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Thermal Composting Workshop
Hosted by Jessica Mitts of the
Grafton Community Gardens

Speakers:

Phil Gregory: UBC Professor Jo Castaneda Tobias: soil food
and creator of web consultant Vancouver
The Magic of Soil video www.rootshootsoils.com

Dates:
April 6, 7pm “The Magic of Soil: Second Chapter”: a
presentation at BICS on thermal composnng as a tool for
restoring soil biology.

April 7, 1pm, Assemble a
thermal compost at the
Grafton Community Garden.

May 12" Biological analysis
of the compost and making
compost extract that
participants take home.

Workshop Fee: By donation.
Suggested amount $20-$50

To sign up for the event or to learn more:
landheartandsky@gmail.com

http://graftonlake.ca/gardens/
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A Food security and climate change challenges

A Recent revolution in soil biology offers a way forwarc
A Regenerative agriculture and what it can do for us

A Composting key to rebuilding soil biology

A Thermal composting

A Planning considerations
A 2017successful example
A 2018recipe

A Ways to apply compost
A Making compost extract
A Effect on soi
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THE SCIENCES MIND HEALTH TECH SUSTAINABILITY EDUCATION VIDEO PODCASTS BELOGS STORE
£.% REUTERS

SUSTAINABILITY

Only 60 Years of Farming Left If
Soil Degradation Continues

Generating three centimeters of top soil takes 1,000 years, and if current rates of
degradation continue all of the world's top soil could be gone within 60 years, a
senior UN official said

By Chris Arsenault (Thomson Reuters Foundation), Dec. 5, 2014

https://www.scientificamerican.com/article/oniN60-yearsof-farmingleft-if-soikdegradationcontinues/



Oct. 2017

UKenvironmentalsecretary,Michael Gove, warned
that a | i¥30-40years away from
eradication ofsoil F SN A€ A (&

a lyot drench soil in chemicals that improves yields ... but ultima
you are Cgtting the ground away from beneath your own feet.
CINXY¥SNAE (1y29 0KFIOGZ¢é a4l AR D2OS

https:// www.theguardian.com/environment/2017/oct/24/ul80-40-yearsaway-eradicationrsoikfertility -warnsmichaetgove

https:// www.theguardian.com/environment/2018/mar/21/européacesbiodiversityoblivion-after-collapsein-french-bird-populations
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The primary causes of soil degradation include:
Plowingor tilling,
Chemicalintensive farming,
Current livestock management,
Deforestation,
Globalwarming.

Average North American eats about 1 ton of food each yea
Conventional agriculture uses one acre to grow that much food.

http ://www.farmlandlp.com/2012/01/one -acrefeeds-a-person

At the same time we losé® to 7tons of soll per acre each year

http://www.cornandsoybeandigest.com/soithealth/economicssoil-loss
Prof. David Montgomery, Washington University https://www.youtube.com/watch?v=c4@6D8aA
Proceedings of the National Academy of Sciences, 08/2007, Volume 104, Issue 33, pp-1132/68
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My Investigation

Decided that | needed tanvestigate the subject to make my
own assessment and to discover what if anything could be
done.

Thisled me on a fascinatinghree year journeyinto current
agricultural practices, soil biology, desertification, and grazing
practices.

| learned about some amazing advances that have been me
In the last20to 30years and especially in the arena of soll
oA2f238& YR dzy ROM@ElexityYRAY I VY

| benefitted from4 courses that kompletedfrom one of the
pioneers of this new revolutionDr. Elaindngham

The good news



Here Is thegood news!

We now possess the knowledge to:

1) rapidly reverse thedegradationof soils

2) sequester much of the excessmosphericcarbon
(perhaps all of it) irnthe soll,

3) and mitigate the root cause oimuchof the suffering
In Africaand the Middle East caused by the collapse o
agriculture.

C2NJ RSOl Af a &S Fhe Magic of B@lk¢ dzo S



https://www.youtube.com/watch?v=AWILIYSf5ts

The GoodNews

Theyare all connected and the solution may not be
that expensive as naturean do a lot ofthe work.

The realchallenge is to reeducate ourselves in the
limited time frame available.

C2NJ RSOl Af a &S Bhe Magic of B@lz¢ dzo S



https://www.youtube.com/watch?v=AWILIYSf5ts

Microbes are the secret behind healthy soil.

Each teaspoon of healthy soil contains as many microbes as

the population of humans on earth.
] Foaatt B .
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of nature




Plants are the

conductors of

this symphony
of nature

Up to 40% of the sugars,
carbohydrates and
proteins that plants

produceare released
from their rootsto
attract and feed the
microbes the plant
requires

Called root exudates




cookies.

Dr. Elaindngham




Plants also release
exudates through
their leaves.

