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Life is AMAZING!

¢ Inside of YOU!

¢ ~2.4 million new
RBC/second!

¢ 250 million hemoglobin
each

* 600,000,000,000,000
hemoglobin produced-Trill

* 344,400,000,000,000,00
0 amino acids-Quad

+1,033,200,000,000,000,
000 bases read-Quint

« Life is AMAZING!
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etend your soil is a
Surfaces Scratched: il s g b

b

Living Soils
Small Friends
Exudate Energy
PGPR Functions

Examples

Pretty easy for me... Plant Gut?

« Berendsen et al. (2012) highlights
similarities in importance of microbes
between human and plant

: : . A o U ; k + “[The] complex plant-associated
- [ 3 microbial community, also referred
- - O —a SFen - & e to as the second genome of the
¥ - Fazw i } N A i plant is crucial for plant health.”
1 -

“In humans, the effects of intestinal
microbial communities on health
are becoming increasingly
apparent. Similar functions can be
ascribed to microbial communities
in the human gut and plant
rhizosphere.”

Coummm <




No antibiatic

Normal flora

b
Antibiotic

Disturbance

Flora disrupted

Jorro-Noghiles

No antibiotic

3

No antibiotis

d

Normal flora

lora disrupted

No €D

I risk

Think about this in terms
of pesticide/disturbance
impact on crop/soil

~FACT~
)

80% of your
immune system is
located in your

p digestive tract,
making a healthy
gut a major focal
point if you want

to achieve
optimal health.
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— Rice Coreal Oatrmeal vogurt onion Spinach Cows Milk

[intant corel)
__ Avocads waeat & Gartic Blueberries Tomatoes Strawberries

—_ Camats Whoat dorm
Banana — Beans Charries Stronger . Raspberries

Asparages eheeses
— Sweet gotato Light cheeses Sweat Pegpar elackberries

Green Bsans comicommeal
— Butterut, Basit ushroom Haney

Squash Paas Egg voLK
parsiay Cottaga Chaasa {oonsultphyst- Hard.cooked

— pumpkin | __ Summer Squash | __ Broceali eggwhite
oregine Croaen Chawse ) =

__ Oranges@
s

— Paach ___ wihite Potatoes Watermelon oot
Cianamon | __ Light cheddar mooth Mt
— batter (ot

prune Turksy
Rasemary Gouda poanat”

__ Grapefruit
2pple Cranberey
ot Cantalouper Grapes [pesled
pear Chicken e Meloas: & quartered)
Mango Pork fean) Lean Beet
Nutmeg —
Plum

Frubts may only be | Vogatobles shauld | Consull your pedia. |Canshdar trying | All chaeses ot this | Abways watch far | Citrus and ather

served raw after 8 rician before of - age de | sigs lergic

months, Bananas | baby foring yogurt. breads, and corsals | of pasteurized reaction: focial | couse rash and di
do made fram intro- | mitk. swalling, vomiting. | gestive upset.

dusced prains. diarrhea, rash ot
Watch far choking. problem breathing.

should be with your

Who are we feeding? S— V\./.h

\&ﬁ -

Organism Pounds of liveweight/acre

e R |1 one square meter of soil....

Actinomycetes - 1000

Organisms decrease
Molds — AN in size and increase
in number

Algae — —— 100

Protozoa —— 200 2 | spnguaia c0.000)

Mites (700,000)
. 00O etese o

Nematodes —— 50 ] ) Nematedes (000,000
Insects
Worms

Roots

Credit: Val Behan-Pell&tier

Bollen, Walter B. 1959. Microorga rilty. Oregon Sta il sq. ft., top 2 inches of litter

Oregon State Monographs, Stud riology, Number 1. 22 p.
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Nematode Mouth Parts

Credit: Dr. Pedro Barbosa
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Small Friends Bacteria BIG..

* So small that by
themselves, they can
not have an impact on " \Human Har

larger organisms Py
88 MICRONS

+ But anyone who has raieReN
been sick or has had -~
an infections knows
that this is not the
whole story

Micro Machines Just Tiny Blobs?
Size of Bacteria

Bacillus cells on the tip of a pin.
Plasma membrane
Cytoplasm.

