CROP NUTRITION

Probing the P potential
of organic amendments

D

eciding whether or not to use an
organic amendment such as poultry
litter, animal manure or human ‘biosolids’
as a source of phosphorus (P) for grain
crops is no simple matter.
University of Adelaide PhD candidate
Jessica Mackay, who has been researching
the nutrient value and other impacts of
organic amendments, has found that the
best results are likely to be achieved by
using a combination of conventional
mineral fertiliser and a manure-based
organic amendment.
While her research was focused on P
nutrition, Ms Mackay also looked at the
development of arbuscular mycorrhizae
(AM) in soils to which different levels of
amendments and mineral fertiliser were
added, finding that AM, and probably
other soil biology, is influenced by these
inputs.
“There was clear evidence that using an
amendment to supply part of a crop’s P
needs improves colonisation,” she said.
“Wheat fertilised with an organic
amendment such as a manure or compost
plus a conventional mineral phosphorus
(P) fertiliser has greater levels of
colonisation by mycorrhizae than wheat
fertilised only with mineral P.

“Mycorrhizal colonisation declined with
increased rates of mineral P fertiliser but
remained high with higher rates of organic
amendments, with AM colonisation of
wheat in soils that received phosphorous
acid and poultry litter double that in pots
to which only the acid was applied.
“Overall, mycorrhizal colonisation declined
with increasing mineral P fertiliser but
the rate of colonisation was maintained
when some of the phosphoric acid was
replaced with an organic amendment.”
These findings, which are in line with
previous work by WA researcher Dr Lynne
Abbott and others showing that AM are
negatively affected by addition of mineral
P fertilisers, suggest that using an organic
amendment with a top-up of sufficient
mineral fertiliser to meet a crop’s P needs
could provide additional benefits in
overall soil condition and health, Ms
Mackay said.
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“Too much mineral P fertiliser will inhibit
AM development and so limit the volume
of soil that can be explored and exploited
by the crop.
“AM also benefits soil structure, possibly
through the carbon (C) it contributes
over time, can improve uptake of other
nutrients as well as P and can help reduce
the risk of moisture stress in dry
conditions.”
Other aspects of her research, all of which
was done with wheat plants grown in
pots, suggest that growers would do well
to look beyond the nutritional value of an
amendment to other possible benefits
such as improvements to soil condition
and health and the impact on soil
organisms such as arbuscular mycorrhizae
(AM), she said.
Ms Mackay also found that plants play an
active role in the release and availability of
P in the soil.

Plants play an active
role in the release
and availability of P
in the soil.
“There was relatively little available P in
pots where poultry litter was added to
pots in which no plants were grown,
indicating that plants have a significant
role in the ‘processing’ of soil P, possibly
through interaction with soil microbes or
directly through root exudates.”
While many of the amendments she
worked on – litter from pigs on straw
bedding, litter from poultry run on straw
bedding, litter from poultry run on sawdust
and a compost made from municipal
waste – had quite high carbon (C)
contents, the rates at which they would be
used by most farmers would do little to
directly boost soil carbon levels, she said.
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and how long it takes to be solubilised
varies with the material.
“Different forms of P become available at
different rates and the form of P in an
amendment might be more significant
than its total P concentration.
“The form of P-containing compounds in
an organic amendment or manure is an
important indicator of the suitability of
an amendment as a source of P for wheat.”
She used nuclear magnetic resonance
(NMR) technology to distinguish eight
different categories of P compound, each
with their own characteristics including
different levels of availability – or
unavailability. There are other subcategories within these eight primary
groupings, she said, but segregating them
would require use of different, more
expensive technology.

She suggests that growers considering
using an organic amendment such as
animal litter as part of their P nutrition
program need to consider the forms of P
it contains, not just total P levels.

“Many of the P-containing organic
compounds in the amendments I worked
with are very stable and quite resistant to
being converted to soluble inorganic
forms, so the amount of P available to
plants from an organic amendment is
often much less than its total P content.”

