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Civilizations 
fail 

because they 
fail to 

regenerate the 
soils on which 

they were 
founded.



Drought resilience



Drought Mitigation Strategies

• Having a Drought Mitigation Plan with Trigger 
Dates and on Paper

• Confinement Feeding Cows – being creative
• Residue Grazing
• Annual forages – as a replacement to a grain 

crop or behind a grain crop
• Grazing substitution on pasture
• Others –
• Running cows and yearlings
• WHAT DO WE DO IN DRY YEARS AND WET 

YEARS



Grazing 
Management 

during 
drought-

recovery of key 
species

Indian ricegrass

Blue grama

Western wheatgrass



IN TERMS OF GRAZING MANAGEMENT- RECOVERY is KEY

Good rule of thumb is 6-10 inches for bunch grasses and 
rhizomatous species

Sod formers??



What is happening with photosynthesis with no 
water? What about grazing with no water?

Soil biology creates structure- coffee beans



Rhizophagy cycle- how plants get nutrients from microbes
Dr. James White

A. Cloud of bacteria B. Bacteria replicating C. Root hair of Bermuda grass inoculated with bacterium Pseudomonas sp. D. Root 
hairs of clover inoculated with endophytic yeast (Rhodotorula sp.) showing yeast being expelled from the root hair tips. Plants 
require oxygen to extract these nutrients. Plants can’t perform this process in compacted soils.   

Plants get 
nutrients from 
microbes 
through root 
hairs.

Microbes trigger 
root hair 
elongation

HAPPENS IN 
SOLUTION



Processes of nutrient to plant- happens in solution

• Ca+ cell division

• Cu essential for making energy

• B translocation of sugars-
requires water

• Mg core mineral of chlorophyl, 
activates over 300 enzymes

• Mn nitrogen and carbon dioxide 
assimilation, germination



Actions 

exacerbating 
water stress

Disturbed soils are highly bacterial 

Inoculation or loss of carbon flow?

Coffee 

beans turn 

into 

espresso



Late succession grasslands = fungi:bacteria
Elaine Ingham

Bacterially dominated pasture are not good at holding water- why?



WHY WE DON’T DISTURB THE STRUCTURE OF NATIVE RANGE



Steve Oswald-
Fremont County

increasing 
resilience- fix that 

old field

Plateau with 
grazing



Why these fields?



How much to buy hay?



Our approach in 2019- pre 
biology

Dig a hole- compaction/texture

Aggregate stability

Water infiltration

CEC



Approach- Pasture Renovation 2019-
didn’t know as much about soil biology

• High intensity graze= competition

• Cover crop with a cool season (April)
Hairy vetch, alfalfa, clover, **spring barley, **triticale, collards, beets, flax, 
safflower phacelia, chicory, plantain

Conditions: cool spring, great moisture

Results: very little 



Cover crops
Yeoman’s plow

Learning about soil 
biology

High fungal compost 
(microbes and their 
role

Nicole Master’s
Reading the landscape 
with soil tests- writing 
your own prescription



High Fungal Compost and vermicast

White wood chip, native grass, manure, water, aerated with PVC “holes”, never turned

Thermophilic phase 160 degrees lasts 3 days

Added red wigglers when temp is 80 degrees

Composts 18 months under aerobic conditions

Johnson-Su process at Dave West’s in SLV (community effort)



Nexus of applying old practices with new knowledge 
Soil Health



WHAT DOES COMPOST EXTRACT 
DO?

Enzymes, metabolites, spores, exudates

Create conditions to signal a suite of 
species through Quorum Sensing

Compost does not provide nutrients- it 
enables microbes to mine nutrients

Restores microbial diversity in the soil



David Johnson- numbers of microbial species in compost at 
week four





IMPORTANT TESTING 
ADDITIONS- Nicole Masters

What is your limiting factor- maybe 
it’s not management

Measure your brix

Plant tissue test

Look at minerals- what’s limiting?

Soil biology

Read your weeds

Look at roots



NEW GOAL:

Making sure we are prepared when it does 
rain. 

Understanding the minerals, how they 
support photosynthesis

Don’t want to apply amendments after a few runs- self 
sustaining



K:Mg ratios, B, Cu, Zn



Plant Tissue Test 2020

Russian thistle, mustard, curly top gumweed, cheatgrass (perfect 
conditions), different weed each season



Pasture Renovation 2021

Strategy: high intensity graze cheatgrass

Warm season cover (**Sorghum sudan, soybean, foxtail 

millet, fava bean, field pea, Proso millet, buckwheat)

Cool season cover (Triticale, winter wheat, **peas, hairy 

vetch, *oats, *barley, winter rye, radish)

High fungal extract- coated seed, sprayed in test plots 1 m2     

25 lbs/acre to make extract (83 gallons/acre of extract)

Conditions: cool spring, great moisture 



2021 Results High Fungal Compost Extract (warm and cool season covers)



FROM TESTS, WEEDS, trials- What have we learned?

Pigweed, mustards, Russian thistle still very common

Extract increased nutrient availability through biology

When to plant, time with moisture, whacked back the competition just prior and 
areas of bare ground

What cover crops grow at 7500 feet- Triticale, Sorghum, proso and foxtail millet, 
radish, oats, hairy vetch

Concentrated level of extract

Oats and sorghum have good mycorrhizae

Water infiltration test

Active fungi is low, Boron low



2022 Goals- Only if we have water

• Build OM
• Capture water
• Increase fungi to increase brix

Cover crops: species that support mycorrhizae fungi- oats, 
buckwheat, chicory, triticale- perennial cover crop? Hairy vetch

Add trace minerals

Add carbon source- energy for microbes

Inoculate with concentrated HFC- to turn on signals to right 
plants

Apply as a slurry

Prioritize based on minerals too
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