Ribosomes,

100um o 10um ~ Bacterial Flagellum
Nucleoid (circular DNA)
-Based on a quick calculation, a 1 square inch by 1/8th inch colony may have over 5 trillion
individuals!

-Earth has 7 billion people

-700x population of people in 1" of bacteria!
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n S es ? ATy Bacterial movement

= b

g #

The Gran wsiive Random walk Chemotaxis

Bacterial cell wall {No stimulus) (Positiva Stimulus) T

’ reversing
w - flagellar
2 i ‘ motor
induces

PIECE OF CANDY. PR
| J

was parcese

tumbling
changes
direction

Ay Ile. .

8/10/6303/htm

The percentage of N in the roots as nitrate (blue), amino acids (green), amides (yellow) and

Huge quantities of carbon are sent to the - ureides (red). These compounds leak from the roots as exudates and are part of the plant’s
roots as exudates \ . ¢ signature to create a unique rhizosphere.

« Research shows close to 25% of
photosynthetic sugar is sent to the root

+ Some research shows 75% during
certain plant stages

oat

ung seedlings typically exude a
about 30-40% of their fixed carbon L 1 . barley
as root exudates (Whipps, 1990) - 3 corn

That is a LOT of energy h 4 g sunflower
* 1f 25%, some crops “dump” over : e beans
20,000 Ibs of exudate/acre/year
peas
radish
lupine
white clover
b) Red arrows point to droplets of root exudates
released from the tips of root hairs on the
surface of broom corn (Sorghum sp.).

functional unit in

Credit: Dr. Jill Clapperton




Why so much Energy?

e That is a lot of
energy being
released throi
the roots

* Why would a
plant do that?

« ROI?

chard Box Wirelessly lit Fluorescer

Phosphorus

Pseudmonas putida
P. fluorescens
Bacillus megaterium
Glomus

P. fluorescens phosphate solubilization

Lattobacillus casei Bacillus 5 Escherichia coli

- Suaphylococcus aureus Helicobacter pylori
Pseudomonas

A = Garden soil with zinc phosphate arden

soil only MG860 alone without zinc phosphate

D = CMG860 with zinc phosphate
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Because Plants Need Help

..y
How does it work?? >

= PGPR o

Hormone
Production

Helps in
Nodulation Uptake

Cepyright XiteBie Technologies Inc.

dish. pp 879-882. Proc. 4th Inel. Conf. Plant Pathogenic Bact. Gibert-Clarey, Tours, France

Nitrogen

Prices paid by farmers for fertilizer and prices received for all crops,
1992-2011

Index (1992 = 100)
400

== Prices paid by farmers for fertilizer
= Prices received by farmers for all crops

0 T T T T T T T T T
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Source: USDA Economic Research Service using data from USDA-NASS, and Bureau
of Labor Statistics.

With these trends, business as usual can not work!




< Dr. Arden Andersen

* “University personnel tell farmers
that they cannot generate much
nitrogen bacteria activity without
legumes. However, research in
1942 revealed that “root-nodule
bacteria of lucerne grew equally
under lucerne and under cotton.”

Azotobacter
Azospirillum
Many photosynthef

¢ Rhodospiritlum, Rhodobacter,

Rhodosphaeroides, etc...
Don't forget your vitamins!
* Mg, Fe, Mo, Nij, Co, V

Biofertilization accounts for approximately
65% of the nitrogen supply to crops worldwide
(Bloemberg et al., 2001).

“China farmers face 'exploding’

Free-living N Fixers

eguminous
1995,

watermelon problem.” -BBC Headline-

* 2011
* Chinese farmers applied
too much plant growth
regulator/accelerator

 Forchlorfenur

* When it comes to
hormones, a little goes a
long way

» Biofeedback/Nature
knows best
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Hormones

Hormones, at their core,
are chemical messengers.

Extremely small quantities.

+ ppm ppb ppt
Testosterone and
Estradiol will only
increase small amounts
(roughly 10x) during
puberty (a few ppb and
ppt)

Plant Growth Hormones

1 warvied you 2bout the hormones
in all that meat & dairy you eat.

