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What is Compost?

Compost is alive!

• Aerobic decomposition of organic materials
into humus.
• Original materials are unidentifiable in well
humified (humus rich) compost .
• Good quality compost contains all macro and
micro nutrients, all in stabilised, slow release
form.
• Compost is also rich in beneficial humic
substances which condition soil, improve
nutrient uptake and feed soil microbes.

• But most importantly, compost is alive! It is a
living fertiliser (biofertiliser).
• Quality compost is teeming with beneficial
microbes (many of which are same species as
f
found
d in soils).
l)
• Organic carbon in compost is also a ‘house’ for
microbes, being both a house and a food
source for them.
• Therefore, compost is an ideal way to
inoculate soils with beneficial microbes.

Types of Compost
• Vermi Composting – composting with worms
(cold composting).
• Passive/Static Composting – slow,
unmanaged
g decomposition.
p
• Thermophilic Composting – actively managed,
rapid, hot composting.
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Organisms in Compost

Manures
• Manures are high N (green) inputs, balance
them with additional C (browns) and compost
to improve aerobic microbial diversity.
• Manures can be spiked with zeolite or humic
acid to stabilise the highly soluble/available
nutrients contained within.

Total Fungi
(µg/g)

Total
Bacteria
(µg/g)

Compost 1

60.1

1736

1351

0.1

0.03

Compost 2

442

835

12002

0.1

0.53

C
Compost
t3

984

1188

7948

03
0.3

0 83
0.83

Compost 4

482

393

17206

14.4

1.22

Protozoa
(#/g)

Total
Fungal /
Nematodes Bacterial
(#/g)
Ratio

1 40% Farm manure, 10% wood, 50% Green waste
2 20% Zoo manure, 20% wood, 60% Green waste
3 35% wood, 65% Green waste
4 50% wood, 50% Green waste

Beneficial Fungi
Thick strands
Color can be variable – pink, orange, brown, tan, white

Enriching Your Compost
There are several ingredients that can boost
the fertiliser power of your compost including:
• Zeolite – for N and K retention.
• Clay – for humus stabilisation
promotants and trace
• Seaweed – ggrowth p
minerals.
• Humates – brown coal is a great input.
• Bonemeal and seed meal – N source.
• Wood Ash – great source of potassium.
• Rock phosphate – if P is needed.
• Rock Dusts – activate the relatively inert
minerals.
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Keys to Success!

Bacteria and Fungi

• If hot composting – turn the pile more in the
first half of its life and less in the second half.
• If static composting – go very heavy with
carbon and leave the pile for significantly longer.
• Mature the pile along the edge of a woodland.
• Inoculate at start or at end with Trichoderma or
with an inoculum of mature, finished compost.

• All microbes play an important role in soil
function, however, as bacteria and fungi are at
the start of the food chain, they're role is of
particular importance!
p
p

A Sports Turf Example

Ecological Succession

• Golf courses prefer perennial grass species as
they are finer = better playing surface.
• These perennials are later successional species.
• Poa annua is an annual early successional
grass that is less desirable.
• By shifting the microbial community in a
slightly more fungal direction we create an
environment in which Poa does not thrive and
select for perennial finer grasses to
outcompete the Poa.

Sports Turf Shift Your Succession
• A greater fungal level in soil increases fine
grass health and reduces weed growth.
• “Arbuscular mycorrhizal fungi (AMF) can be
used as biological control agents of P. annua,
acting to reduce its growth while increasing
that of desirable perennial grasses”.*
• AMF may also directly antagonize Poa.*
• However, natural levels of AM fungi in
amenity turf are very low.*

Soil Biology and Carbon
• Plants release ~30% of their total
photosynthetic energy into the
root zone as root exudates –
sugars, carbohydrates etc.
• Depending
D
di on what
h t is
i happening
h
i
in the rhizosphere, these
exudates can potentially be
sequestered into the soil carbon
pool.



* Journal of Applied Ecology, Volume 36, Number 6, December 1999 , pp. 909 919 (11)
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Bacteria, Fungi and Carbon
• Current understanding suggests fungi are more
important than bacteria for carbon sequestration
in soils:
1. FFungii store
1
t
more C iin th
their
i bi
biomass th
than b
bacteria.
t i
2. Fungal metabolites/byproducts are more resistant
to degradation.
3. Fungal hyphae promote soil aggregation which
physically protects soil organic matter.
* Rillig, M.C. & Mummey, D.L. (2006). Mycorrhizas and soil structure. New Phytologist .171: 41–53
* Six, J., Frey, S.D., Thiet, R.K & Batten, K.M. (2006). Bacterial and Fungal Contributions to Carbon Sequestration in Agroecosystems. Soil Sci. Soc. Am. J.
70:555–569.

