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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/



In Oct. 2017

UKenvironmentalsecretary,Michael Gove, warned
that the UKis 3340 years away from
eradication ofsoll fertility.

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,
Industrial or urban uses

About 1/3 of the world's soll has already been degrade



Soil degradation

S every ton-of food produced T
we Iose 7 tons of seﬂ by ‘f‘-’"
T & ./"' )

http://www.farmlandlp.com/2012/01/oneacrefeedsa-person/

David Montgomery, Professor of Geomorphology, Washington University :/h
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practices, soil biology, climate change, and humagalth
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My Investigation

Afascinating 4 year journey into current agricultural
practices, soil biology, climate change, and humiagalth.

| learned about some amazing advances that have been
made In the las0 to 30years and especially in the arena of
a2Aft oA2f23¢& | YR cdmpR@NAE Il YR,

| benefitted from4 courses that kompletedfrom one of the
pioneers of this new revolutionDr. Elainedngham
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If we change the way we do agricultural in responsethe recent
revolution in soll biology, wecan:

1) rapidly reverse soil degradation,

2) avoid the looming collapse ddgriculture,

3) reduce chronic disease epidemics,

4) and goa long way to solving globatarming.
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They are all connected and the solution may not be that
expensive as nature can do a lot of the work.



TKS WD22R bSgaQ 6KAOK Aa m?
If we change the way we do agricultural in responsethe recent
revolution in soll biology, wecan:

1) rapidly reverse soil degradation,

2) avoid the looming collapse ddgriculture,

3) reduce chronic disease epidemics,

4) and goa long way to solving globatarming.

They are all connected and the solution may not be that
expensive as nature can do a lot of the work.

The real challenge is to reducate ourselves in the limited

time frame available. :
The Washington Post ;
The world has barely a decade to ‘

avoid disaster. We need to combat
climate change — now.

OCT 8, 2018 L
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https:// www.youtube.com/watch?v=6tJIKA|Djjo&index=6&list=PL4J8PxoptBEIAScBBn9NYT6CMX8a

Laptop link
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Shotcut/Soil Health PSA - Astronomer Dr. Laura DanlySht.mp4
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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 .




i The Soil Food Web

Image courtesy of USDA Natural Resources Conservation Services

‘\xﬂ__{f_\\\\.\ http://www.nrc.usda.gov/wps/portal/nrcs/main/soils/health/biology
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Here are some of the microscopic and visible actors in the soil food web
Understanding their roles is key to appreciating the new revolution in soil biolc



T The Soil Food Web

¢ Image courtesy of USDA Natural Resources Conservation Services
\‘\.\_/\\ http://lwww.nrc.usda.gov/wps/portal/nrcs/main/soils/health/biology
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Bacteria and fungi are at the base of this predafprey relationship
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https://blogs.scientificamerican.com/artftamoeba/theworld-s-largestmining-operationis-run-by-fungi/

By Jenifer Fraser on November 5, 2015

The World's Largest Mining
Operation Is Run by Fungi

Thinsection micrograph
of a tunneledfeldspar.

Box4 I(c) fromLandeweert et al2001

Ref: Renskeandeweert
et al."Linking plants to
rocks:ectomycorrhizal
fungi mobilize nutrients
from minerals"

Trendsn Ecology & Evolutiolb,
no. 5 (2001): 24@54.

SUBSCRIBE AMERICAN. English Cart Signn | Register Q

return


http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf
http://www.researchgate.net/profile/Thom_Kuyper/publication/223028235_Linking_plants_to_rocks_ectomycorrhizal_fungi_mobilize_nutrients_from_minerals/links/546cca6d0cf2a7492c55aa1a.pdf

SCIENTIFIC Erglich Sion n | Regicter
SUBSCRIBE AMERICAN. Englis Sig egiste

THE SCIENCES MIND HEALTH TECH SUSTAINABILITY EDUCATION VIDEO PODCASTS BELOGS STORE

https://blogs.scientificamerican.com/artftamoeba/theworld-s-largestmining-operationis-run-by-fungi/

By Jenifer Fraser on November 5, 2015

The World's Largest Mining
Operation Is Run by Fungi

Thinsection micrograph
of a tunneledfeldspar.
Box4 I(c) fromLandeweert et al2001
Ref: Renskeandeweert
et al."Linking plants to
rocks:ectomycorrhizal
fungi mobilize nutrients
from minerals"

Trendsn Ecology & Evolutiolb,
no. 5 (2001): 24@54.

Whenwe kill off the soil microbes with current agricultural practices,
we shut downy I (I deNdh@ éperation and turn living soil into dirt.
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The important role of the microscopic predators
The bacteria and fungi store the nutrients in high concentrations in their bodies
because they need them for life.
¢ KSANJ LINBRIi2NA R2y Qi ySSR adzOK KA3
the excess in a plant available form.
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We need a hierarchy of predators to preserve a stable balar
of predators and prey.
In Nature high biodiversity translates to population stability.
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The Soil Food Web (some of the key players)
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The bacteria and fungi are concentrated right next to
the plant root because the plants attract and feed them
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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




d 2 K dlolyou makeavhen you
mix sugar, a carbohydrate lik
flour, andprotein likeeggs
and milk?