BGR.
Eadole- v acil ey ieor

HORMONE TYPICAL AGTVITIES

Abscisic acid Maintains seed domancy and winler dormancy;
closes stomata

Auxins Promote stem elongation, adventitious root

initiation, and fruit growth; inhibit axilary bud
outgrowth and leaf abscission

Brassinosteroids  Promote stem and pollen tube elongation;
promote vascular tissue di

Indcle- acescacid
Indole -acesc acid
Gitberetic 3:d

oL aceteacid

Cytokinins Inhibit leaf division and
avillary bud outgrowth; affect root growth

Ethylene Promotes fruit ripening and leaf abscission;
inhibits stem elongation and gravitropism

Gibbereliins Promote seed germination, stem growth, and
fruit cevelopment; break winter dormancy;
mobllize nutrient reserves in grass seeds

Research shows that gut flora
impact hormone levels

Sti Nepuane



“Rhizobacteria Capable of Producing ACC-deaminase May
Mitigate Salt Stress in Wheat”

Cefl elongation and proli
1A =

v
¥ ACC synthase
- AcC
ACC oxidase | Acc saminase
' v
Ethylene /]
/| Ammonia and

/' |a-ketobutyrate. /

]
Stress respanse Bactorum

Plant tissue

hitp

SAM = S-adenosylmethionine *‘@

. Control
ACC = 1-aminocyclopropane-1- EC: 15 dS/m

carboxylic acid

Iron

« Siderophores chelate iron

» Plant feeding
Fig ing of
using CAS agar plat

« Pathogen control

on
halos were

Iron thievery
&

fungi §o

N oo
transferrin g~

Y 5 ferritin
siderophores lactoferrin
bacteria

Hipocalin 2
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Challenge Drought

Pre-treatment Paenibacillus polymyxa

Control

P. polynyxa B2 inoculated plants (A) survived drought stress two waeks longer than untreatad control plants (B). Image after
thees day drought exposure is shown. Plants were srovwn and inoculated and subsequently exposed to drought strassas

describad by Timmusk and Wagner (1999).

Protection/Biocontrol

“If you have a healthy soil, you will not need soil fumigants.”

- G.W. Bird MSU

hed in Lundberg, D.S
o, T., Ed

10
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Bryant, Univ. Delaware, 2008-
A -~

Plant roots secrete a wide range of compounds, among those sugars and amino acids are engaged in attracting
(chemotaxis) microbes (1), flavonoi gnaling molecules to initiate interactions with mycorrhiza (AM fungi)
(2), thizobium (3) and pathoges (oomycetes) (4), aliphatic a 8. ma d) are involved in recruiting
specific plant growth promoting rhizobacteria (Bacillus subtilis) te growth regulators
(cytokinins) that are in hing feeding sites in plant roots (6) and nematodes secrete other compounds
(organic acids, amino acids and sugars) involved in attracting bacteria and in bacterial quorum sensing (7).

Steve Becker

“When under attack, plants can signal microbial friends for help” -

creted by roots in the A plant root surrounded by a film of Bacillus subtilis (green fluor €) in response to an infection by a plant pathogen.

rappa, University of Delaware)

thizosphere and other multi-partite interactions (10) remains unknown
Mehear Jr, 0. 3 osphere - Ro g g In Between. Nature Education Knos o

it

Double EPA Biopesticides

Partial List:

Wh I I I I I I : J DEFENSE SIGNAL Bacillus thuringiensis

. sphaericus

* Benzoxazinoids can act as
powerful antibiotics tilis

« Protects the plant directly CEreks
. pumilus

Research has shown P.
putida is attracted DEFENCE PRIVING B. firmus

B. amyloliquefaciens
* Once attracted, help RECRUITMENT SIGNAL

protect the plant < Pseudomonas fluorescens

rhizobacteria ; Ve
Streptomyces griseoviridis

S. lydicus
Neal, A. et. al. found a corn antibiotic Trichoderma harzianum

(benzoxazinoid) to encourage chemotaxis and
growth of Pseudomonas putida.

