
Our Future Is In The Soil

v

OUR 
FUTURE  
IS IN 
THE 
SOIL

DECEMBER 10  -12 2019
 EDMONTON, AB

2019 WESTERN CANADA CONFERENCE 
SOIL HEALTH & GRAZING



Our Future Is In The Soil

WELCOME

DISCLAIMER
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NORA PAULOVICH
Welcome to our 3rd biennial Conference on Soil Health and our 2nd 
combined Western Canada Conference on Soil Health & Grazing. 
Registrations plus the trade show sold out early which is testament 
our conference theme The Future is in the Soil is true! There are over 
100 people on our registration waiting list plus we had to turn away 
10 industry companies for the tradeshow. The popularity of our 
conference is due to our proven track record of amazing speaker line-
ups. As in previous years, the first day will focus on Soil Health, the 
second day transitions from Soil Health to Grazing, and the third day 
will focus on Grazing. Each day concludes with a panel of producers 
from across Western Canada sharing changes and practises 
implemented on their operations.

Accomplished researchers and producers from across North America 
with leading edge information will form our speaker line up plus 
the trade show will be filled with industry showcasing their latest 
technology and products. It is an incredible networking opportunity 
and I challenge you to get as much out of this event as you can. 

A huge thank-you to our sponsors and tradeshow participants as their 
contribution has made this 3-day conference affordable for all to 
attend. Be sure to visit the Tradeshow often which will be open during 
all coffee and lunch breaks plus there will be an evening mixer on 
Tuesday evening.   

This conference is the result of a true team effort and I wish to thank 
the ten applied research and forage associations, plus Livestock 
& Forage Business Specialist, Grant Lastikwa and Graeme Finn, 
producer and industry rep, for all of their hard work and dedication in 
making this combined conference a continued success. I also wish to 
recognize the support and contributions of my co-chair Laura Gibney, 
Manager, Foothills Forage & Grazing Association which has been 
integral through out the planning of this conference. 

With this incredible line-up of speakers and topics, we feel confident 
that you will leave this conference with a better understanding of soil 
health, forages, grazing and how they interact. We hope you will 
be inspired, challenged and motivated to implement new ideas and 
changes on your own operation. Please complete the evaluation on 
the last page of these proceedings to share your suggestions and 
ideas for helping us plan the next conference in 2021.   
 
Enjoy!! 
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Stephanie Bilodeau
Agronomy Technician
technician.lara@mcsnet.ca

Office: (780) 826-7260
Fax: (780) 826-7099

laraonline.ca

Samuel Peprah
Manager
manager@mackenzieresearch.ca

Krishanthi Vithanage  
Assistant Manager & Crop Specialist
research@mackenzieresearch.ca

Frank Fehr
Research Technician

Tel: (780) 826-7260
Fax: (780) 826-7099

laraonline.ca

Rachael Nay
General Manager
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battleriverresearch.com
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Communications Coordinator
enviro@foothillsforage.comOffice: (403) 995-9466

foothillsforage.com

Dianne Westerlund 
Manager
cara-dw@telus.net 

Lacey Gould 
Conservation & Agronomist
cara-lr@telus.net
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Management Specialist
carashl@telus.net
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cara-3@telus.net 
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A special ‘Thank You’ to the Planning Team & their committees who assisted in organizing this 
conference. Thanks to all the other individuals, too numerous to mention, who helped make 
this conference a reality.

Daryl Chubb  
DeNovo Ag Inc

Grant Lastiwka
Alberta Agriculture and Forestry

Graeme Finn
Producer

Mel Erickson 
Producer

Committee 
 Chair

Planning 
Team
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AGENDA

DAY 1
7:30 AM REGISTRATION

9:00 AM WELCOME & OPENING REMARKS 

9:15 AM Gabe Brown  
What is Regenerative Agriculture?