In healthy soil conditions
leaf surfacesre covered by
microbes held to the plant :
by the strong biotic glues. -
That protective layeis one
of VY | wazbfladdigving
disease suppression.



Natures Bartering system

Plants releasearbon
compounds to attract and ©
. . .\‘ o
feed soil microbes. 4

In return the plants receivé
approximately 38 other
elements that they require -

&



Bacterla and fungl bund son structure

4§ Together they build
| underground cities for
1 the microbes to live in.

SNV

T IagecredltUN FAO
microaggregatgtoo small to see by eye

Bacteriasecrete biotic glues that?
stick soll mlnerals and organic

microaggregates

Fungal strands (right) tie
microaggregatesogether
forming aggregates (5 mm)



Current Agricultural Practices

- Plowing or tillage
Growingof monocultures irthe belief that
diversitymeanscompetition.

Application of chemical fertilizers, herbicides and pesticdes

https:// commons.wikimedia.org/wiki/File:Potato_blight_spraying_system.jpg
Credit: Chafer Machinery (CC BY) 2.0



http://besidethetrail.ca/hatsnhospitalitea/wp-content/uploads/2010/07/potato_fields.jpg

Current Agricultural Model Unsustainable

For a start, we usd.0 calories of fossil
fuel to producel calorie of food

https://blogs.scientificamerican.com/plugged/ 10-caloriesin-1-calorieout-the-energywe-spendon-food/

https:// commons.wikimedia.org/wiki/File:Potato_blight_spraying_system.jpg
Credit: Chafer Machinery (CC BY) 2.0

Soilis being lost at
between 10and 40 times
the rate at whichit canbe

naturally replenished.

K http://world.time.com/2012/12/14/what-if-the-worlds-soilruns-out/


http://besidethetrail.ca/hatsnhospitalitea/wp-content/uploads/2010/07/potato_fields.jpg

Plowing slices and dices
the soil structure built by
bacteria and fungi with
their biotic glues- turning
living soil into dirt.

L e Credit:Aalang(C
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https:// commons.wikimedia.org/wiki/File:Feeding

_Frenzy Faulston_Farm-_geograph.org.uk _702677.jpg



Credit: TristSteel, *» [SAS

Those underground cities were
home to a diverse ecosystem

~< capable of providing all the
. :ﬁ nutrients plants required without
s = ol st | the need for chemical fertilizers.
e )\ . | \

https:// commons.wikimedia.org/wiki/File:Feeding

_Frenzy Faulston_Farm-_geograph.org.uk_702677jpg



Soil health lessons In minute

by RayArchuleta, USDA

Soll stability test: comparison of healthy solil with lots of
microbes creating biotic glues and fungal strands that hold the
soll together, to soil that has been turned to dirt by repeated
plowing.

Permissiongranted by USDA Natural Resources Conservation Service

https://www.youtube.com/watch?v=9 [tEhCrLoQ

Each soil sample used in the demonstration was air dried


https://www.youtube.com/watch?v=9_ItEhCrLoQ

Soll Erosion

Without the biotic glues and living plant roots, soll
IS easily washed away by rain or blown away during
periods of drought, creating massive dust storms.



Dust storm approaching Stratfordlexasl935

'l'“ ”&L.i '

Backinthel930Qad ¢S KFR y2 ARSI K2g L} 26A

Credit: NOAAGeorge E. MarsAlbum (Public Domain)
https:// commons.wikimedia.org/w/index.php?title=Special%3ASearch&profile=default&search=

2015+dust+storm+Colorado&fulltextSearch&uselargen



Dust storm Phoenix July 2011

*?" %by

A »

Credit !(;Xy Lopez (CW \‘\\w

https:// mmons w kimedia-org wiki/File: Duststorm Jp9g




Time to Retire the Plow

Consider
blOlO | l,




About 20years ago it
was discovered that
plowing releases
additional soil carbon
Into the atmosphere as
climate warming CQ
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It . Dr. DonReicosky USDA
Effect of t”“ng on CQemISSIOn AgriculturalResearch Services

12 Aug., 1998 Plow Depth Study Swan Lake Farm
24 hour cumulative CO, losses (g CO, m*)

162
137

11

——_—
Soil Surface (GNAYAG]

Not Tilled

Improved analysis allowing for weatheinduced temporal variability
D.CReicoskynd D. W. Archer, Soil and Tillage Research, Vol. 94, Issue 1, ¢211,02007




Tillage and planting: impaabn carbon and soifuality
Dr. DonReicoskyUSDAARS

M=Moble MR GEM

R. = Research
G = Gas

E = Exchange
M = Machine

2 -y~ » At 3 { R
B R AL ) Al T } i
i M o g DTl Bl W

http://www.fairfieldswcd.org/Attachments/Soil%20Quality. pdf



It . Dr. DonReicosky USDA
Effect of t”“ng on CQemISSIOn AgriculturalResearch Services