11
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» Azospirillum brasilense

* Bacillus subtilis A e
 Bacillus subtilis

¢ Pseudomonas fluorescens
¢ Pseudomonas fluorescens

Trichoderma harzianum
e Trichoderma harzianum

H i lpopeptide profie of three Bacills
Wicrobiol. 49, (4), 1
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Phytophthora

« Bacillus amyloliquefaciens
* B. cereus
« B. subtilis
« Pseudomonas fluorescens
» Streptomyces griseovirdis

 Trichoderma

T. virens

Pythium

Azospirillum brasilense
Bacillus amyloliquefaciens
Bacillus subtilis

Bacillus cereus
Pseudomonas fluorescens

Trichoderma harzianum

IPPS-Western Region 2017
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7. harzianum T39.
(1SR)

Powdery Mildew

* Bacillus subtilis
* Streptomyces lydicus

» Trichoderma harzianum

Rhizoctonia

* Azospirillum brasilense
« Bacillus subtilis

* Pseudomonas putida

« Streptomyces griseus
» Trichoderma harzianum

and Trichoderma RUO1 on Biologi fani

tium rolfsii and R nia solan. Journal of

th Bacillus subtilisRB14. Appl

u, S, Radjacommare, R., Ra yappen, Pseudomon ens mediated antifungal activity against Rhi i causing
Phylopathol

itilis. 3. Appl
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Sclerotium And More...

Fungicidal
Azospirillum brasilense

Bactericidal
Bacillus subtilis

Nematicidal

Trichoderma harzianum o
Insecticidal

Antiviral

Dancing- Ergot/St. Anthony’s

Fire - 1518 S

Long story short, these
beneficial organisms have
a major impact on plant
nutrition, growth and
health

Established fescue side by side comparison shows results 3

Examples of PGPR in the Field: weeks post application

Result is improved: soil/plant digestive system,
plant stress management, nutrient retention, water
Crizitic Bael Bois el retention, biodiversity, and the list goes on...

14



Stress Reduction

80 Degree day

30 mph wind

Bare root trees dipped and
laid on the ground next to
hole for planting

No water until that
evening

Control

Treated

IPPS-Western Region 2017
Steve Becker

Control:

15
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treated vs untreated

More Friends...

FISH- Azospirillum brasilense ¥

Making Friends...
- 44 1 “‘":‘%’:'&.;

Phot: ol ngham ...More Options!

17
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Lessons from an Efficient
“Farmer”

« Earth worms:
« Consume low to no protein leaves
« Process in gizzard
« Mix with mucilage
* Regurgitate

#Have now created microbe
“agar”

% Microbes grow on “agar”

VR ks 3 - b) Red arrows point to droplets of root
MBS Eve & 94l Cht . eluda{es releazed from Ihg tips of
®Worms have taken low to " S » vz : root hairs on the surface of broom
no protein food and corn (Sorghum sp.).
created a protein food
source for themselves!

Indirect: ISR

“The term induced resistance
is a generic term for the
induced state of resistance in
plants triggered by biological
or chemical inducers, which
protects non-exposed pla
parts against future attack by
pathogenic microbes and

Control of Cucumber Beetles in
Field Cucumber with PGPR and Asana

INR7 BTH Control

6
[“Biocontrol against e b e
| R sounscaanum i AYe s enmben beellh g planl

A

5

.
|
|

2
1
0

Disease severity (0 - 5)

herbivorous insects.” -
Pieterse, Utrecht Univ.

[m 1993 Beeties|
| ™ 1994 Beetles|

04
90-166 INR7 Asana Control

B. pumilus

18



Incidence of Bacterial Wilt in Field
Cucumber Treated with PGPR and
Asana

Ave. % wilted vines, 1994

90-166 INR7 Asana  Control

Residue processing

food &

human and animal
leaves and | water

. P
cnmmlllﬂc‘J:onlnlum

r'd \‘
humus  carbon dioxide heat water

IPPS-Western Region 2017
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What about Microbes and Carbon?

The potyphensi theary of humus formation (Slevenson 1552)

Soil Organie Matter Extraction Test
Low MEDIUM HIGH

s % 2028% 118% ¢

19



Microbe “glue”

* Microbes produce a wide variety of
materials that help bind soil together
« Aggregation = gas exc
water storage

nge and

* Mucilaginous carbohydrates
(EPS), biofilms mycelium, hyphae,
etc... all help hold soils together

MICROBIAL AND RUNGAL
BYPRODUCTS GLUE
THE PARTICLES TOGETHER

DISPERSED STATE AGGREGATED STATE

Organic Matter

® CEC of 100 or more
® Organic matter is important for
the microbes as a source of
carbon and nutrients
® 4 or more: Can mean slow
microbial breakdown or low
microbial counts
® 3-4: Often times Ideal levels
®2-3: Good Level
®0-2: Low

Cycle alimentaire.