¢KFEGQa | NBO
cookies.So theplant is

putting out cakes and cookies
to attract theY A ONR 0 &

Dr. Elaindngham



Plants also release
exudates through
their foliage.

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.



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)



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

The panel above depicts the root systems of two identical plants.
The one on the left is planted in dirt.

The one on the right is planted in soil with a healthy food web givir
rise to a mycorrhizal fungal network.

The network greatly extends the root area for
extracting nutrients & water



Mycorrhizal
Fungal Network

Hypha mycelium network
increases active root surface for

nutrient acquisition up to

Throughthe work of researchers like Profess&@uzzan&imard
of the University of British Columbia, we now know that fungal
networks can linkplantstogether in aWood Wide Welallowing

them to exchange signals as well as nutrients.
NATURE|VOL 388|7 AUGUST 1997



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 BYj 2.0



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 _702677.jpg



About 20 years 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
Mr. GEM




Tillage and planting: impaabn carbon and soifuality
Dr. DonReicoskyUSDAARS

M=Mobile MR. GEM

R. = Research
G = Gas

E = Exchange
M = Machine
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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 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




Soil health lessons In minute

by RayArchuleta, USDA

Water infiltration test: shows how healthy soil can infiltrate
and capture much more of the rainfall and store it in the soill.
This alleviates drought and prevents soll erosion

Permission granted bYJSDA Natural Resources Conservation Service

https:// www.youtube.com/watch?v=Rpl09 X Pwf

Laptop link

Each soil sample used in the demonstration was air dried


https://www.youtube.com/watch?v=Rpl09XP_f-w
https://www.youtube.com/watch?v=Rpl09XP_f-w
https://www.youtube.com/watch?v=Rpl09XP_f-w
https://www.youtube.com/watch?v=Rpl09XP_f-w
https://www.youtube.com/watch?v=Rpl09XP_f-w
videos/Soil health lessons in a minute- benefits of no-till farming_WMV V9.wmv

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 ItEhCrLoQ

Laptop link

Each soil sample used in the demonstration was air dried


https://www.youtube.com/watch?v=9_ItEhCrLoQ
https://www.youtube.com/watch?v=9_ItEhCrLoQ
https://www.youtube.com/watch?v=9_ItEhCrLoQ
Shotcut/Soil health lessons in a minute- soil stability testSht.mp4

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 Stratfordlexas 1935.
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Ol AY UKS mMdponQa 6S KIR y2 ARSI

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 5 July 2011
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Credit !(;Xy Lopez (CW \‘\\w

https:// Commons.wikimedia:org/wiki/File: DUStStOfmeg o i etirethepow




Time to Retire the Plow

? Er'osuon§4 I~ ~ Consider
Save Carbon. ‘e, i>*—— biological

~—
)

Conventional Agric.



https'://\/;/ww.youtube.@om/wajch?v: t3zIgO0ZvU
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Fortoo long we have relied on technology to carry out
chemicalwarfare against microbes, weedsnsects,
and nature,
only to discoverwe are killing ourselves.



The Largest Use of Antibiotics Occurs In Agricultur

Glyphosatg& (U KS | OGA GBS Ay 3INBRAS yida brhagd spc8uid
antibiotic. 39 times more Glyphosate issedthan all the antibioticsin medicine US).
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Dr. Zach Buslhttps:// www.youtube.com/watch?v=HL60PzQe9ls
http://winewaterwatch.orq/2018/01/glyphosates-billionspoundsof-this-poisonsprayedlastyear
Dr. Rob Knight https:// www.youtube.com/watch?v=2iKHMyWzcIM



https://www.youtube.com/watch?v=HL6OPzQe9Is
https://www.youtube.com/watch?v=HL6OPzQe9Is
http://winewaterwatch.org/2018/01/glyphosate-5-billions-pounds-of-this-poison-sprayed-last-year/
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https://www.youtube.com/watch?v=2iKHMyWzclM
https://www.youtube.com/watch?v=2iKHMyWzclM
https://www.youtube.com/watch?v=2iKHMyWzclM

TheHumanMicrobiome
FO1 AY Hnannn 6S RARYQU (y29

2S RARYQUO 1y2¢6 0KIFOG 2dzNJ KSI f
microbes living in our gut

That these microbes outnumber the cells in our body by 10 tim

We depend on these microbes
A to help digest ourfood
A produce certainvitamins
A make neurotransmittersfor our brain
A regulate our immune system

Now we know!
but are our antibiotics destroying them?

