
to applied nitrogen, but not a lot is known about how they respond to other nutrients 
such as phosphorus. Do they respond similarly to the companion annual legumes 
such as sub-clover, or do they require more or less phosphorus? Recent research  
on WA’s south coast aims to find out.     

A substantial response in sub-clover to applied 
phosphorus was seen at the Hazelvale site. 
Note the lack of response to applied P in the 
kikuyu plot in the foreground.
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This equals application rates of 11 kg/ha, 
22 kg/ha, 43 kg/ha, 87 kg/ha and  
217 kg/ha of standard super phosphate.  
This trial is still running, but visually the 
kikuyu is responding in a similar fashion 
to the previous pot trial, with very little 
difference above the 50% P rate.

Field sites
Two field sites have been established. 
One is at Torbay on a deep sandy soil 
with low phosphorus buffering index 
(PBI). The other is at Hazelvale on a Karri 
loam with a high PBI. 

Despite the Torbay site not receiving any 
phosphorus fertiliser for 15 years, the 
soil P status in the top 10 cm was in fact 
still sufficient for clover (just!). This was 
not what we were expecting however 
it was the best site we could identify at 
the time. Given the results from the pot 
trial, we are not expecting a significant 
response to phosphorus at this site. 

The Hazelvale site is showing 
considerable promise. The poor fertiliser 
history and high PBI have combined 
to produce a site that is moderately to 
highly phosphorus deficient. The winter 
pasture cuts at Hazelvale were taken in 
early September, and as expected, there 
was a large response in the sub-clover 
plots to applied P (see main image). 

The kikuyu showed no response to 
applied P during winter, which is not 
unexpected for a summer active grass 
at that time of year. There was, however, 
surprisingly little response in kikuyu to 
applied P over summer. This seems to 
reinforce our pot trial finding that kikuyu 
has a low demand for phosphorus.

Leaching of phosphorus
Lysimeters to capture leached soil 
water have been installed in the deep 

sand at Torbay on the 0, 50 and 100% 
P application plots and the 100% slow 
release P (Super SR) plots. Water has 
been extracted from these and analysed 
for phosphorus concentration.

The data shows three things. Firstly 
and not surprisingly, more P is leached 
when higher rates of P are applied. 
Secondly, more P is leached from clover 
than kikuyu, when the same rate of P 
is applied. And thirdly, less P is leached 
when P is applied in a slow release form 
(Super SR). These are exciting results, but 
they are preliminary and further analysis 
of the data is needed.  

Conclusion
We are still gathering data from both 
the field and pot trials, however the data 
is all pointing to kikuyu having a much 
lower demand for phosphorus than 
clover. Most producers are fertilising their 
kikuyu paddocks with a P-based fertiliser, 
but they typically do it for the clover 
component, not the kikuyu component. 
The question remains; does a mixed 
kikuyu /clover pasture need as much P as 
a straight clover pasture? 

There is of course a balance and having 
productive clover in a kikuyu pasture 
is critical to maintaining the long term 
productivity of the whole sward. The 
clover provides high quality winter and 
spring feed, which is crucial for animal 
production at that time of year, plus it 
fixes large amounts of nitrogen, which is 
crucial for kikuyu growth over summer 
and autumn. 

The amount of P required to drive 
pasture growth is determined by the 
soil type (PBI), soil P level, required 
production target and pasture type. As 
these factors shift so will the amount 
of P required. Our aim at the end of this 
project is to have a better understanding 
of how kikuyu responds to applied P and 
hopefully we can further refine fertiliser 
recommendations for kikuyu based 
systems.  

Kikuyu 
Stands the test 
of time.

Kikuyu Seed Suppliers
Tamgaree Pastoral Company
Morgan and Debbie Sounness

m:  0427 471 057
p:  (08) 9847 1057

www.tamgaree-kikuyu.com.au

Figure 3.  Preliminary kikuyu and ryegrass response curves from the pot 
trial for applied phosphorus as a percentage of clover requirement
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Show us  
your grass.

 
Can’t beet irrigated pastures

Irrigated fodder beet (foreground) and maize (background) 
have replaced perennial pastures on Vic Rodwell’s 
Boyanup dairy farm. Yearly production from perennials 
was around 14 t/ha DM utilised, but under a winter annual 
pasture / summer cropping system, the overall harvested 
dry matter will be closer to 35 t/ha.

Photo taken 10 March 2015

P e r e n n i a l  s u c c e s s  i n  w h o l e - f a r m i n g  s y s t e m s

 
Explosive growth

Gatton panic has an incredible ability to respond to summer 
rain. This stand at Gingin received 20 mm of rain five days 
prior to this photo being taken. Panic will produce 20 kg/
ha of dry matter per mm of summer rain, so a 20 mm rain 
event will produce 400 kg/ha of extra feed.

 
Annuals vs perennials

David Roe from Gingin sowed this paddock to a mix of 
subtropical perennial grasses last spring. With the help 
of some summer rain, the stand has grown so well that 
it received its first light grazing in early March. The 
foreground is a typical annual pasture.

 
Regeneration strategy

Grant Bain of Walkaway sprayed out all the annuals in this 
thin perennial pasture paddock last August. The aim was to 
reduce competition, so that new seedlings would germinate 
and fill in the gaps. However, a relatively dry spring and 
summer hasn’t favoured this strategy this year.

Photo taken 8 February 2015

Photo taken 6 February 2015

Photo taken 19 December 2014