“How much of the total P in an
amendment eventually becomes available

P concentrations in the amendments she
analysed ranged from 2.5g/kg in compost
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to 16.5g/kg in the straw-based poultry
litter, but only some of that was extractable
in bicarbonate, with just 24% of the P in
the compost extractable and 59% from
the pig litter and the percentage of
plant-available P a further variable.
She found that the compost provided the
least available P per kilogram of amendment
and the pig litter the most but decided to
use poultry litter in the later stages of her
work because it is the most readily
available amendment for SA growers.
None of the amendments provided
enough available P to meet the needs of a
wheat crop in a P-responsive soil.
“Wheat plants provided with a combination
of mineral P fertiliser and poultry litter
were able to source adequate P but an
organic amendment alone did not meet
crop P demands, partly because very little
P from an amendment is available in the
first few weeks after it is applied,” she said.
“Wheat plants grown in soil to which
only phosphoric acid was added took up
more than double the amount of P taken
up by plants in pots where only an
organic amendment had been added.
“This and other results indicate that P
from organic amendments is generally not
available to plants in the first weeks of
growth but becomes available later in the
growing season as soil organisms begin to
convert it from organic to soluble
inorganic forms.
“These findings suggest that growers
looking to use an organic amendment
such as poultry litter as a source of P

would be well advised to apply a low rate
of mineral fertiliser to provide ‘starter’ P
to ensure the crop has adequate P
available for early root establishment.”
One of the challenges for any grower
considering using an organic amendment
is to identify how much P – or other
nutrient – a particular type and batch of
amendment contains and the rate at
which to apply it; neither of which is
simple to determine.
Ms Mackay used the Colwell P test,
which uses bicarbonate extraction, to
directly measure concentrations of
‘extractable’ P in the amendments. The
new diffusive gradients in thin-films
(DGT) test, which gives a more accurate
representation of P availability in soils,

Too much mineral P
fertiliser will inhibit
AM development
and limit the volume
of soil that can be
utilised by the crop.
does not work on amendments such as
poultry litter because of the characteristics
of the material. The DGT test does,
however, work on soils to which an
organic amendment has been added and
she suggests that growers use it as part of
the process to work out how much of an
amendment to apply as a source of P.
They should not, she cautions, expect
crops to have access to the amount of
P that might be suggested by adding an
amendment containing a particular

concentration of P, as indicated by a
Colwell test, to a soil.
“The result is never a simple sum. There
are interactions and reactions we don’t
understand at this stage that mean the
amount of P available is always less than
the figure obtained by simply adding the
Colwell P of the amendment to the
Colwell P of the soil.”
The starting point for calculating an
application rate for an organic amendment
intended as a source of P is to have
Colwell P tests done on the amendment
and the soil in the paddock in which it is
to be spread. Once the results of those
tests are available the next step is to use
the bulk density of the soil to calculate
the weight of topsoil (10cm) over a
hectare of the paddock then collect a
representative sample of topsoil from the
paddock and weigh out a kilogram of
that sample.
Use the Colwell P result for the
amendment to calculate an application
rate then convert that kg/ha rate back to
grams per kilogram (kg/ha becomes g/
kg), mix that weight of amendment
evenly into the kilogram of soil and send
the mixture for a DGT P test to
determine the amount of P that will be
available to the crop once the supplement
has been applied.
The level of available P can be increased,
if necessary, by applying mineral P
fertiliser at seeding.
Ms Mackay augmented her research in
Australia with work over several months
in Denmark, where she explored the value
of five forms of thermally treated human
‘biosolids’ (sewage sludge) as amendments
for crop production. A biochar and a
pelleted bio-ash produced using a
high-temperature gasification process
provided little nutritional benefit to
wheat but an incineration ash and a dried
sewage sludge had some potential as plant
nutrient sources.
Her Danish research included a trial
in which soil within pots was sub-divided
using micro-screens with pore sizes that
could be penetrated by AM hyphae but
not plant roots.

POULTRY LITTER CAN HAVE BIOLOGICAL AS WELL AS NUTRITIONAL BENEFITS BUT DECIDING
WHETHER OR NOT TO USE IT AS PART OF A CROP NUTRITION PROGRAM IS NO SIMPLE MATTER.
NOR IS CALCULATING THE APPLICATION RATE.

The results of this experiment showed
that plants supported by AM can access
and obtain more P from dried sewage
sludge than plants not supported by AM
but this was not the case in incinerated
sewage sludge.

SANTFA The Cutting Edge WINTER 2017

89