10:15 AM Joel Williams 
Roots, Exudates, Aggregates: Rethinking Soil Carbon Dynamics

11:30 AM LUNCH AND TRADESHOW

12:30 PM Kaley Segboer 
Canadian Roundtable for Sustainable Beef 

12:45 PM Dr. Dwayne Beck  
Research Journey to Regenerative Agriculture

2:00 PM  Brendon Rockey 
Biotic Farming: Fundamentals and Applications

3:30 PM COFFEE BREAK AND TRADESHOW 

4:00 PM Lance Gunderson 
Haney Soil Health Test Explained

5:00 PM Producer Panel: Joe Wecker; Harold Perry; Rob Wunder  
Integrating Soil Health Principles into a Cropping System 

6:00 PM Jeffrey Fitzpatrick-Stilwell
McDonald’s Commitment to Canada’s Beef Industry

6:15 - 10 PM EVENING MIXER WITH 
APPETIZERS/FINGER FOODS
& CASH BAR AT TRADESHOW

Sponsored by McDonald’s
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6:45 - 7:55 AM REGISTRATION, BREAKFAST  
& TRADESHOW

7:55 AM  WELCOME & OPENING REMARKS 

8:00 AM  Dr. Kris Nichols & Kimberly Cornish 
Measuring & Mapping Soil Carbon Sequestration

9:00 AM Derek Axten 
Intercropping Insights

10:00 AM  COFFEE BREAK & TRADESHOW 

10:30 AM  Dr. Yamily Zavala
CARA Soil Health Lab: Virtual Tour & More

11:30 AM LUNCH & TRADESHOW

12:30 PM  Dr. Allen Williams  
Grazing for Ecosystem Health & Financial Health

2:30 PM COFFEE BREAK & TRADESHOW
 

3:00 PM Dr. Shabtai Bittman 
Perspectives in Forage - Soil Interactions

4:00 PM Producer Panel: Brett McRae; Leanne Thompson
Completing the Circle with Livestock

4:45 PM EVENING BREAK AND TRADESHOW

7:00 PM BANQUET
Sponsored by Cargill

8:00 PM Dr. Peter Ballerstedt
We Need a Ruminant Revolution! 

9:00 - 10:30 PM CASH BAR, ROOM &  
TRADESHOW WILL STAY OPEN
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6:45- 8:00 AM  BREAKFAST & TRADESHOW

  
8:00 AM  Gabe Brown  

Turning Failure into Successes

 
9:30 AM Stacey Domolewski  

Beef Cattle Research Council Update 

 
9:45 AM  COFFEE BREAK & TRADESHOW  

 
10:15 AM Dr. Surya Acharya 

Sainfoin - A Made in Canada Success Story 

 
11:30 AM  LUNCH AND TRADESHOW

 
12:15 PM  Dr. Llewellyn Manske  

Biologically Effective Grazing 

1:30 PM Producer Panel:  Daniel & Lorin Doerksen; Angela & 
Matt Kumlin; Brendon Anderson

Grazing is Soil Health

 

2:30 PM  SAFE TRAVELS HOME  

**CEU Credits available**

13
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THANK YOU TO
OUR SPONSORS

McDonalds  Evening Mixer Sponsor

Cargill  Banquet Sponsor
EXECUTIVE

KEYNOTE Maia Grazing
Alberta Institute of Agrologists
AFSC
Union Forage
AgSol
Gallagher- Passion For Pasture
Scotiabank
Replenish Nutrients Ltd.
Canadian Cattlemen
Corn Ranches Inc.
Barenbrug 
Western Producer

15

Range Ward
Alpine
Rangeland Research Institute 
FBC – Canada’s Farm & Small Business Tax Specialist
Camrose Regional Exhibition
Imperial Seed
Datamars
Blue Rock Animal Nutrition
Organic Alberta
Cows in Control Inc.
Canadian Cattle Identification Agency
ATP Nutrition
High Brix Manufacturing Inc.
West Central Forage Association
North Peace Applied Research Association
Performance Seed
Agricultural Research & Extension Council of Alberta
Alberta Forage Industry Network
Gateway Research Organization
Sundog Solar

TRADESHOW

MAJOR Alberta Canola
Alberta Wheat Commission
Albert Beef Magazine
Beef Illustrated
The Stockman Grass Farmer  

COFFEE & LUNCH CARA Soil Health Lab
Taurus Ag
Northstar Seed
Ward Laboratories Inc.
Greener Pastures Ranching Ltd.
RA West International Inc.
Scott C Gillespie Agronomy
Greenedge Precision 

14
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PO Box 76060, RPO Millrise, Calgary, AB T2Y 2Z9
Ph 403-250-1090  |   Fax 403-291-9546  |  www.beefnews.com

OUR READERS ARE YOUR CUSTOMERS!
Advertising dollars must be effective and targeted directly to your customers. 

Your customers are our readers and we give you them in spades! In fact, between 
Alberta Beef Magazine and Beef Illustrated, we give you over 20,000 qualified beef producers.

