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Welcome!

9h00 - Welcome

9h05 - Why a World Soil Day

9h10 - Knowledge erosion about soils

9h45 - Mechanisms of soil health restoration in regenerative agriculture

10h35 - Coffee and tea break




10h50 - Mechanisms of soil health restoration

12h30 - Lunch

13h30 - What canregenerative agriculture deliver for farmers

15h30 - Paneldiscussion L e tstarsrestoring our soils!

17h30 - Reception




WiI-FI & soclal media

Wifi-network : VO Events
Password: vi#%nderen

Twitter

@wervel
@ilvovlaanderen
#worldsoilday
#betteragronomy




regenerative farmers
are 25 years ahead
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Knowledge erosion about solls




A vital soll Is required for vital plants.
Presentation for the Soll Health Conference:

December 5, 2022 in Brussels

Why are modern agricultural crops sick,and how can a different view on plant
nutrition help usto revitalize our crops?

Anton Nigten, The Salt of the Earth. With the cooperation of Joost Visser.



There are about sixteen to eighteen different fertilization
systems worldwide. All these systems can be reduced to
two fundamentally different paradigms .

> The salt paradigm .
> And the humus paradigm .

The battle over how to feed plants has been going on for
over two centuries now.




According to the salt paradigm , the plants only need to
have all the necessary salts to grow . You only have to know :

- Which salts does a specific crop need, and how much?

- How much is removed with the harvest?

- What stock is in the soil, and what should you add?

- Thisrequires an ash analysis ofthe crop and a soil analysis;

- And you need to know how much, and how quickly the salts
are releasedfrom the soil material through mineralization.

In this view the plants do well with sixteen elements.



But numerous complications arose.
- Evenif you give all 16 elements, the crops will still get sick;

- Eachelement inhibits or stimulates the absorption of other
elements;

- Some salts are absorbed generously, other salts, on the other
hand, only with difficulty ;

- Deviations and problems occur on every type of soil and
there are major differences between farms;

It turns out that it is not possible to actually use the elements
for the full 100%.



The use of saltsleadsto serious biodiversity losses
Some salts are harmful to soil life and symbioses,
Some salts are harmful or toxic to certain plants;

Many salts lead to soil compaction and soil degradation;

Do To o Do I»

There are placesin the world where the same plants grow
but with a very different mineral profile;

A On many soils, fertilizer agriculture leads to salinization
or soda formation;

The complications are no reason for this school to revise
the basic principles .



The main starting point of the humus paradigm is that
plants (also) or perhaps exclusively feed on organic
compounds .

Basedon historical research, Mr. Visser hashown that there
was already serious doubt about the salt paradigm of Liebig et
al. around 1840.

The authors mentioned by Visserentered into a discussionwith
Liebig about his starting points, but Liebig hardly addressed
their arguments.

Something similar happened in thinking about food quality
(Harvey Wiley, 1906) and about the role of bacteria in diseases
between 1870 and 1912 (Béchamp versus Pasteun).

That is why we speak of knowledge erosion ..



The conflict over the salts revolved around three areas:
- Where does the plant get its nitrogen from and in
what form does it absorb it?
Are ammonium and nitrate harmful to plants ?

- How harmful is superphosphate ?

- Why do plants absorb so much potassium ? How
harmful is potassium chloride?




The battle for nitrogen went roughly as follows :

- Do the plants extract nitrogen or ammonia from the air? That was the view of Liebig
and some others;

- But Boussingault distanced himself from his previous views on atmospheric nitrogen
uptake;

- Around 1850, common sense wasthat plants only extract nitrogen from the soll;
- Legumessupport the growth of non-legumes;

- But it was only after 1883 that agricultural science began serious research on
legumes, based on the research of SchultzLupitz, a farmer;

The research by Hellriegel and Willfahrt then led to the discovery that the
rhizobium bacteria in the root nodules of the legumes were responsible
for fixing nitrogen from the air. But that was not taken for granted .



Meanwhile , research into nitrogen fixation by non-legumes continued
steadily .

| would like to elaborate on three authors here: Ville, Stoklasa and resp.
Jamieson

Ville built a test setup in 1853 to measure whether plants could assimilate
nitrogen from the air. He showed that this wasthe case. Thatled to a renewed

struggle.

Stoklasa questioned the function of root nodules on the roots of leguminous
plants:

Lupins, his experiments showed, assimilate atmospheric nitrogen
iIndependently of the presenceor absence of root nodules. Thelupins without
nodules showed no nitrogen deficiency in any way;

The Nyields were higher in lupins without nodules or with imperfect nodules
than in lupins with numerous, well-developed root nodules;




Jamieson conducted research in Scotland into the question
which organ plants use to extract nitrogen from the air.

