What is Compost?

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.
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Compost is alive!

* 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
found in sails).

* 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 decomposition.

* Thermophilic Composting — actively managed,
rapid, hot composting.
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Passive Compost

Left relative ly unmanaged, undisturbed fora long
fime.

Takes longear to finish the compast and runs risk af
poor quality it net constructed/managed aroperly:
* Spter method is to go very heawy on carbon
[y fbrowns] as ton much nitregen (greens} will
putrefy
* Consequencea iz longer production tirme (12+
rnonthsl.

-

Thermaphilic Compost

Actively managed compost pile to ensure a
heating phase is presoht.

Highar temperatures speed up decomposition
and eliminate weed seeds and dizease spores.

Balance of browns and greens again important
Isee C:N rotio slide].

Regular turning required to sequentially cool
tha pile down.

Typically, rapid production time [8-12 weeks).

Compaost

Compast gquality depends an;
— Fagd suroes (O
— Moisture

— Temperaturs
— CoyEen
— Toxins
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Constructing The Pile
Piles too small will:
— Struggle to heat up (not sufficient body mass)
— Can dry out gasier
— Can become Wwaterlopged easier
Miles too big will he difficult to manage.
2rr high % 2 3m wide

Maisture may heed to be added at construction
stAge.
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Maisture

* [ too wel or dey, micrabial activity declines,
* To test;
— Talte 2 handful of compast matearial

— The sample should fael meist and glisten with
widbear

—'When squeezed, excess water should not drip out

-

Temperature

Termperature should reach between 50-65C
Inow a thermophilic compast).
Temperatures much reach 604C ta sanitise
waeds and parhogens,

Qnce the pile temperature’ is approaching 65-
70°C, turn the pile.

Check moisture content!

Turning

'Lift' the pile and drop doswn using an
axcavatar ar telehanolarn

A pentle midng i< proferred ralher Lhan
N AgEressive, vigaraus turning.
Number of turnings will depend on
inpuats used.

Turn mare in first half and less in secand
halt of composting cycle.

Oxygen — aerobic compost

* Oygen is critical to ensure beneficial
dacompaser microbes [aerabes) thrive in the
COMPOST.

+ lze different size and shapad particles to
maintain structure.

+ Lareer woody materials will take longer ta
break down but prevent slumping and
encolrage ongoing axygen diffuzion.
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Finished Compost?

« If used, unfinished compost will scavenge
nutriente from the =oil (esp M) to finish its
decomposition before it releases anything
back ko the soil.

* When compost is ready, it has the following

C:N Ratio: 15-20: 1
= Mlcroblal Analysis: mic
highlight compost qualit

0, evelutian.

Maturation

+ After the thermophilic eycle is complete,
woodlands or woodland borders are ideal
sites for undisturbed compost maturation.

* Providey & perfect microclimate.

* Fungal rich environment to encourage fungal
develppment throughaut the compast.

* |deally cover 1o maintain humidity and
provent wator logging in wet soason
particularly impaortant for small piles.

Manures

* BManures are an amazing ingredicnt in compaost
piles but be careful as they will require more
turning.

+ Higher risk of putrificatian (high N,

* Tofurther enhance the microbial diversity of

frash manures, they should ba well aged at a
minitmum and ideally composted.
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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.

Organisms in Compost

Total Total

Total Fungi Bacteria Protozoa  Nematodes
(ne/e) (ne/g) (#/g) (#/g)
Compost 1 60.1 1736 1351 0.1
Compost 2 442 835 12002 0.1
Compost 3 984 1188 7948 0.3
Compost 4 482 393 17206 14.4

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

Fungal /
Bacterial
Ratio

0.03
0.53
0.83
1.22

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

There are several ingredients that can boost
the fertiliser power of your compost including:

Enriching Your Compost

Zeolite — for N and K retention.

Clay — for humus stabilisation

Seaweed — growth promotants and trace
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.

© Joel Williams | BioLife Agricultural
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Microbially Fortified Compost

+ Compost can be enriched with microbes during
the composting process to either aid
decompasition or improve disease
SUppressivnass.

= Murerous published studies have examined the
effects of inoculating microbes at the start or at
the end of the compoesting process.
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Compost and Disease

« Sterilized and unsterilized vermicompost was
added to potting media 1o investigate
suppression of Fusariem.