With our publications,100% of your advertising expenditure is effectively reaching a potential 
buyer or one of your previous bull buyers.  There are many cattle producers who utilize 

and benefit from our extensive coverage of the beef industry in Alberta and Saskatchewan 
because we are 100% beef.  Shouldn't you be one of them too?

❚ Targeted only to beef producers
❚ No wasted circulation to farm homes NOT in the beef business
❚ Well read and respected beef publications  
❚ Delivered by addressed mail ONLY

 
Call today, or visit www.beefnews.com 

for special advertising rates for both publications.

Edmonton 
EXPO Centre

January
28 - 30, 2020

ANNUAL GENERAL MEETING
Tuesday January 28 , 2019

2:45pm - Hall F 
Edmonton EXPO Centre

Canada’s Premier Crop Production 
and Farm Management Conference
FarmTech 2020 features an outstanding line-up of

 speakers delivering more than 65 concurrent sessions 

covering the latest in technology, environment agronomy 

and farm business management.

The Agricultural Showcase is home to the 

most innovative companies displaying their products 

and services along with special events and

 networking opportunities.
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Investing  
in Innovative  

Research

At AWC we are committed to supporting the 
development of premium varieties and the 
most advanced agronomic resources and 

tools in the industry.   

Subscribe to
The Grain Exchange  
and Spotlight on Research newsletter 
at www.albertawheat.com

Soil is our most precious asset,

for Generations to come.

let’s keep it Alive

we speak soil
www.agsolcanada.com   855 247 6548
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Agrology is a growing, diverse and exciting profession.  Some of the areas of practice in Agrology include crop 
production; land reclamation; assessment and remediation of contaminated land; food development and 
processing; environmental impact assessment; rangeland and pasture management; wetland and riparian 
management; agricultural marketing and sales; agricultural and natural resource economics; biophysical 
classification and evaluation.  Professional Agrologists and Registered Technologists in Agrology are 
committed to life-long learning and continuing competence in their areas of practice. 
  
The Alberta Institute of Agrologists is the professional regulatory body that exists to ensure that the practice 
of Agrology is conducted with integrity in a competent and ethical manner.  The Agrology Profession Act in 
Alberta requires that all who practice Agrology within the province are members of this peer-regulated 
Institute. 
 

Contact the Institute to become an Agrologist in Training or Agrology 
Technologist in Training or to learn more about the Agrology profession: 

Phone : 780-435-0606      #1430 – 5555 Calgary Trail, NW 
Email: info@aia.ab.ca                      Edmonton, AB    T6H 5P9 
Web: www.albertaagrologists.ca 

Professionals in Agricultural 
and Environmental Science  

When you 
need advice 
on agriculture and 
environment related     
issues, who are you going to 
call? 

...call your Professional Agrologist 
or Registered Technologist in Agrology !!! 

Plant your legacy.

Stability. Rotation. Yield. Innovation

barusa.com

We believe service starts with listening to you. Your challenges are our challenges. 

Your needs are our needs. If you show them to us and share your ambitions, we’ll 

create the solution together.

Teamwork is our key to success. Together with our customers, research partners, 

and distribution partners, we can achieve more. Because we know the whole is 

always greater than the sum of its parts. Because unique contributions allow us 

to excel, we invest in long term partnerships. Come grow with us.
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READ 
CANADA’S 
ONLY NATIONAL 
BEEF INDUSTRY 
MAGAZINE

Look for Mike Millar to learn more about 
Canadian Cattlemen Magazine.

www.canadiancattlemen.ca

Only $17.50 

Call Toll-Free: 1-800-665-1362 

Mention promo code FWC19

Exclusive Offer
     WESTERN CANADA  
CONFERENCE ON SOIL  

HEALTH ATTENDEES

for

65% off 
on a 1-year subscription 

GRAZING AT  

THE HISTORIC

WALDRON 
RANCH

PREVENTING SCOURS · MANAGING PAIN · CALF DISEASE SURVEY

T H E  B E E F  M A G A Z I N E

Mike Roberts 

of Waldron 

Ranch

JANUARY 2019  $3.00 

WWW.CANADIANCATTLEMEN.CA

YEARS

Publications Mail Agreement Number 40069240

A GIFT TO THE FUTURE OF VETERINARY MEDICINE

GENOMIC TOOLS FOR COMMERCIAL CATTLE · HORSES AT WAR

T H E  B E E F  M A G A Z I N E

Publications Mail Agreement Number 40069240

SAT., JAN. 26, 2019

“Canada’s Bulls” M.C. Quantock Bull Sale

Important information on Page 2-3Call for your free Bull Book and DVD

email: mcquantock@hotmail.comBull Book online late December

www.canadasbulls.com

Call Mac...  1-800-561-BULL (2855)