He discovered that this happened in special hairs on the leaves
(1910).1 assumethat the cellsin the hairs where nitrogen
assimilation takes place are almost identical to the heterocysts of
cyanobacteria.

Jamieson'sresults were completely ignored.

One year before Jamieson published his results, Haber and
Bosch had discovered a method for converting atmospheric
nitrogen into ammonia using a chemical process, more
efficiently than their Norwegian predecessors. Their proces
needs a lot of energy.



After 1950 there Is a pause in researchinto nitrogen assimilation
by non leguminous plants.

But that has changed rapidly since the eighties.

In grassesin particular, severalresident bacteria are discovered
that assimilate nitrogen from the air:

In addition to the absorption of nitrogen salts, five more waysin
which plants collect their nitrogen have beendiscovered so far.
And it alwaysrevolves around organically bound nitrogen.

White and his team at Rutger University discovered that plant
roots eat 'their' bacteria and then strip them of their
nutrients. And sent them back into the soill.




Christine Jonessummarisesas follows:

All green plants form associationswith nitrogen-fixing bacteria. This
phenomenonis not restrictedto legumes (..)In well-functioning soils,
85-90% of plant nutrient uptake is microbially mediated and N is no
exception.

The first-formed product of biological nitrogen fixation, NH3, is
rapidly converted (within milliseconds) to non-toxic NH4+, which in
turn is rapidly transformed to amino acids. (Christine Jones, 2017).

Now we will look at the consequencesof fertilizing with
salts for
the health of crops, animals and people.



The quality of feed for dairy cows is measured much
more intensively In the Netherlands and elsewhere
than the quality of humane food.

Today | want to answer two questions :

1. Isthe quality of the cow feed properly measured?

2. And can we learn something from it for
measuring the quality of humane food?



Which elements and which compounds should we measure?

Eurofins, the largest laboratory in the Netherlands, measuresthe following elements and
compounds in cow feed:

- The macro elements : potassium; sodium; calcium; magnesium;phosphorus; sulfur
and chlorine;

- The trace elements: selenium; zinc; iron; buyer; iodine; boron; cobalt; molybdenum
and manganese

- With nitrogen they measure nitrate; ammonium and N total. From N total they
calculate crude protein;

Not everything is measured: not silicon; amino acids and total non protein nitrogen. Also
a number of harmful compounds, such as hydrogen sulfide; sulfate; phosphate; nitrite ;
nitric oxide; urea; and cyanide in the feed are not measured.

But, compared to human food, a lot is measured. In our food, only the red colored
macro-elements are measured. And the red trace elements, and total N. Establishingthe
ratios between the macro elements is critical. Butthat doesn't happen. And important
standards, including their own standards, for animal feed are ignored, trivialized or
deliberately adjusted.



Rati o0s Optima Grassdata from All 71 vegetables
1853 dairy farmsin from the RIVM table.

2014 (DMS) NEVO online, 2020.

Potassium/natrium 235 (max 7)/1 14,7 16,8
Potassium/magnesi 285 (max 7)/1 14,7 16,6
um
Calcium/Magnesium 182/1 2,3 3,2
Calcium/Phosphor 162 /1 1,3 1,3
Mg/( K+Na+Ca+P) 0.1530.25; min. 0.10 0,05 0,043
K/(CatMg)in mEq <202.2/1 1,9 1,73
nitrate < 2.193.5 gram ?

NO4/kg ds
sulfur <2 a3qgr/kgds 3,5 ?
NPN /N totaal max 33% 46 % ?
Ammonium N plus Max 140 gram/day 216 gram/day ?
nitrate N

