Biologically
Enhanced
Agricultural
Management

Regenerating the Diversity of Life in Solls
Hope for: Farming, Ranching, Environment and Climate!
O




BiologicallyEnhancedAgricultural Management

TheBEAMapproach views solls from a
d 2a0SYad tSNALISOUAD

and includes all practices that enhance or
Improve populations of beneficial microbes in
the soil microbiomel!
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BiologicallyEnhancedAgricultural Management
BEAMpractices include:

A NO, or Reduced Chemical inputs or disturbance from tillage

A Yearround Living Roots from Full Time Ground CowéiCover Crops
and/or Commodity Crops

A Implementation of livestockusing Adaptive Multipaddock Grazing

methods for range management. )
2 NIX ©
A Inoculation with Beneficial Microbegi.e. from a Johnson Su
Composting Bioreacto!; )
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https://youtu.be/DxUGk161Ly8

Microorganisms have shaped almost every facet of
development on this living planet for the last 4.2 billion
year s é

They have accomplished this by:

Increasing System Biodiversity

and

Improving the Efficiency of the
Capture, Storage and
Utilization of Energy



Land Plants & Glomeromycota
~400 to 500 MYA

Multi-cellular Photosynthesmng\s

Organisms
~700 MYA

First Single —

230-65 Ma:
Dinosaurs

4550 Ma:
Formation of the Earth

Humans
Mammals
Land plants

Animals
Muilticellular life
Eukaryotes

Prokaryotes __

Water
4.2 BYA

Bacteria
/ ~4 BYA

Cyanobacteria

Cell Animals Anoxygenic
~750 MYA Photosynthesis
~3.8 BYA
Aerobic
Respiration | Mitochondria . .
18-times Evolved wogen Fixation
increase in ~1.45 bya T~ ', ~3.2 BYA
Energy Use '
Efficiency Ozone Layer

Multicellular Life /

~1.6 bya

Fungi
~2.2 BYA

F
David C. Johnson PhD.

davidcjohnson@nmsu.edu



Microbes
are the
Foundation
of
Every Organism
and
Ecosystem
on this
NLI ving

http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography

T
F

David C. Johnson PhD. davidcjohnson@nmsu.edu




: 1 Quadrillion Resident Viruses
Cell Count Comparison ?

The human
microbiome IS
comprised of all the:

A bacteria,

A fungi,

A protozoa and 90 trillion

A viruses microbial
INn our bodies cells

https://www.youtube.com/watch?v=i-icXZ2tMRM
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Gene Count Compariso Oral Microbial Genome

24 milliongenes

Gut Microbial Genome
22 milliongenes

A

https://www.youtube.com/watch?v=i-icXZ2tMRM

https://www.sciencedaily.com/releases/2019/08/190814113936. htm e
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Cell Comprises
Renewal >60 50% of Immune
System

Food Digestion

Nutrient Generation Controls Appetites
and Cravings
Vitamin Synthesis

Turn off and on

Detoxify our genes that
regulate brain

Carcinogens
development,
Prevents anXiety’
Allergies, depression,
~Skin autism, arthritis
an%l?:g?ﬁ?nsa and emotional

behavior

https://thesocietypages.org/socimages/2014/11/07/visualizing-
the-fetus/



What Happens When These Microbial
Communities Are Disrupted Through

A Administration of Antibiotics
A Exposure to Chemicals

A Diet Related Issues




Global Increased Incidence of Auto Immune Disease

Pesticides
Fecal Matter
Transplants
Can Help
Address Muiltiple
These sclerosis
Diseases!

Crohn's
disease

P fertilizer
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_ _ https://www.youtube.com/watch?v=47csmddyZMMBach (2002) NEnglJ
https://desdaughter.com/2017/02/08/productiorof-synthetic Med. Vol. 347, 91920 Med
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https://www.youtube.com/watch?v=47csmddyZMM

Diet Induced Extinction of Microbiota

Microbiota-accessible Carbohydrates (MAC) FIBER
Low Fiber Diet
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4850918/pdf/nihms742543.pdf
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Re-establishment of Gut Microbiome
Re-introduce Fiber into the Diet
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4850918/pdf/nihms742543.pdf
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Two Things have Happened Over the Last 120 years as a Result «
Farming management:

A We have significantly altered the soil microbiome with our
agricultural management practices.

A Soil microbial biomass has changed from fungal dominant to
bacterial dominant.

These have created a soll that has lost Iits biological
Fdzy OUAZ2Y I fAGE@XX RSONBIFaAy
microbiome to supply necessary elemental nutrients to
plants from the soil parent material and our atmosphere.
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If Microbiota Transfers
Work in the Human Microbiome.....