Jack Anderson and 
Wynne Chisholm of W.A. Ranches

DECEMBER 2018  $3.00 WWW.CANADIANCATTLEMEN.CA
YEARS

Publications Mail Agreement Number 40069240

Direct Marketing · Better flooD protection in ManitoBa

T H E  B E E F  M A G A Z I N E

OCTOBER 1, 2018  $3.00

WWW.CANADIANCATTLEMEN.CA

YEARS

Kelly Smith-Fraser and 

her daughter Aubrey, 
Pine Lake, Alta.

the next 
generation

Leading  
with an eye on

Since 1938

A Cargill initiative based on the Certified 
Sustainable Beef Framework developed by the 
Canadian Roundtable for Sustainable Beef (CRSB).

It pays to be 
sustainable

Join Cargill’s Canadian beef sustainability program,  
an effort to develop a certified sustainable supply chain. 

Learn how Canadian cattle producers can earn 
financial credits at CBSApilot.ca
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For more information online: 
ducks.ca

Because that’s something we all want.

There’s a reason why beef producers have a long history in Alberta. They 
understand the nature of the business – and that includes healthy grasslands 
and wetlands.  

Everyone bene�ts when beef producers value conservation. Grasslands 
and wetlands contribute to cleaner air quality. They reduce global greenhouse 
emissions and store carbon in the soil. Grasslands and wetlands support 
unique ecosystems and promote biodiversity. Well-managed grazing rotations 
promote nutrient cycling.

Beef producers get that. So do we. That’s why Ducks Unlimited Canada works 
with Alberta's farmers and ranchers. It's about helping them make the grade 
for producing top-quality beef in a way that supports environmental 
sustainability and meets consumer demand – now and in the future.

Find out more:

Mickenzie Plemel-Stronks
Cattle Industry Liasion
403.796.4807
m_plemel-stronks@ducks.ca

 

Got Power? 
Gallagher’s i Series Energizers have 

got you covered.

Typical Fence Distance:
125 Miles / 3,000 Acres

Energy: 
100 Stored Joules

Typical Fence Distance:
75 Miles / 2,000 Acres

Energy: 
58 Stored Joules

Fence Energizer M10,000i Fence Energizer M5800i

i Series Accessories

i Series Fence Monitor
G51000

i Series Remote
G50700

i Series Wifi Gateway
G56700

Providers of quality electric fence equipment since 1938.

Toll-Free: 1-800-531-5908
gallagher.ca
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WORKING WITH 
CANADIAN FARMERS
TO BUILD A MORE 
SUSTAINABLE FUTURE.

Ben and Steph Campbell
Ranchers, Black Diamond, AB

Proud Sponsor of the
Western Canada Conference

on Soil Health & Grazing.

©2019 McDonald’s



When it comes to agriculture, 
we get it.

For more information, please contact your local Agricultural Specialist 
or visit www.scotiabank.com/agriculturalservices

Our Agricultural Specialists come from agriculture backgrounds to better serve 
your business.

What we can do for you:

•    Review options to stabilize cash flow in case of seasonal fluctuation
•    Meet your credit needs as your business expands or shifts with the times
•    Discuss options to better manage surplus cash
•    Review and document your transition plan

 ®Registered trademarks of The Bank of Nova Scotia.

The Alberta Beef Forage and Grazing Centre is a virtual network developing and transferring 
knowledge, innovative processes and tools to improve the beef and forage industries using 
a systems approach. This joint government-industry initiative is focused on strengthening 
collaborative beef and forage systems research, extension and information sharing in Alberta.
 

Strategic goals:
•	 Reduce	winter	feeding	costs	by	50%
•	 Reduce	environmental	footprint	of	the	cowherd	by	15%
•	 Improve	cow	efficiency	by	15%
•	 Reduce	backgrounding	costs	by	50%
•	 Improve	late	summer/fall	pasture	productivity	by	30%
•	 Build	and	maintain	research	and	extension	capacity

Website:	abfgc.albertabeef.org
Twitter:	@ABForageBeef

Check	out	some	of	the	initial	resources	developed	by	
the	ABFGC	here:	www.beefresearch.ca/feedtesting

Connect with us!