12 Aug., 1998 Plow Depth Study Swan Lake Farm
24 hour cumulative CO, losses (g CO, m*)

162
137

11

——_—
Soil Surface NAYAVG]

Not Tilled

Improved analysis allowing for weatheinduced temporal variability
D.C.Reicoskyand D. W. Archer, Soil and Tillage Research, Vol. 94, Issue 1, pplA092007




It . Dr. DonReicosky USDA
Effect of t”“ng on CQemISSIOn AgriculturalResearch Services

12 Aug., 1998 Plow Depth Study Swan Lake Farm
24 hour cumulative CO, losses (g CO, m-2)

r

162

11

——_—
Soil Surface (GNAYAG]

Not Tilled

Improved analysis allowing for weatheinduced temporal variability
D.C.Reicoskyand D. W. Archer, Soil and Tillage Research, Vol. 94, Issue 1, pplA092007




Much of current industrial agriculture is about killing:
weeds,
fungi,
Insects,
biodiversity,
soll biology,
nutrition,
soll carbon,
soll water holding capacity,
soll itself,
sustainability,

YR S@OSYy TI NX¥SN

We need to retire most current agriculture practices



One solution to these problems is to move
to regenerative agrlculture/vhere
S NBAUZ2NB VY I 0dz2NBEQ
WhICh can sequester carbon,
build soll and store more water,
at the same time as we grow food.



v

| 2t RAY 3

~

S NJ

2|.

[ 2Af

Dr. David Johnson The Beam Approach hitpsvw.youtube.com/watch?vZ9gpRom7SaY &tés

Soll water holding capacity depends on soll carbon

120,000

8
8

-\

-\

\

20,000

0.00

2.00

3.00

Soil Carbon %

$.00

6.00




Video showing the connections betweesoll
biology, solilcarbon, climatechange, and
food Security

ad¢KS [ 2 Af B
wasproduced by Kiss the Ground anah&ratedby the Carbon

Underground President LarKopald
It is open source and free to use for educational purposes.

https:// thecarbonunderground.org/theearbonundergroundpresidentlarry-kopaldnarratesthe-soikstory/

PRODUCED &PRESENTED BY



https://thecarbonunderground.org/the-carbon-underground-president-larry-kopald-narrates-the-soil-story/

How to restore the soil biology?

A By inoculating the dirt with a thin layer of compost or by
spraying with a compost extract or compost teaade

from the compost.

It Is Important to ensure the
compost Is teeming with a
good selection of soil microbes
using a solil microscope.




A By ensuring a good cover of plants providing root exudatt
to feed the microbes.



A By ending plowingand stopping the use ofsynthetic
fertilizers, herbicides and pesticides.



Now that we understand the important role
2T azAaAf oAazfz23esxr f S
first class biologically active compost



Many different ways to compost(two examples)

Hot or Thermal Compost(takes 1month) aerobic, 50% moisture optimal
A Kills human & plant pathogens, pest larvae and eggs, weed seeds,
and root feeding nematodes
Beneficialbrganisms caeither survivethat temperature orgointo dormant
stages during the high temperatuphase. Fungal content slowly increases wit
time following cooldown (time scale 6 months to a year) and will happen in tl
pile or in the soll if the compost applied sooner.

A Wamning:tK Ay 3a KIFLILISY ljdzaAolte Ay (0KS
for a weekend or it might catch on fire.

Worm or Vermicompost (3-6 months) aerobic, 6&/0% moisture
A Worm digestion destroys pathogenpest larvae and eggs,
and root feeding nematodes
WormsR2y Qi (1 Aff 6SSR aSSRa
Thesame benefits extend to contact with the outsidetbé worm.

A Things happen slowly so you can leave the compost unattended for periods of tir



2017 Thermal Compost




Planning considerations for compost ingredients

1. Diversity of ingredients good for diversity of bacteria and fun
A With good diversity, there are always some microbes
providing the plants witmutrients no matter what the
weatherconditions.



Planning considerations for compost ingredients

A With good diversity, there are always some microbes
providing the plants with nutrients no matter what the
weather conditions.

2. What plants do we want togrow?
A different plants prefer different fungal/bacteria ratios
A most composts are low on fungal matter



Plant succession ladder in terms of Fungal to Bacterial R

Where our soll Is and where we want it to be

T ‘R =100 :
A F:B =100:1 to 1000:1 Conifer, Old Growth Forests
F:B8 =9:1% 100:1 Deciduous Trees QE,
E:B =2:110 5:1 shrubs, Vines, Bushes [
o =
F:B=1:1 : L
Late Successional Grasses, Row Crops 8 S
F:B =0.75 %
Mid-grasses, Vegetables u;, g
F:B=0.3 c T
Early Grasses, Bromus, Bermuda ‘w O
V¥ ( FB=0.1 | 3 o o
Weeds (High NO,, Lack of Oxygen) o
= £ = 0'01(:yanobacteria_. True Bacteria, Protozoa, Fungi, Nematodes 8
< 100% Bacterial . =
2N Bare Soil Parent Material Y,
Where we are currently in " i Elaine Ingham- www. soilfoodweb.com
agroecosystems!