Potassium max 20 (USA) 35,2 41



AT T o c
4 ‘ The effect of seaminerals and resp. volcanic stonemeal .
' Column 4 and 5.
-
Optimal ratios for : _ L .
L. food for humans and Potatp trlgl of the Louis Three pqtato varieties: Potatoesiln -
P - animals per day Bolk institute. P.arrlnentler. , Patraque:js f(;md ) PgLneralr(ua, felrtlllzed
. (Nigten, 2017) Vitelottes in Normandy (1864). with rock mea
o~ :&‘ NPN and NPS are ;Tﬁlii\;;:)igse(\?; d13 Burgt The potatoes were fertilized with (1890). Julius
missing. '’ guano manure; seaweed,; fish Hensel.
- s 22 T2 NEtEmaE remains and manure (Wolff,
S v :
% o Ratios 1871).
Par Pat Vit -
K/Na Optimum 2 85/1 230 6 144 1.35 1,95 12,2
K/Mg Optimum 2 85 /1 25.5 9.61 10.5 11.6 10.36 1,8
Ca/Mg Optimum 1 62 /1 0.77 0.72 0.91 2.6 1.29 2,3
calP S)pt'm“m 182/1(Max  »q 1.6 055 115 098 6,6
Mg/
(Na+K+Ca+ 0.1500.25 (min 0,10) 0.033 0.08 0.049 0.04 0.054 0,21

P)



71 Dutch Ten vegetables  Threevegetables

Ideal ratios vegetables 2020 from South from south West
(RIVM) West Nigeria Nigeria.
(Adebisi, 2009). Sobowaleea.
2011.
Mg/100 gram
K/Na: 2 -5 1,15 3,35
KIMg: 2 -5 1,72 2.85
Ca/Mg: 2 -1 0,94 1,1

Mg/( K+Na+Ca+P): 0,19 0,17
0,15 8 0,25. Min.
0,10

Presumably in Nigeria it is a volcanic soil of basalt. However, |
have not been able to verify it. Most farmers over there do
not use fertilizers.




In the past, attention has been given to the risks of nitrate in food.

That attention has faded and the food authorities have declared nitrate
harmless (2014).

And only in the last decade there has been done serious researchinto the risks
of too much
phosphorus in our food.

Calcification almost alwaysinvolves calcium phosphate. And the mechanism is
also clear:

becauseour food contains too many phosphates, calcium isextracted from the
bones to

neutralize these phosphates. Just likenitrate is neutralized by sodium.

Becausethere is too little magnesium in our food, the calcium phosphates
accumulate in

the most unlikely placesin the body. It would therefore be better to talk about
phosphatisation

rather than calcification.



The proven health damage of too much phosphorus is as
follows

- |t leads to soft tissue calcification and at the sametime
weakening of bones and teeth;

- Too much phosphate encourages skin cancer; lung cancer,
breast cancer; kidney cancer and prostate cancer.

- Calcification (= phosphatisation) of the heart muscle can
result in heart failure;

- Calcification of the kidneys leads to kidney stones and
kidney failure;

- Too much phosphate causesobesity; gingivitis; tissue
damage; cell death; and mitochondrial oxidative stress;



Between 1880 and 1910, the phosphate war raged in Great
Britain o the battle of the phosphates.

Jamieson and his team had shown that superphosphate , In
contrast to rock phosphate , led to clubroot formation In
turnips . This was disputed by Lawes.

Potassium.

In the thirties of the 20th century, more and more cows
suffered from head disease (grass tetany ), partly due to too
much potassium .

In 1933 Theel found in Germany that potassium , sulfur and
chlorine in the hay had almost doubled compared to

1870. The levels of potassium in our fruit and vegetables
and potatoes are still extremely high and sodium and
magnesium far too low.



Conclusions
1. Ourcowfeed ismeasuredmuchmore thoroughly than human food,;
2. Butthe standardsfor cow feed areoften beingdisregarded

3. The Dutchpotatoesc¢ conventionaland organic¢ andthe Dutchvegetablesare not in
balance

4. Thevegetablesan South West Nigeria areften muchbetter balanced

5. Seaminerals worm compostand rock meal canhelp restore balance Andsoilin the
manure helpstoo;

6. Phosphatesare not only a problem for nature (@lgaegrowth), but alsofor people;

7. Aswith nitrogen, phosphateand sulfur must alsobe measuredin what form we ingestit
and how much;

NPK¢ the magicformula of modernagriculture ¢ not only causegyreatdamageto
agricultureand nature, butalsoto peopleandanimalsthat eat NPkfood. We get
all three elementsin too muchand partly in the wrong form. Wedon't get enough
other macroelementsandtrace elements




Annex: Ten vegetables from South West Nigeria: Adebishi

20009.
Average All Low protein  Low protein High protein
Mineral vegetables vegetables < 3 vegetables < vegetables > 4,5
content Average gr/100 gram: 4,5 gr/100 gr/100 gr : 6 X
mg/100 gram : 3 x (adebishi gram: 4 x (adebishi 2009)
air dried protein 4,65 2009) average: (adebishi 2009)
oroducts gr/100 gram 25 average 2,97 Average: 5,7
Na 3,82 3,31 3,28 4,18
K 4,41 3,15 3,89 4,75
Ca 2,41 2 2,9 2,08
Mg 2,55 1,67 1,99 4,38
P 3,02 2,34 2,28 3,51
sum 16,21 12,47 14,34 18,9

AN Al AA b A+ 1 O7 1 AN 1 A77 N 1N

You see a shift in mineral composition : more sodium, potassium, magnesium and
phosphorus in crops with a high protein content (right column). Calcium varies.
Magnesium in high protein crops is sky high. Ash content and sum increase




Questions?