4007 Cherry Ave. · Kearney, NE 68847 · (308) 234-2418 · wardlab.com

GUIDING PRODUCERS TODAY TO FEED THE WORLD TOMORROW

Soil · Soil Health · Plant Tissue · Water
Feed · Forages · Fertilizer · Manure

Offering laboratory analysis of 
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Visit our booth to learn how a water insoluble phosphorus, controlled by plant 
root exudates, known as Crystal Green®, can create a natural soil environment 
to support Arbuscular Mycorrhizal Fungi instead of discouraging it. 

Regenerative Agriculture
With

Greener Pastures Ranching Ltd.
And

Steven Kenyon

Year Round Grazing Systems - This three day course is a very intensive business management school that includes;
economics, finances, human resources, grazing, cell design, rejuvenation, the grazing chart, dormant season grazing, swath
grazing and bale grazing. It goes into not only the production side of a ranch, but the business side as well.

Profitable Pastures - This two day school looks into the grazing side of Year Round Grazing Systems. It still touches on
some of the business management practices, but not as in depth.

Take This Farm and Love It! -A Stockman Grass farmer Business School- This two day school is instructed by Joel
Salatin & Steven Kenyon and is an energizing business school that looks at: What is your business? Who is your business?
Where is the Money? And How to make it all work?

Greener Pastures Workshops - One day workshops or seminars on a variety of topics. We currently have funding
through FBC to help cover costs with these seminars.

Our Schools are Portable. We can come to you.
Please contact us for details about setting up a school in your area. :

skenyon@greenerpasturesranching.com
780 307 6500

or on Facebook at Grener Pastures Ranching

TAKING CARE OF YOUR SOIL HEALTH IS A BIG JOB
LET US HELP YOU OUT WITH...

FIELD SPECIFIC PROGRAMS
www.rawest.com 1-888-972-9378 info@rawest.com



Protect and enhance your operation with AFSC’s suite of risk management products. 

With insurance, income stabilization and lending options, we offer solutions that 

respond to your operation’s needs at every stage.

Contact AFSC about options that are available to you. 

We know you work hard, 
don’t let the unexpected take that away. 

AFSC.ca  •  1.877.899.AFSC (2372)
Social icon

Circle
Only use blue and/or white.

For more details check out our
Brand Guidelines.
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• Management intensive, adaptive & mob grazing
• Multi-Species Grazing
• Grass-Based Livestock Production
• Regenerative Agriculture

Call Today for Your FREE Sample Issue!
1-800-748-9808

WWW.STOCKMANGRASSFARMER.COM
P.O. Box 2300 Ridgeland, MS 39158-2300

DON'T MISS OUT ON UPCOMING  2020 SCHOOLS 
Jan. 17-18 Stockman Grass Farmer’s Business School

Joel Salatin & Steve Kenyon, Sacramento, CA
Feb. 4-5  Grazier's Grassroots of Grazing School

Jim Gerrish, Jackson, MS 
Feb. 6-7  Grazier's Management Intensive Grazing School 

Jim Gerrish, Jackson, MS 

• Direct Marketing
• Grass Finishing
• Genetics
• Soil Health

                                        Our 72nd Year — Since 1947

  THE STOCKMANGrasSFarmer

The international foundation for a HEALTHY PLANET & PEOPLE through 
PROFITABLE GRASS-BASED PRODUCTION. 

 Perennial Forage 
 Cover Crop & Annual Forage 
 Lawn & Turf 
 Native Seed & Reclamation 
 Legend Corn Seed 
 Seed Production Contracts  

Northstar Seed focuses on providing elite ge-
netics with unique characteristics proven in 
Western Canadian conditions. Northstar Seed is 
a proudly Canadian owned company providing 
Canadian grown seed. Expert, personalized ad-
vice, custom blends and a full line of products. 
We will help you create your forage plan, and 
maximize your yield potential. Inquire today at 
your local Northstar Seed dealer. 