* Sterilized (dead) compost resulted in no
suppression while unsterilized (alive) cor post
reduced Fusariom incidence.

* Thiy sugpested a biotic factor {living factor)
was the supprassive agent ahd not an abiotic
{chemical) factor in this instanca.
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Vermi Compost and Disease

Sterilized [dead) Compost Unsterilized [aliva) Compast

Y Y

Ner Fllsnritd Sup pression Fuserlute sugpression

Vermi Compost and Pests

+ Edwards et o invostigated the offect of
agueows extracts of vermicast on insect pests
{aphids, mealykbug, mites).

+ Sail applied liquid cast suppressed pest
astablishiment and caused some pests ta dis
when compared to a water control.

+ They suggested an abiotic factor (chemical
factor — phenolic compounds) were absorked
by plant tissues making them unattractive te
Lhe peats.
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Liguid Vermicast and Pests

Control - Water Treatment - Yermicask Exkract
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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.

* 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!

« 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.

Ecological Succession A Sports Turf Example ¢ ?

* 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.

Soil Biology and Carbon

* Plants release ~30% of their total
photosynthetic energy into the
root zone as root exudates —
sugars, carbohydrates etc.

* Depending on what is happening
in the rhizosphere, these
exudates can potentially be
sequestered into the soil carbon
pool.

© Joel Williams | BioLife Agricultural



Bacteria, Fungi and Carbon

* Current understanding suggests fungi are more
important than bacteria for carbon sequestration
in soils:

Fungi store more C in their biomass than bacteria.
Fungal metabolites/by-products are more resistant
to degradation.

3. Fungal hyphae promote soil aggregation which
physically protects soil organic matter.

* Rilli, M.C. & Mummey, D.L. (2006). Mycorrhizas and soil structure. New Phytologist 171: 41-53
*Six, 1, Frey, 5.0,, Thiet, R.K & Batten, k.M. (2006). Bacterial and Fungal Contributions to C 1 )
20:555-569,

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, 1, Frey, S.D,, Thiet, R.K & Batten, K.M. (2006). Bacterial and Fungal Contributions to C: ionin oil 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.

MICROBIAL AND FUNGAL
BY-PRODUCTS GLUE
SOIL PARTICLES TOGETHER

SOILIN SOILIN
DISPERSED STATE AGGREGATED STATE

Fungi:Bacteria
and Carbon Sequestration

'b‘\o
Bacterial
Biomass Less
Stable C
&5
o&
RN

- Root exudates
- Plant residues
- Compost/Manures
- Green manures

Carbon Protection

* 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.

Spriigen . and Haripet}big: (104} Sog greptiqand &aibof spausstrationard
BUSTULE COIT h izl F Ul reSUILS fedrt ahg-tet it field ekperiments; Eology Lettes
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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 - Crop Rotation

If using an AMF-building rotational ley:

Rotate straight into a mycorrhizal crop.

— Rotating into a non-mycorrhizal crop will waste
the opportunity of the built up soil inoculum.

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

AMF - Crop Rotation

* AMF potential is reduced by:

— A non-mycorrhizal green manure — mustards,
canola, buckwheat.

— Long term stubble

— Fallow

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

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 non-AMF crop to an AMF-

dependent crop.
* Don'’t wait until after establishment!

* Torres-Barragan, A, Zavaleta-Mejia, €., Gonzélez-Chavez, 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

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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Nutrient and Moisture Access Cultivation

= AMF are wall doeumantad to access soil
rosorves of P hoyond the root zono.

+ |n the absence of inversion and with minimal
soil disturbance;
— &ail strocture is maintainedSenasion reduced.

— Spil-water dynamics are improved tinfitracian,
WHC).

— a1l blology tearthworms, fungll imprave.,
— Saoil arganic carbon (300} levels improve 7.

* They also assist other macro-nutrient
access —Ca, Mg, Kand M,

¢ And micro-nulrienls — £n, Cu, ke

= AMF also increasc drought rosistance
by accessing moisture insoil micro-
pores that raots cannot access.”