Mechanisms of soll health restoration
IN regenerative agriculture
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e Physical Biogeochemistry
k2 “‘“‘"} Soil Regeneration

Dr. Kris Nichols
Food Water Wellness Foundation
MyLand Company LLC




U Systems Approach

U Dynamic, Innovative, Integrated, Intensive
U Photosynthesis o Carbon Flow/Costs

most efficient form of
solar energy
conversion to
chemical energy in
the bonds between
carbon atoms or
carbon atoms and
other atoms.
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- "Dave Brandt Farm
Carroll, Ohio

10.18.2018



Emerging view of
SOM supports
Regenerative Ago
We can build SOM
In our lifetime!

Lehmann and
Kebbler, 2015

F

Traditional view
Relies on organic matter quality
for prediction of emissions;
assumes greater temperature
sensitivity of persistent organic
matter

Emergent view
Relies on accessibility of organic
matter and microbial ecology;
considers temperature dependence
of enzymes, transport and
adsorption of organic matter

co, 59,
evolution
and
temperature
response

Soil structure;
water and
nutrient
storage and
provision

Traditional view
Relies on formation of
stable 'humus';
obsenves organic matter
properties in alkaline extracts

.&.

Traditional view
Applies solubility in alkaline
solution as chiterion; over- or
underestimates reactivity
inwater (electron shuttling,
metal adsorption)

Emergent view
Studies organic matter in

water without alkaline extraction;

considers those forms that are
actually soluble in water

Atmospheric CO,
829

123
9*

-6 Vegetation
420-620

@ 1‘ 'm" \mwrs

Sail
3,500-4,800

0.05%

Water
quality

Emergent view
Focuses on microbial access to
soil organic matter;
emphasizes the need to manage
carbon flows rather than
carbon stocks

-




Soll Organic Matter Composition

Soil microbial biomass
3-9% of total SOM mass
Soil organic matter (0.03-0.56% of total soil mass)

1-6% of total soil mass e Animals
10%
003-0.054%)

Soll

Mineral particle Yeast,
algae,

protozoa,
nematodes
10%
(0.003
0.054%)

- Modified from Building Soils for Better Crops, Magdoff and van Es, 2000



Conventional Transitional

1% SOM

3% SOM

B Recalcitrant

mLabile
Microbial

Regenerative Microbial




Labile
Stabilized

Microbial

Recalcitrant




BROWN REVOLUTION

Eco-Functional Intensification

A Optimize landscape use

A Maximize efficiencies

A Not more but less

A Multiple enterprises

A Everything costs
A Redistribute risk

ViicioscopictandiViacioscopiE

A Nutrient density Diversiey

Maximize Photosynthesis




Armor/

Protection

Reduced or No
Tillage/Soil
Disturbance

Manage Micro- and
Macroscopic Livestock

Reduced or No Synthetic/Off-
Farm Inputs

Microscopiciand ViacEoScopic
Diivielsity,

Maximize Photosynthesis
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System Not Tools and Practices

0 Frequency,v,

| § Intensity o, "o,
SdScale » %
T o Timing "o
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FI1S T Matrix
Five Whys

Issue Perennial Weeds
Tool Choice Deep Tillage
Trade-Offs/ Frequency Intensity Scale (total Timing (when
Carbonomics | (number of (amount of volume of soil | is most
times tool is force to be impacted) effective)
usedin a effective)
season)
Positives
Negatives




Issue
Tool Choice

Trade-Offs/
Carbonomics

Positives

Negatives

Perennial Weeds
Deep Tillage

Frequency

Prevents several in
season tillage passes;
Prevents herbicide
use; Fiscal costs are
limited to equipment,
fuel, and labor

Tillage may destroy
aggregates and rip
apart fungal hyphae;
Multiple passes
needed to be
effective

Intensity

Choosing an
implement and
tractor speed to be
effective and not very
destructive

Implement or speed
needed for weed
termination may be
destructive to soil
physical structure and
biology