Manitoba Head Office: 1-800-430-5955 Okotoks, AB Office: 1-800-805-0765 
Follow us: @northstarseed   www.northstarseed.com Follow us: @northstarseed 

Canadian owned.         Canadian grown. 
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Ben Stuart 780.888.7303
Graeme Finn 403.312.2240

Roger Meyers 306.221.1558    
Mark McNinch 306.845.8036  

Toll Free 1-877-COW-CHOW | www.unionforage.com 
     NEW WAREHOUSE & OFFICE LOCATION

Unit 120, 5423 61st Ave. SE, Calgary, AB. T2C 4N1 

We Specialize in
Perennial & Annual Grazing Systems.

ALL YEAR ROUND.

CARASoilHealthLab.ca

BY PRODUCERS FOR PRODUCERS
CARA’s Soil Health Lab allows producers and others to access biological & physical 
soil assessments, to understand what is affecting their soil health and to build a 
bridge for improving productivity in localized and site specific soil constraints. 

WESTERN CANADA’S FIRST 
SOIL HEALTH LAB

Biological Physical

• Tru-Test energizers & accessories 
• Easy to use hi tensile wire, custom made to NZ 

specs, loose coils, 1/2 mile rolls 
• Pasture pro posts, fully insulated, 30% wood fi-

bre, 70%poly 

• Taragate reels & polibraid 
• Aircraft cable for winter fencing 
• Top quality insulators, gate handles etc. 
• Tru- Test scales and wand readers 
• Tru-Test Energizer repairs 

Jim Bauer 

(403) 443-9445 
jim.bauer50@gmail.com 

Acme, AB 

Anchor JB Ranch Electric Fencing 



DAY 1
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Gabe Brown is one of the pioneers of the 
current soil health movement which focuses on 
the regeneration of our resources.

Gabe, along with his wife Shelly, and son Paul, 
own and operate Brown’s Ranch, a diversified 
5,000 acre farm and ranch near Bismarck, 
North Dakota. The ranch consists of several 
thousand acres of native perennial rangeland 
along with perennial pastureland and cropland. 
Their ranch focuses on farming and ranching in 
nature’s image.

The Browns holistically integrate their 
grazing and no-till cropping systems, which 
include a wide variety of cash crops, multi-
species cover crops along with all natural 
grass finished beef and lamb. They also raise 
pastured laying hens, broilers and swine. This 
diversity and integration has regenerated the 
natural resources on the ranch without the 
use of synthetic fertilizers, pesticides,  
and fungicides.

The Browns are part owners of a state 
inspected abattoir which allows them to 

direct market their products. They believe that 
healthy soil leads to clean air, clean water, healthy 
plants, animals, & people. Over 2,000 people visit 
the Brown’s Ranch annually to see this unique 
operation. They have had visitors from all fifty 
states and twenty-four foreign countries.

Gabe and Brown’s Ranch have received many forms 
of recognition for their work, including a Growing 
Green award from the Natural Resource Defense 
Council, an Environmental Stewardship Award from 
the National Cattlemen’s Beef Association, and a 
Zero-Till Producer of the Year Award, to name a  
wfew. Gabe has also been named one of the twenty-
five most influential agricultural leaders in the 
United States. 

Gabe recently authored the book, “Dirt to Soil, One 
Family’s Journey Into Regenerative Agriculture.” 

He is a partner, along with Ray Archuleta & Dr. Allen 
Williams, in Understanding Ag LLC.

He is also an instructor for Soil Health Academy, 
which focuses on teaching others the power and 
importance of healthy functioning ecosystems.
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KEYNOTE SPEAKER

Dwayne L. Beck is the Research Manager at Dakota Lakes Research 
Farm in Pierre, South Dakota and grew up on a farm near Platte, 
South Dakota. As a professor in the Plant Science Department at 
South Dakota State University, he received his B.S. in Chemistry 
from Northern State University in 1975 and Ph.D. in Agronomy from 
South Dakota State University in 1983. He managed the James 
Valley Research Farm at Redfield in northeastern South Dakota 
in the 1980s prior to managing the Dakota Lakes Research Farm. 
At James Valley, Beck developed farming systems that propelled 
soybeans into crop rotations for the area’s farmers. The Dakota 
Lakes Research Farm is owned by a not-for-profit corporation 
created by family farmers and local businesses in the 1980’s.   
 