* AMF can also increass tolerance to
salinily and heavy melals’

F S T T TR TSP [0SRy TS PP BT [ e N e MK
e

Tillage and Carbon Tillage and Carbon
* Research has highlighted that when compared Mote racent re
to conventional tillage, no tillage: iz r andm

— Increases sail C

— Increases C residence time
— Improves tha guality af surface layer

* However, this research only investigated
surface harizonal

Cultivation

There s ohe thing we know withatt 3 shred
af doubt;

Maotasingle methad of cultivation improves
soil aggregation!

Acpregationis key forsoil structural stahility
and 50T protection and AMF health.

Conservation tillzze must be

=3

corsideredfirvestigated/integrated or offset!

Practicalities#
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To till or not to till?

v Home ovidence suggosts that...

+ =0'| smendmeants sach 35 animal ard
Zraen ma e, and

o plant civessity Joraa retasions mixed
craoging)

. May be maore important in
maintaining soil micrabizl activity
and diversity Lhan conservalion
tillzgr in monocultural systems.
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Soil Carbon Sequestration

= |tis astimatcd that there s prosenthy 34 times more
carbonstored: ir1 soils than there iz inall terrestrial
plant-bia it 55,

* Harige, soil m,pm_w il 4 vast potential for
secqueshermg carban lespecially mﬁ-slderl g 500
hawe declined since mtﬁnsﬂawﬂgrlwlturc]

* BEro-BCOSYEIEmE rr'rust play a key rolein th‘s proCess,

* Undertanding ml}g.ynlsrohml =hielle m-
ag“rlcmturaﬁnlts mfundar‘npnmrtn F.rtllt? thﬁ’.
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Soil Biology and SCS

* Plarts releaze -30% of their tatal
photosynthetic energy into the roat zone
as raol crudalos — supars, carbabydrales
o,

* Depending on what is happaningin the
rhiznsphere, thess exudates can patentially §
b sequoslercd inle the sail carbon pool,

3EI'EEH Manures R
SR :ﬁ:jnures L8 ;fh impﬁrtant meansto
.
sirEl'J[._ll‘fE" R ! ! ':EL'L
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y + fed piliogen ; R | A
— Brassicas 3
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Green Manures

+ Living soil cover keeps root exudates flowing
into the system feeding microbial biomass
{particularly mycorrhizal,

* Young, fresh green manures feed bacteria,

while more mature, fibrous green manures

teed fungl when incarporated.

Add microbial {fungal) inoculants whan

shallow incorporating fslashing frolling etc.

Simple Rules for Biology

* Soil Cover —ahways maintain host plants and a3
flow of roat exudates (food sauree) for
Iriology.

+ Minecral Galance - optimise plant nutrient
requirements to prevent excess nutrient.

+ Feed the soil — green manures are not a waste
of time out of production. Invest in soil
fartility! &pply carbon based fertilisers,

+ Protect soil life from disruption {cultivation]
and toxins {chemicals).

Manures
&f course Animal mandres arcavaluablesolrce
of oreanic matterand nutrients;
IThesa materials are alsoinooulated with
ricrabes from the-dnimals digestive syestem,

Tafurther enhignce the micrebial diversity of
Manures, 4 z
minimurny atd idcally cempostacls

Mandres ansshish M (grecn] inputs, balance
them with additional € {browns) and compost
o improve aenabic micrabial diversity.

Fertilisers — Organic vs Inorganic

» 200 kg/ha of nitrogen was added to the soil in
the form of:
- Armumenium rilrale, or
— Dainy manure

50il respiration and enzyme activity were higher
in the organically amended soil .

Increasing carbon in your fertiliser program will
increase microkal health irrespective of
nutrient cantent.

B T S L e B o O R P T S
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Summary

+ Composting is an ideal way to oycle waste

materials and produce a valuable soil
conditiener that is much more than just carbon
and mutrignts.

= On-farm camposting can take time to mastar,

but following a few simple rules will improve
SULCESS,

+ Be realistic with your time management —

indulge in passive, lary compasting!
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Summary

* Keep soil covered — carbon flow
* Minimise soil disturbance
* Inoculate or support AMF

Thank You.
Su__r_nm_a'ry and .
Questions?

biolifeag@gmail.com

Making the Most of Your Soil:
Getting higher quality and
yield with fewer inputs

EFAO, Ontario
6th Dec 2014

Joel Williams
BioLife Agricultural

What is a healthy soil?

Chemical

w

Physical #— Biological

What drives a healthy soil?

L
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i Physics Biology
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