Mycorrhiza and Glomalin
• AMF also produce an extremely
stable compound called
glomalin which may resist
degradation for up to 40 years*.
• Glomalin is a sticky sugar
protein which also improves soil
aggregation and protects other
soil organic matter.
* Six, J., Frey, S.D., Thiet, R.K & Batten, K.M. (2006). Bacterial and Fungal Contributions to Carbon Sequestration in Agroecosystems. Soil Sci. Soc.
Am. J. 70:555–569
* Wright, S.F. and Upadhyaya, A. (1996) Extraction of an abundant and unusual protein from soil and comparison with hyphal protein of
arbuscular mycorrhizal fungi. Soil Science 161: 575–586.

Fungi:Bacteria
and Carbon Sequestration

MICROBIAL AND FUNGAL
BYPRODUCTS GLUE
SOIL PARTICLES TOGETHER
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Mycorrhiza and Soil Structure

• The most important ways to preserve soil carbon is
to protect it once it has been sequestered!
• Maintaining soil aggregation critical to soil carbon
protection.

• Soil structure is influenced by many factors!
• A long term study* found a highly significant
correlation with AMF abundance and soil
aggregation.
gg g
• They also found fungicide applications reduced AMF
and waterstable macroaggregates.

* Wilson, G.W.T., Rice, C.W., Rillig, M.C., Springer, A. and Hartnett, D.C. (2009) Soil aggregation and carbon sequestration are tightly
correlated with the abundance of arbuscular mycorrhizal fungi: results from long term field experiments. Ecology Letters.
12(5):452–461.
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Enhancing AMF Environment
• Soil Cover – always maintain host plants and a
flow of root exudates (food source) for AMF.
• Avoid fallows or keep them as tight as possible if
unavoidable.
• Mineral Balance – optimise plant nutrient
requirements to ensure adequate photosynthesis
and hence C flow to roots.

Enhancing AMF – Fertility Ley
• Fertility building leys are an ideal method to
repopulate soils with AMF.
• Dense seeding rates encourage AMF spread
throughout the field through rootroot contact.
• Uncultivated period of time is ideal for AMF
establishment.
• Choose strongly mycorrhizal legumes – clovers,
medics and vetches.
• Available P (from AMF) enhances N2 fixation if using
legumes.

AMF – Crop Rotation

Enhancing AMF – Crop Rotation
• If using an AMFbuilding rotational ley:
• Rotate straight into a mycorrhizal crop.
– Rotating into a nonmycorrhizal crop will waste
the opportunity of the built up soil inoculum
inoculum.

• Non and weaklymycorrhizal crops (brassicas,
beets) should be grown later in the rotation
(nutrient needs met with soil amendments).

Enhancing AMF Inoculation
• Direct inoculation onto plants has been shown
to be most effective for disease control*
– Seed treatment
– Liquid Inject
– Seedling drench

• Within a rotation, two ideal times to inoculate:
– At start of a ley
– When rotating from a nonAMF crop to an AMF
dependent crop.

• Don’t wait until after establishment!










* Torres Barragán, A., Zavaleta Mejía, E., González Chávez, C., and Ferrera Cerrato, R.(1996). The use of arbuscular mycorrhizae to control
onion white rot (Sclerotium cepivorum Berk.) under field conditions. Mycorrhiza 6(4): 253 257

• AMF potential is reduced by:
– A nonmycorrhizal green manure – mustards,
canola, buckwheat.
– Long term stubble
– Fallow
ll

• It is not ideal to grow a crop that is AMF
dependent straight after these (or be sure
to inoculate).

Suppressing Mycorrhiza
• Fertilisers – soluble salt fertilisers (esp N & P) suppress
AMF activity.*
• Nutrient Excesses – surplus plant available P (often from
excess P fertiliser application+) will reduce the plants
need to form AMF associations.
• Pesticides – various fungicides, herbicides and
nematicides have been shown to suppress AMF
colonisation and sporolation.*
• Cultivation – slices hyphal networks and buries spores
below root zone delaying colonisation.
• Manures!
* Gosling, P., Hodge, A., Goodlass, G., and Bending G.D. (2006) Arbuscular mycorrhizal fungi and organic farming. Agriculture, Ecosystems
and Environment 113: 17–35
+ Jordan, N.R., Zhang, J., and Huerd, S. (2000). Arbuscular mycorrhizal fungi, potential roles in weed management. Weed Res. 40:397 410.
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Future Research

Summary
• Keep soil covered – carbon flow
• Minimise soil disturbance
• Inoculate or support AMF

• What are the most suitable methods to:
– Optimise microbial abundance in agroecosystems?
– Optimise sequestration of plant biomass and/or root
exudates into the stable carbon pool?
– Optimise
p
microbes’ abilityy to acquire
q
and supply
pp y nutrients?

• What are the optimum soil characteristics that shift
microbial communities toward these processes
(chemistry, physics, biology)?
• What are the key microbe groups that are most
efficient for these processes and how best to use
them in agro ecosystems?

Thank You
Summary and
Q
Questions?

Making the Most of Your Soil:
Getting higher quality and
yield with fewer inputs
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What is a healthy soil?

What drives a healthy soil?
Chemistry

SOC

Physics
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