 Bactérl

IPPS-Western Region 2017

Glomalin

Carbon:Nitrogen

® C:N “microbial suitability” and sustainability
©30:1+ High levels of Carbon

Clapperton’s research is suggesting high C:N can have long term support
characteristics

©20:1 to 30:1 Excellent
©15:1 to 19:1 Some Carbon needed
® 1:1 to 14:1 High quantities of Carbon needed
® Depending upon form, remember that Cis necessary for N storage
® Photosynthesis and exudates = long term building

fos ot actinaycétos

_fl\ Midwest
i _\iZLaboratories nct

PAGE 1/1

£ 3
Dec 20, 2011

CARBON NAROGEN RATIO REPORY
Total Tatol

camon Hteger

190 % 020

m— Minéralisation

Cyele minéral

Steve Becker
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Porosity

Drop Test

BOUSISIBUOD PUR BINISAAN (108 40 (55) BUGTS (0N &

Graham Shepherd VSA Vol. Ill Graham Shepherd VSA Vol. Il

 All the water in the world

(1.4087 billion cubic
kilometers) including sea
water, ice, lakes, rivers,
ground water, and clouds
* 860 mile

THE WORLD'S WATER

What's the big deal about
Carbon?

TOTAL FRESHWATER:

25 35,029,000 CUBIC KM

= GAGERS AND
[ PERMANENT SNOW. 637%

GROUNDWATER: 30.06%
GROUND ICE AND.
FERMAFROST. 56%

OTHER 1.22%

s was

TOTAL GLOBAL WATER: 1,386,000,000 CUBIC KMt

21
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U.S. Drought Monitor 2.2

Organic matter builds as tillage declines and plants and residue
cover the soil. Organic matter holds 18-20 times its weight in
water and recycles nutrients for plants to use.

One percent of organic matter in the top six inches of soil
would hold approximately 27,000 gallons of water per acre!

2. RO

Reloased Thursday, July 3, 3012

S
| Water Holding Capacity 190Ibs.

1401bs.

100ibs

bs. [54,0006
I

USDA 2 @
L ] g-g\ &
Relaasad Thorscsy, July 11, 2013
Wi idroughtmoniior ualscul Ao Mo oo, WOAANWENCERCAC

CO; & H;0 loss from Low vs High Disturbance Drills

5 1.0
- @COo2 K

U.S. Drought Monitor plegut 12,200 . -
‘J h — Valld & am EOT . Evaporation
4 —— & a
A e /i

a

S

Qo

Q

o

LR

~

Q

(3]

-

None Low High
Disturbance Type

Credit: Dr. Jerry Hatfield USDA NRCS
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TEMPERATURE CHANGE BY RECARE TEMPERATURE EFFECTS ON EVAPORATION

20012012 even warmer. Every year warmer than 19908 3v6rage. el

19908 oven warmer. Every year warmer than 19808 3v0rage. el

19808 warmest decade on record at the time. e=gp

Saturation Vapor Pressure (kPa)

Change from Average (°F)

Air Temperature (C)

ET= pclp (110 =Tis) fria + pclp[els (TI0 )—ela) /y(1+ris /ria ria

18803 1850 19003 19303 13203 1930s 1540s 1950s 19603 W70s 1560 19908 2000n
Decade

Figure source: NOAA NCDC

Credit: Dr. Jerry Hatfield USDA NRCS Credit: Dr. Jerry Hatfield USDA NRCS

OM holds 18-20 times its weight in water

N RCS i One percent OM = 27,000 gallons

MICROBIAL AND FUNGAL
BYPRODUCTS GLLE

S
Water Holding Capacity 190ibs. e s tosien

140Ibs.

100ibs

DISPERSED STATE AGGREGATED STATE

23



DON'T FARM

|

!tfi

ROPS

Carbon Fertilizer

IF YOU SOIL
THIS VEHICLE
A CHARGE
WILL BE MADE

COLLECTING
LLAMA FOOF FOR MY,

STRAWBERRIES.