Dr. David Johnson NM State Univ.  hitpsvw.youtube.com/watch?v=dmj611RfBgs




Chile Pepper Plant Growth ihO Different Local Composts

Dr. David Johnson, New Mexico State University

Greenhouse Trials

Dr. Davidlohnson NMSU http#/holisticmanagement.org/wpcontent/uploads/2015/05/Quivira_Johnsonl.pdf



Chile Pepper Plant Growth in 10 Different Local Compo:

Chemical and biological analysis of the different composts

seatumn | ommt | "0 forgrommg| St | STROR | opuu (TR o | e
momths)
Trial Number 1 2 3 4 [ B 7 g 10 12
%% Saturation 122 110 237 121 014 111 115 117 126 156
Calcium (meg/L) 96.6 7.48 7.34 436 544 437 728 7.50 6.9 10.1
ESP (%) 273 21.3 12.1 32.3 393 309 284 21.7 1 3.2
Copper (ppm) 3.96 §.39 18 4.4 15.29 972 277 557 143 1.81
EC (mmhos/cm) 581 153 11.7 40.5 3599 66.3 60.3 6.05 2.92 3.84
Fe (ppm] 65.1 194 9 3958 | 5205 146.5 5923 4116 | 7444 7.97 1549
K (ppm) 13300 3640 4450 | 7480 102 15600 11700 475 045 1010
Mg (meq/l) 65.1 8.02 8.01 31.3 3.71 55.7 57.8 383 3.53 10.8
Mn (ppm) 5.66 24.19 4517 | 6.74 13.61 6.26 7.64 16.4 1289 [ 2216
NO3-N (ppm) 30527 12.2 305 4.7 10576 19719 | 21153 5.1 191 2013
Org Matter (%) 2135 19.23 385 | 2088 16527 20.05 18.44 20.1 1457 [ 16.54
pH 7.2 8.5 7.8 7.5 0.6 [ 7.1 7.7 79 7.78
P (ppm) 7526 482 .1 8694 | 9578 | 22859 434.7 3656 | 2989 6269 [ 8354
Na (meqg/L) 237 534 282 203 95.6 220 224 47 6.21 10.1
SAR 26.36 19.18 1018 | 3347 47 N 2772 | 1967
Zn (ppm) 329 63.67 2434 | 2652 43.82 28.11 28.72
Fungal:Bacterial 0.027 0.007 0.031 | 0.003 0.067 0.060 0.194
Growth Volume (mL) 3804 732 2994 | 1680 1096 7984 ge23
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Dr. David JohnsorNew Mexico State University
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https:// holisticmanagement.org/wsgontent/uploads/2015/05/Quivira Johnsonl.pdf
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Mycorrhizal
Fungal Network

Fungal hyphae are long
thin strands, invisible to
the naked eye.

Mycelium is a visible
network orbundle of
hyphae, for example
mold on spoiled food.

Hypha mycelium network
increases active root surface for

nutrient acquisition up to

Another benefit provided by certain types of Fungi



Planning considerations for compost ingredients

A With good diversity, there are always some microbes
providing the plants with nutrients no matter what the
weather conditions.

3. Chlorine and chloramine in water supply
A can kill your bacteria and prevent pile heating up
A adding a small amount ohumicacid will solve that



Planning considerations for compost ingredients

A With good diversity, there are always some microbes
providing the plants with nutrients no matter what the
weather conditions.

4. Avoidinputs high in herbicides and pesticides (organic best



2017 Recipe measured in 5 gallon bucket units

15% high nitrogen Fresh organic chicken manure 4 uni

party food Beer mash (spent grains) 2 ur
(C:N aroundl0:1)

30% greens Freshcut grass/reed (no chemicals) 12units
(C:Naround30:1)

55% browns Alder wood chips (aged 5 months) 22




2018 Workshop recipe in 5 gallon bucket units

15% high nitrogen | Fresh organic chicken manure 4 units

party food Beer mash (spent grains) 0.5 ur
(C:N around 10:1)

27% greens Organic spoiled lettuce units ¢
(C:Naround 3:1) Coffeegrounds

58% browns Alder wood chips (adgechonths) 17.5units
(C:N abovel00:1)  Conifers aged until no distinctive odour

100% Total = 30 units = 150 gallons



Organic Chicken Manure from Rabbit Farms in Richmo
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Building the base

To allow air access
through pile bottom