Scale

Effective weed
termination with
deep tillage

Deep tillage may
more destructive;
Although the
implement being
used goes deep into
the soil is the volume
of soil impacted more
or less than a surface
shredding such as
rototilling

Timing

Perennial weeds most
iImpacted at weakest
growth times; Labor
needs at a low stress
time

Impacts microbes if
done at high growth
periods



Issue
Tool Choice

Trade-Offs/
Carbonomics

Positives

Negatives

Perennial Weeds

Herbicide(s)

Frequency

Prevents the use of
tillage and/or
herbicides

Fiscal costs
compared to other
tools; Efficacy may
be limited and
require increased
frequency of use or
additional tools

Intensity

May negatively
impact soil biology
and physical
structure

Scale

New application
tools, chemistry,
and genetics may
reduce the amount
needed

New chemicals or
chemical
combinations may
be needed

Timing

When most
effective

Impacts on cash
crops, labor,
expenses, and soil
biology and
physical structure



Issue
Tool Choice

Trade-Offs/
Carbonomics

Positives

Negatives

Perennial Weeds

Poly-, Inter -, Companion, or Cover Cropping

Frequency

Prevents the use of
tillage and/or
herbicides

Fiscal costs include
seeds and field
operations o
planting; Efficacy
may be limited and
require increased
frequency of use

Intensity

Crop choice may
provide benefits -
enhance nutrient
cycling and soill
physical, chemical,
and biological
activity for cash
crop

Crop choice may
have negative
impacts on nutrient
cycling soil and/or
cash crop d too
much nitrogen in
the system,
compaction, water
use, etc.

Scale

Rooting depth and
architecture may be
positive; Leaf size
and architecture
needs to be a part
of plant selection

Rooting depth and
architecture may
negatively impact
water use and
chemistry; Leaf
shading is a
concern

Timing

When most
effective

Impacts on cash
crops, labor, and
expenses



Issue
Tool Choice

Trade-Offs/
Carbonomics

Positives

Negatives

Perennial Weeds

Grazing/ Haying/ Mowing

Frequency

Prevents the use of
tillage and/or
herbicides; Provides
another potential
income source; May
add nutrients

May export some
carbon and
nutrients; Efficacy
may be limited

Intensity

Potential nutrient
source; Add carbon;
May alter soill
temperatures

Animal choice,
animal units, and/or
grazing days may
be destructive;
Mowing
implements impact
carbon flows

Scale

Potential nutrient
source; May
increase rooting
depth; Add carbon;
May improve soil
compaction

May cause surface
compaction

d Plant Biomass Removal

Timing

Flexible timing may
help with nutrients
and water use

Impacts on labor,
expensesd animals,
fencing, water, and
labor; and soll
biology and
physical structure



FIST

Recovery Plan/ Recarbonization

Issue
Tool Choice

Trade-Offs/
Carbonomics

Recovery Plan/

Recarbonization /

Chaos

Perennial Weeds
Herbicide(s)

Tillage Herbicides

Offset soil carbon
and soil structure

Offset soil carbon
and soil structure

losses and losses and negative
negative impacts  impacts on microbial
on microbial community via

community via
cropping and/or
grazing

cropping and/or
grazing

Cropping

Assess plant
species impacts
on nutrient
cycling and water
use, including
crop stressors
and new weed
pressures and
respond with
grazing or
enhancing plant
diversity

Grazing

Overgrazing as a
termination tool
needs to offset soll
carbon losses via
cropping and/or
additional grazing;
If grazing is used
continuously then
you need to insert
chaos into grazing
plan; Choose plants
to address any
compaction issues
caused by grazing



Compounding Principle of Consortia

F. cryptostigmatic F. cryptostigmatic
B mites Fungi Be mites Fungi

non-cryptostigmatic ® @ non-cryptostigmatic ®

mites mites '
F.nematodes ® Enchytraeids F.nematodes ® Enchytraeids

O.C. nematodes 0.C. nematodes ) 0.C.
Earthworms " ! Earthworms
0. mites® @ Collembola O. mites® ' @®Collembola
Plants @ @®B. nematodes Plants @ . ®B.nematodes
/’I '
P. Mites & P. Mites (R

R.F. nematodes Bacteria R.F. nematodes Bacteria

AMF Archaea AMF Archaea

Morrién et al., 2017



F. cryptostigmatic

E mites Fungi
non-cryptostigmatic °
mites .
F. nematodes @ | Enchytraeids
0.C. nematodes
; Earthworms
la 0. mites® ® Collembola
fes Plants @ @B nematodes
P. Mites®
R.F. nematodes Bacteria