Dr. Rob Knight https:// www.youtube.com/watch?v=2iKHMyWzcIM



https://www.youtube.com/watch?v=2iKHMyWzclM
https://www.youtube.com/watch?v=2iKHMyWzclM
https://www.youtube.com/watch?v=2iKHMyWzclM

Top 9First World Epidemics (Jan. 2019 Dr. Zach Bush)

Data for the US https:// www.youtube.com/watch?v=HL60OPzQe9ls

Autism 1:36  (in 1975 one in 5000 children with autism, by 2010 one in 100)
by 2035 expect to hit 1:3 children with autism

Asthma 1:10

Attention deficit 1:8

Allergy 1:4

Diabetes 1:4

Obesity 1:3

Major depression 1:2

Cancer 1:2 (expect this to reach 70% by 2035, does not include skin cancers)
Infertility 1:4 females infertile 1:3 men infertile

In 1965, 4% of the US population had a chronic disease

Today, 46% of the children have chronic disease


https://www.youtube.com/watch?v=HL6OPzQe9Is
https://www.youtube.com/watch?v=HL6OPzQe9Is
https://www.youtube.com/watch?v=HL6OPzQe9Is

We clearly have to change the way we do agriculture.

If we use our new knowledge of solil biology we can farm
gl ea O0KFGO R2y Qi NBIj dzA N
that are killing us.
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and animals ceevolved together
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and increase soil carbon. Adding fertilizeupsets this ecology.

-Nature has plants covering the ground year round



Alternative Agricultural Model
bl GdZNBEQa 61 & O600AZ2YAYA

-NatureR 2 S Zphpv@ar till the soil

A certain amount of disturbance by animals is natural as plants
and animals ceevolved together

-Nature favorsbiodiversity
A typical natural prairie grassland has over 100 different plants
living together in a mutually beneficial symbiotic relationship.

-Natural soil is full of living microbes

They provide all the nutrients plants need, protect against disease,
and increase soil carbon. Adding fertilizeupsets this ecology.

-Nature has plants covering the ground year round
bl ddz2NBEQa 6Fé& Aa adzaldl Ayl of S



Move toregenerative agriculturevhere we
rebuild the soil biology and
sequester more carbon at the
same time as we grow food



Move toregenerative agriculturevhere we
rebuild the soll biology and
sequester more carbon at the
same time as we grow food.

Sincemost agricultural soils have been degraded this is not
a situation we wantto sustain¢ so we need to move
beyond sustainability to regenerative agriculture.

Some useful examples:
-Gabe. N2 gy Qa &aiG2NRBY tmeFl NYSNJ I KSIR 2F KA
https:// www.youtube.com/watch?v=GxIyKfWf9kU

-DIF0S . NRgyYy Qi 2 A22Q W5 A NJi

- Jeff Moyer, Rodale Institute 2054 W ¢ S NEBavey Crapa fgr Maximum Sy S F A
https:// www.youtube.com/watch?v=FBt1OH6yIP4



https://www.youtube.com/watch?v=GxIyKfWf9kU
https://www.youtube.com/watch?v=GxIyKfWf9kU
https://www.youtube.com/watch?v=FBt1OH6ylP4
https://www.youtube.com/watch?v=FBt1OH6ylP4

Soil water holding capacity depends on soil carbon ™
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Soil Carbon %

Dr. David JohnsorNew Mexico State University  httpdwww.youtube.com/watch?v=79gpP0Om7SaY &t=6s

Rebuild biology



How to rebuild the soll 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 soil microscope.
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feed the microbes.



How to rebuild the soil biology?

A By inoculating the dirt with a thin layer of compost or by
spraying with a compost extract or compost tefaade
from the compost. ekl S |

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

A Ensure a good cover of plants providing root exudates to
feed the microbes

A Stopplowing and stop using synthetic fertilizers, herbicide
and pesticides

t KAf DNBFI2NEBI "YerKISLIBI NBADY 2¢FK |
https://www.phas.ubc.ca/gregory/papers/MagicOfSoilChapter2Bsht.pdf



https://www.phas.ubc.ca/~gregory/papers/MagicOfSoilChapter2Bsht.pdf
https://www.phas.ubc.ca/~gregory/papers/MagicOfSoilChapter2Bsht.pdf

What about livestock grazing?

According to the UN Food and Agriculture Organizattizfoof
agricultural land is used for grazmg
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The areas irbrown are dryland regions that ar¢he current and former
grasslands of the worldavhich are turning or have turned to desert.




Desertification

Conventional wisdom has it that one of the main causes o
desertification Is overgrazing by herbivores like cattle, shee|
and goats. This is especially true in drought prone regions.



Desertification

Accordingto the African biologist Allan Savory, we were
once just as certain that the earth was flat.

Hehas shown, It Is not abouthe number of animals,
it is all about timing



Desertification

L JoQr&ailure to manage plant recovery time that leads to
overgrazing and land desertificatian



R

Continuous grazin@s a common practicén which livestock have
unrestricted accesthroughout the grazing season.
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Wildebeests only safe
Inside the herd.

¥ Cred|'t Kevm”l?luck( BY 2. O) et
co mQﬂszklmedla orgIW|k|/




Herd hagto keep moving.to-avoiceating their own
ausS az -R2yQu  -3ISu-—-u2

By the time herd returns from
their migration the grass is fully
grown and ready to be eaten.

So timing is the key!
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How can humans imitate nature?
One method: use electric fence to emulate the predator:




















































