Can a simple inoculation of
beneficial microbes help restore
microbiome structure and function
In agricultural solls?
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Plant Succession Ladder as a Function of
Fungal:Bacterial Ratio (F:B)

Fungal-to-Bacterial Ratios Beneficial to Commodity Crops
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The Soil Food Web
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Nat ureos Sys
Building

https://www.smithsonianmag.com/scieneaature/thesenorrlethalrmethodsencourageelsciencecankéép

wolveskilling-livestock180976505/ _ _ _ _ _ .
https://www.nationalgeographic.com/animals/article/15044iisectsdungbeetlesanimatbehaviornavigation

https://www.panna.org/blog/gotwormswhy-healthy-soitmatters
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https://youtu.be/DxUGk161Ly8
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Johnson/Su
Static Composting Technology

A ~70% moisture content !
A No-Turning !
A Aerobic (6 air columns up through the pile)

AWorms added after temperature goes below 80° F (27° C)
A One year to reach maturity
AFol l ow the instructions closely on the

https:/lyoutu.be/DxUGk161Ly8
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4 WEEK (316f 740specie$
Top 80% has 23 species

muGilaginibacetdiemEiismiabacterium spp.
mycobacterium hiberniae

sphingobacterium sp.
rhizobium sp.

olivibacter sp.

cytophaga sp.

oscillochloris spp.

promicromonospora citrea
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22 WEEKS (42 740specie$
Top 80% has 57 species

phycisphaera spp.
pseudofulvimonas gallinarii

steroidobacter spp.
geobacter spp.

subtercola frigoramans

pelobacter spp.
pelagicoccus spp.

maricurvus §larmobispora bispora  thermobifida cellulosilytica

cellvibrio fulvus
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60 WEEKS (458 740specie$
Top80%has 99 species
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¥ Firmicutes

Two Compost Samples R
Ten Years Apart with Different Materials = Bacteroidetes
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Principal Component Analysis Metagenome Analyses (phyla level)
Euclidean Distance Method, Genus

Level, w/Normalization | Protobacteria Unclassified Fungi
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e Greenhouse Trials with
& Green Chile Assessing the Influence
| F:B On C & N Partitioning
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Efficiency of Carbon Flow into Plant Biomass
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Small Plot Trials s sl 2015 Desert
£ Sandy Soil Trial

One Time Compost
Application Rate

504 kg/ha (450 Ibs/ac)
12 inches (30 cm)

Second Winter Cover
1,608 grams dry biomass/m?
540 kg N/ha (486# of N/acre)

L —
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12 inches (30 cm)




2016 Desert
Sandy Soll
Trial

Third Winter Cover

2,190 grams dry biomass/m? 21.9 tons Dry Biomass/ha
654 kg N/ hectare (588# N/acre)
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Winter Covers Biomass (g dry biomass?n Annual Cover Crop Biomass (g dry biomasslear)
3500
3500

m Control = Compost

3000
3000 m Control = Compost

2500

Biomass (g/m)
Biomass (g/m)
N
(@]
S

1 2 K
SEASONS YEARS

3,186 grams of dry biomass/m?/year (31.86 tons dry biomass/ha/year)
14.19 tons dry biomass/acre
872 kg N/ hectare/ year (777 Ibs N/acre/year)
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3.5 year Small
Plot Study
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~ 50 bacteria/0.25nl and -2fungal
spores/0.2Ml

Applied 2 Kg compost/hectare
In 180 liters water
No Brewing!

~ 900 million bacteria/m
~1854 million fungal spores/m
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Topical vs. IFFurrow Injection
160.00

140.00

120.00

100.00

80.00

60.00

40.00

20.00

Net Primary Productivity (g dry biomass/m2)

0.00

Topical Injection




Spring Biomass (grams/treatment)

Fall Biomass (grams/treatment)
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What do
these
Microbes do
for your
Solls and
your Crops?

Quorum
Sensing




Metatranscriptome Analysis: Top 21 mRNA

12000

@ Quorum Sensing
e Protein Synthesis
e C-N Bonds

@ Nucleotide Repair

8000 ¢ Oxidoreductases

4000
N Qm. .‘
7 12 17 22

0O
A

@ Ribosome

@ Synthesis/Degradation
6000

e Aldehyde/Ketone Transfer

2

-3
4,687 MRNA, Average= 62 —




Small
Field
Trials

No Nitrogen or

After 1 Year of Fertilizers Added
BEAM Application

Control
4/25/2010