¥

/

e
Orgaric Matter

TALWAYS
CREAM ANP

SUBAR ON

Clay Particle

MINE,

=]
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Srumgisit oo : p e wu' olen
Credit: Dr. Jerry Hatfield USDA NRC

Microbes, Carbon, and Water

Biological soils help both plant and
soil during drought times:
Pore spaces
Aggregation
Humus/Soil Carbon
Hormones
Nutrient Osmotic Control MICROBIAL AND AUNGAL

BYPRODUCTS GLUE
THE PARTICLES TOGETHER

DISPERSED STATE AGGREGATED STATE

24



Ring the Alarm!

PGPR produce plant hormones that help control plant growth.

¢ During drought, the abscisic acid (ABA) is produced which translocates to
leaves to regulate stomata.

IPPS-Western Region 2017
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How do we build Carbon and
maintain moisture?

Short answer...
On Purpose

(a) ATP consists of three phosphate groups, ribose, and adenine.

|
N,
| " i
ochondria ove O —P—0—P—0—P—0—CH, N N =,

I

P

| | |
o

appro ately 60 kg of ATP AR N ‘ Hu" Adenine
per da ea ad Phosphate groups »‘1 H

OH OH

Ribose

INTERMEMBRANE SPACE

6.0 0 olecule G &

4,0 000,000,000,0
00,000,000 ep

==
P
==

[ e

MITOGHONDRIAL MATRIX

A rotor vithin the
membrane spins
clockvise when
H* flows past

it down the H*
gradient,

A stator anchor
in the membrane
holds the knob
‘stationary.

Arod (or “stalk’)
extending into
the knob also
spins, activating
catalytic sites in
the knob.

Three catalyic
sites in the
stationary knob
join inorganic:
Phosphate to AD)
to make ATP.



People are incredible, but...

Pretty much
everything
humans can do,
a creature in
nature can do
better.

hutp://24.media

Bears have 2,100 times better.
sense of smell than humansi 8

hitp

Vibrio fischeri

+ Marine Bacteria
« Symbiotic
- Bobtail Squid

- Bioluminescence

L con pedia hitp:/ /swww.marengel.ch/Projekte/ V:
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rnmuvv ociisilve aic Liviily

« Pain sensitivity is affected by a silent mutation as are 50+ other human
disorders,

p: i) 77
91/

+ bun—patty—cheese—pickle—mustard—ketchup— lettuce—bun
Different than
in—patty—cheese—-pickle—mustard—ketchup— lettuce—bun

ot so-silent muta

To Glow or not to Glow

ra-Species Communication
“ Instead of language, bacteria use
signalling molecules which are released
into the environment.” -Atkinson-

Quorum sensing enables bacteria to co-
ordinate their behavior.

As environmental conditions often
change rapidly, bacteria need to
respond quickly in order to survive.

These responses include adaptation to

availability of nutrients, defense against phics/contento ccies-communication jpg
other microorganisms which may

compete for the same nutrients and the Multi-Lingual Bacteria
avoidance of toxic compounds - -

potentially dangerous for the bacteria. i 4 s

Autoinducers

Bonnie Bassler

gham.ac.uk/quorum/what htm
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Erwinia carotovora

¢ Quorum sensing

* Waits until sufficient
numbers are present and
then... attack!

¢ Emits virulence factor

 Spits out enzymes to
create wound/infection
site

Simultaneously releases
protective molecules to
keep all other pathogens
away

SNEAK ATTACK

You Never See It Coming

httpi/ /rem-learn-images.s3.amazor 21 sneak-attack jp

IPPS-Western Region 2017
Steve Becker

Long Term

Dr. James Collins - Boston Univ.
“In studying the development of
antibiotic-resistant strains of bacteria,
the researchers found that the
populations most adept at withstanding
doses of antibiotics are those in which a
few highly resistant isolates sacrifice
their own well being to improve the
group's overall chance of survival.”
Indole — Signal Flare
* Encourages biofilm and station:
phase hitps://experiencelife.com/wp-<ontent/ uple
* Hurts/costs individual
Over 85 species have been found
“Single shot” approaches may
miss “sleepy” individuals
Biological approach
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