AMF Archaea

Total = 0.9 interactions

3 i ﬁ 500 % interactions between
- =9 000 two groups = 0.9 of total
S 100

possible interactions .9 L5
Morrién et al®®2017 <1% 5%
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Healthy Soil Unhealthy Soll

45% greater porosity increases infiltration by 167% for the first inch
and 650% for the second inch - Karlen et al., 1998

53



1-2 mm




28.000E ...Q..
U Plant availabled | -
synthetic vs. biologic ¢ -
0 30-50% of nitrogen N e
fertilizer is used by the *= ==
plant (Hirel et al 2011) - I
i 30% of phosphorusis |1 |°,
used by the plant 1R
U Availability, timing, °_ '°-....~.._.“ .
water, and pl H = il

1960 1670 1080 1890 2000
Year




Fertility Management

U Too little fertility " zsom| o %%
Plant available T synthetic vs. soil biology )
Fertility and water

U Too much fertility

- Avalilability, timing, water, and pH

24.000r @
20,000 - Lo

16,000 - @

Global cereal yield (hg ha™)

% R 1960 1970 1980 1990 2000
Soil-Rhizosphere System

60 ®

£

o
T
L

no
o
T

Nitrogen efficiency of cereal production @
megatonnes cereal/megatonnes fertilizer)
@

. L I L L L L
1960 1970 1980 1990 2000

Figure 2. Components that relate to nutrient availability in the soil-rhizosphere
system




o Obtain nutrients (up
to 90% of N and P) 5

Smith and Read, 2008

A Phosphate-solubilizing
bacteria 9 Toro and Barea, 1996

A Mixed cultures more
efficient, but this was also

AMF species dependent o
Walder et al 2012

A Non-legume trades P for N
via AMF and rhizobia
activity o Chalk et al, 2014

a Transfer water
i Induce antioxidants

(Garcia -Sanchez et al., 2014)

Vesicular arbusclar mycorrhizae - penetrate between cells and into cells
Hyphae
A Casparian

. I Str.p Stclar
v CS'{ ® Cortical cells \ WAHS
Phosphorus N X Sy |\
— \’ M‘
. — - 4
g Y ) :
. Nitrogen =&\ Xylem
Root hair — . vessels
b, g
{
\_;/ g AN .
P i / .
# . Arbuscules FEndodermal Phloem
Pt Fpidermal cells tubes

Chlamydospores  cells



Root Systems of Prairie Plants

Conservation Research Institute

IE3

Kentucky Lead Missouri Indian Compass  Porcupine

Blue Grass Plant Goldenrod Grass Plant Grass
Poa Amorpha Solidago  Sorghastrum  Silphium Stipa
pratensis canescens missouriensis nutans laciniatum spartea

Heath Prairie
Aster  Cord Grass
Aster Spartina

ericoides  pectinata

Big Blue Pale Prairie Side Oats False

Stem Purple Dropseed Gramma Boneset

pog C Sporabols Kuhnia
gerardii Echinacea heterolepis curtipendula  eupatorioides

pallida

Switch

Panicum
virgatum

integrifolium  Petalostemum  cristata

3

Heidi Natwra 1995
[c

Rosin Purple June Cyliddric  Buffalo
Weed Prairie Grass Blazing Star Grass
Stlphivm Clover Koeleria Liatris Buchloe
eylindracea  dactyloides

purpureum



Root Systems of Prairie Plants

Conservation Research Institute

Tee

T~

Heids Natwra 1995
O]

Kentucky  Lead Missouri Indian  Compass Porcupine \Heath  Prairie  Big Blue Pale Prairie Side ¢
Blue Grass  Plant Goldenrod Grass Plant Grass ter  Cord Grass  Stem Purple Dropseed Gran
Poa Amorpha Solidago  Sorghastrum ~ Silphium Stipa or  Spartina y e 7 I Boute
pratensis  canescens  missouriensis  nutans  laciniarum  spartea  ericoNgs  pectinata  gerardii Echinacea heterolepis curtipe

pallida
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I The Drought Myth - a case of plant hunger
rather than thirst - unfertilized corn required
26,000 gallons of water per bushel yielded 4X
less than a fertilized field receiving only 5,600
gallons of water per bushel. 8 W.A. Albrecht,
2000

1 Sevenway cover crop mix yield almost 3
times higher than of single crop on 7 in of
soil moisture. Field with manure and no
commercial fertilizer yielded the same as a
fertilized field and plant tissues tested
sufficient or high for N, P, K, and Sd North
Dakota, 2006

1 45% greater porosity increases infiltration
rate by 167% for the first inch and 650% for
the second inch - Karlenet al., 1998

1 Loose soil has a slower rate of drying
compared to packed soil, because the water
films are discontinuous and moisture is not
readily conducted to the surface.