This unique cooperative arrangement between South Dakota 
State University and the agricultural producer members of 
the corporation has resulted in substantial success. Full-time 
operations at the present site began in the fall of 1989.  The entire 
facility has been managed using continuous low-disturbance no-till 
and diverse rotations exclusively since its inception. There is also 
activity on integrating livestock into the cropping system and using 
these animals to rejuvenate degraded prairie ecosystems. 
Dr. Beck was inducted into the South Dakota Hall of Fame in 
2007 and was presented with the American Agricultural Editors 
Association Distinguished Service Award in 2008. 
 
He has spoken at numerous national and international meetings 
and is renowned not just for his research work, but also for his 
teaching skills and his unique approach to managing ecosystems 
used for producing food. 

 
www.dakotalakes.com  
beck@dakotalakes.comR
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ROOTS, EXUDATES, AGGREGATES: 
RETHINKING SOIL CARBON DYNAMICS

DAY 1 – 10:15 AM 
JOEL WILLIAMS

Joel Williams is an independent plant and soil 
health educator and a healthy soils advocate. He 
provides lectures, workshops and consultation on 
soil management, plant nutrition and integrated 
approaches of sustainable food production.  
 
He studied a Bachelor of Agricultural Science in 
Australia specialising in plant and soil dynamics and 
has a particular interest in managing soil microbial 
ecology along with crop & soil nutrition to optimize 
plant immunity, soil function and soil quality. 

More recently Joel has been working in the UK 
and Europe integrating soil chemical & biological 
assessments, along with plant nutritional analyses as 
a joined-up strategy for managing crop production. 
Joel has a passion for teaching and sharing both 
scientific and practical knowledge on agroecological 
growing practices and lectures worldwide

46 Our Future Is In The Soil
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Lance attended the University of Nebraska at Kearney earning his 
Bachelors in biology/chemistry in 2005 and his Masters in biology 
in 2012.  He is currently attending the University of Nebraska at 
Lincoln seeking a Doctoral degree in agronomy with an interest in 
soil microbial ecology and soil health. 
 
Lance served as the Director of Soil Health and New Test 
Development at Ward Laboratories for nearly eight years where 
he and his team implemented and performed Haney, PLFA, soil 
enzymes, aggregate stability and water holding capacity tests.  

In 2018, Lance also started Soil Health Innovations, which offers 
the SR-1 instrument for measuring soil respiration and consulting 
services surrounding the Haney Test.  He is a founding member and 
President of Regen Ag Lab, which he hopes will be open for business 
in early 2020.  Regen Ag Lab will continue to focus on established 
and newly developed agronomic tests designed to aid producers 
managing their operations under the regenerative ag model.

HANEY SOIL HEALTH TEST EXPLAINED

DAY 1 – 4:00 PM 
LANCE GUNDERSON

KEYNOTE SPEAKER
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Brendon Rockey is a third generation farmer in Center, 
Colorado. On Rockey Farms, he raises specialty potatoes 
and quinoa among cover crop fields, all cultivated in a living 
environment. Companion crops, animals, cover crops and 
flowers replace synthetic fertilizers, herbicides, fungicides 
and insecticides. The 500-acre, irrigated farming system 
sustains yields, has greater water efficiency and it supports 
a flourishing ecosystem encouraging beneficial insects, soil 
microbes and carbon cycling. 

At 7,600 feet above sea level, Rockey Farms also 
produces cide-free, year- round certified seed potatoes 
in a greenhouse while operating an off-farm packaging 
warehouse.

Learn about Brendon’s biotic management system, which 
is founded on carbon cycling and diversity. He explains 
how synthetic inputs and the absence of life breakdown 
soil resiliency and, in turn, how a biological farming system 
supports not only soil health, but the overall farm’s health. 
Brendon will share the science behind his approach and 
how he continues to build on soil health fundamentals with 
regard to his available resources.

Learn more about Brendon at 

www.brendonrockey.com
www.rockeyfarms.com
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INTEGRATING SOIL 
HEALTH PRINCIPLES INTO 
A CROPPING SYSTEM

PRODUCER 
PANEL

Harold is a potato farmer with a lovely wife and 4 great kids. 
Harold farms 4200 irrigated acres in the Taber, Alberta area 
with his brother Chris and father Gerald. Potatoes are the 
main crop, grown for Frito Lay and McCain. Other crops 
grown on the farm are process peas, grains, sunflowers, 
silage corn, seed canola, mixed forage, cover crops, and 
green manure.