Treat Sol | L1 ke 'y
to treat yourself

U Eat small meals throughout
the day (be a grazer).

U Eat a diverse diet.

UExerci se but dono
exercised FIST (Frequency,
Intensity, Scale, Timing).

U Protect your body from
Injury, radiation, temperature
extremes, etc. (armor).
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It neallyyboils down totthisyithat-all lifé ise is
interrelatedd\We are @ll caughtlin andinesecapablehle
netwarkioh mutwality; ttiediintora singlergarmentnent
of destinyy Whatever-affeétts onerdestinyiraffectscts
all indirectlyly. _ MautinrLuthee King dr/rChistmasdEve e
Serman, 1967

Dr. Kris Nichols
Food Water Wellness Foundation
MyLand Company LLC, www.MylLand.ag
Kris@KRIS -Systems.com
glomalin1972@gmail.com
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Mechanisms of soll health restoration
IN regenerative agriculture




Soil Health Restoration with
Regenerative Grazing




Our Framework

The properties of the parts can be understood only
from the organization and constant development of
the whole

Our Goal is to find the best grazing management for
regenerating:

A Soil health and ecological function
A Delivery of ecosystem goods and services
A Farmer livelihoods and social resilience.

Teague et al. 2013; Savory and Butterfield 2016; Massy 2018




Observations:

The USDANRCS soil mapping database identified the
ranches with the highest SOC

Without exception, the highest SOC was with
regenerative Adaptive Multi-paddock (AMP) grazing

Outstanding managers achieve much better resource and
economic outcomes than research scientists

Partnering with these managers can help others improve
management outcomes

Teague et al. 2013; Savory and Butterfield 2016; Massy 2018



Most current science

Rarely considers, let alone studies, unintended
consequences to using different actions and practices

Aims at:
A How to achieve maximum vyields
A Use biocides to kill problem pests
A Maximizing short-t er m profits selling o0

What is needed is improving understanding of biological
and ecological function at meaningful scales

These include wider species interactions, seHorganizing
properties and epigenetic developments that are constantly
changing in nature

Van der Ploeg et al 2006; Savory and Butterfield 2016; Massy 2018




Working with leading farmers

AAddresses questions at more meaningful scales

Alntegrates component science into whole-system
Interactions and responses

Aldentifies emergent and self-organizing ecological
properties

Alncludes the human element essential for achieving
economic and environmental goals

Alncorporates adaptive management to achieve goals
AFacilitates identifying unintended consequences

Van der Ploeg et al 2006; Teague et al. 2016; Massy 2018




Outline

A Why we have achieved different research results

A Soil biology in fully functional grazing ecosystems

AResearch results

AManaging to improve soil health for full ecological and
economic benefits

AFacilitating transitioning to regenerative grazing

Norton et al. 2013; Jakoby et al. 2014; Teague et al. 2013; 2015



Our ResearchHypothesis:

Ecosystem health is increased as soil Carbon increases,
resulting In:

A Improves water infiltration and retention;

A Improves soil nutrient status, access and retention;

A Increases diversity of fungi, microbes, plants, insects;

A Improves wildlife diversity, nutrition and habitat;

A Reduces soil erosion andnet GHG emissions;

A Improves livestock well-being and output; and

A Improves farmer net profits, resilience and well-being.




Soll Carbon changes with human management

Carbon level _ _
prior to Regenerative grazing research
Europeans needs to be conducted here
P Conventional grazing & sampling at least to 1 m,
/ cropping begins prierably 2m

/
4

s

Most research / \ Regenerative grazing beglns

conducted here
sampling to 30 cm
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Soll biology In fully functional
grazing ecosystems




Biggest limiting factor in grazing land
Water in the Soll




The Four Ecosystem Processes

1. Energy flow
2. Hydrological function
3. Mineral cycle

4. Community dynamics

5. Human component

Terrestrial Ecology 101; Savory and Butterfield 2016; Massy 2018




90% of Soill
function is
mediated by
microbes

Microbes
depend on

plants

So how we
manage plants is
critical




Importance of Microbes and Fungi

Almprove soil aggregation/structure
Almprove nutrient access for plants

A Extend root volume and depth

A Produce exudates to enhance soil C
A Enhance nutrient cycling

A Increase water and nutrient retention
A Plant growth highest with high fungi
AFend off pests and pathogens

We must manage to enhance them

Ingham et al. 1985; Jones 2016; Lehman
et al. 2016; Montgomery 2017




Earthworms in the ecosystem

Anecic burrove entnerces called
“weidders”™ are stervosnsled with a
mound of cast materiad (reorm
poop) a nd crommed with
Sragreented leaf parts,

Epigei
* LIt@r dweller, feeder + Pigmented skin
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- Endogei __

‘7 Ysoil feeder
* Mineral soil dwellor (0-50 cm)

/
Gulleries may * No skin pigmentation
be sed for * Croatos a network of horizontal,
~ depesising  § _ O\, branching burrows
e or for § ' Enecic P * Small to medium-sized
& w?;m'; * Fresh litier focder Y 4
conditions’ * Soil dweller
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Three major

ecological groups of

earthworms have been identified
based on the feeding and burrowing
behaviors of the different species

Anecic barrosey muty veitch
depals up to tew wresers!

Wardle & Bardgett 2004; Blouin etal. 2013



Dung beetles in the Ecosystem

Tunnelers Dwellers
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200 cows drop 25 tons of dung a week
Increase infiltration ~ 130%

Herrick and Lal 1995;
Richardsonet al. 2000



Research Results




Landscape impact of continuous grazing

1. 39% area used

2.  41% GPS points on 9% area
3. SR: 21 ac/cow

4.  Effective SR: 9 ac/cow

Norton 1998; Norton et al. 2013; Jakoby et al. 2014
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Grazing Pattern Davs present
November to March <10 50-150

Water point 10-50 - > 150

w D
D

e

320 acres
10-12 stockers Senft et al. 1985 E
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Adaptive Multi -Paddock (AMP) grazing

Manager can control:
AHow much is grazed
AThe period of grazing, and

AThe length and time of recovery Water points
added as needed

Animals:
A Graze more of the whole landscape, one paddock at a time
A Select a wider variety of plant species

Norton et al. 2013; Jakoby et al. 2014; Teague et al. 2015




Regenerative Grazing

4 Poor condition range
18 paddocks + 1 water point
>N Managed to improve plant species




Regenerative Grazing

Noble Foundation, Coffey Ranch
Charles Griffith, Hugh Aljoe, Russell Stevens

40000

30000

20000

Animal Unit Days

10000 +

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997




Managing AMP Grazing for Best Results

A Aim to improve ecological function to increase profits

A Flexible stocking to match forage availability and animal
numbers

ASpread grazing over whole ranch, by grazing one paddock
at a time

ADefoliate moderately in growing season
AUse short grazing periods
AAdequate recovery before regrazing

AAdjust as forage growth rates change

Norton et al. 2013; Jakoby et al. 2014; Teague et al. 2013; 2015



Hvpothesized Causal Mechanisms:
AMP Grazing Light continuous grazing

Energy Flow
Water Cycle
Mineral Cycle
Soil/Plant Diversity

No-grazing Continuous grazing
Savory and Butterfield 2016; Massy 2018



How grazing strategy impacts ecological processes

Grazing management strategies

Ecological AMP Moderate Heavy No grazing
Processes continuous continuous

Energy flow Very high Low Low Very low
Hydrology High Good Poor High
Mineral cycling Very high Low Low Very low
Community Very high Moderate Poor Very poor

dynamics




Initial Texas Grazing Research

A AMP grazing gave 3 tC/ha/year more
than usual heavy Continuous grazing

A Improved plant species composition
A Improved soil fungi to bacteria ratio
A Improved soil water holding capacity
A Enhanced plant productivity

A Decreased bare ground

A Improved soil fertility

A Increased livestock production

Teague et al. 2011




Published & Reconnaissance Sampling

AMP had higher C gain/year

Apfelbaum et al. 2016

than continuous grazing neighbors

Apfelbaum et al. 2016
2.5 tC/halyr over 20 years

CQ, Isotope Sampling

< 0.5 tC/halyr over 20 years

3.0 tC/Halyr

Wang et al. 2015

3 tC/halyr over 15 years

P>,

7- 8 tC/halyr over 5 years

Machmuller et al. 2015;
Williams et al. 2017




Soil Carbon Infiltration Vegetation sampling

GHG Sampling CO, fluxes
Microbiota DNA CO, Isotope Fluxes