Harold has been attending soil health conferences with 
a network of likeminded agriculture enthusiasts he met 
through his Nuffield scholarship travel. Harold’s Nuffield 
scholarship was like a sabbatical from the day to day farming 
routine and a breath of fresh farm air. This invigorated Harold 
on his journey to creating resilience and health in his soils 
through diversity in cover crops, green manure, crop rotation 
and soil amendments.

• Potato Growers of Alberta research chair 2002-2019
• Nuffield scholar and director 2006-2019
• Alberta Vegetable Growers, director and chair 2008-2017

Joe along with his wife Wendy, their three children and his 
parents, operate a certified organic grain farm in the Regina 
Plains.  After many years of conventional farming, the Weckers 
saw the damage that was being done to the soil and ecosystem 
and made the choice to work alongside nature in an organic 
cropping system.  Currently they use a system of Nutrition 
Farming where they strive to optimize the health of their plants 
by applying micronutrients as needed. They also use organic 
soil amendments, such as compost extract, fish fertilizer, 
kelp, molasses and humates to stimulate the biology in the 
soil. They have a diverse crop rotation that includes up to 13 
different crops, many of which are intercropped. They also use 
companion crops and cover crops on nearly the entire farm. 

When their children were very young, Joe and Wendy began 
thinking about food and nutrition differently. While focusing 

more on their family’s nutrition they began to realize how often this component is often 
overlooked in our current food production system.  They place great importance on producing 
high quality, nutrient dense grain that is free of chemicals, while having a positive impact on 
the surrounding ecosystem. 

Rob Wunder is a fourth generation farmer from Foam Lake, 
Saskatchewan. Together with his parents, brother and wife, 
they run an organic/conventional regenerative operation 
along with a cow calf operation. They have been focused on 
soil health, regenerative agriculture, biology and profitability 
for many years now! They integrate their livestock, with very 
high stock densities, utilize cover crops both season long  
and relay covers. They make their own compost/vermaculture 
along with compost extracts and teas to apply in furrow and 
foliar. They strive to implement the soil health principles on 
every acre and are always learning and looking for ways  
to improve!  

DAY 1 – 5:00 PM 
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Derek Axten owns and operates a diversified grain 
farm in Southern Saskatchewan with his family.  
He has implemented innovative ideas to improve 
sustainability and profitability of the family farm. 
While attending many workshops and conferences 
with his wife, they met many farmers and scientists 
who taught them to change the way they looked 
at farming. This led to their journey towards soil 
health and regenerating their farmland.  Learning 
about soil biology and how soil functions, has 
renewed their passion for farming, and improved 
the farm’s productivity.

Derek operates a no-till farm and has improved 
their soil health by seeding intercrops, companion 
crops and cover crops.  Increasing the farm’s plant 
diversity and intensity is feeding the soil biology, 
which in turn is regenerating the land.  Improving 
soil health has allowed him to reduce synthetic 
inputs, increase water efficiency and build organic 
matter.  He has also implemented controlled traffic 
farming, composting and grazing as part of their 
farming system.  K
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Dr. Nichols is a leader in the movement to 
regenerate soils for healthy food, healthy people 
and a healthy planet by reducing greenhouse 
gas emissions from agricultural production, 
sequestering carbon in soil, and providing abundant 
and nutritious food.   
 
As Chief Scientist at Rodale Institute she oversaw 
approximately 15 research trials on organic 
agriculture, including the Farming Systems Trial®, 
the longest-running side-by-side U.S. study 
comparing conventional chemical agriculture with 
organic, biologically-based methods. She was 
also primarily responsible for a six-year project to 
explore the impacts of agricultural management 
practices on water quality in the Delaware River 
Watershed. Her research has focused on the 
impacts of cropping and grazing systems on soil 
microbiology, nutrient cycling, and soil aggregation 
to improve soil health and water quality.  
 
She continues to develop and evolve methodology 
and tools farmers, home-owners, and students may 
use to examine and appreciate their soil.
 
Dr. Kristine Nichols, BSc, MSc, PhD 
https://www.linkedin.com/in/kris-nichols-348041a5/

MEASURING & MAPPING SOIL CARBON SEQUESTRATION
DAY 2 – 8:00 AM 

DR. KRIS NICHOLS & 
KIMBERLY CORNISH

KEYNOTE SPEAKER

Kimberly has worked internationally in the areas 
of vocational training and food security drawing 
on her educational background in political 
science and international development. 

Since returning to Canada, she has headed up 
Food Water Wellness Foundation to advance 
agricultural practices that are environmentally 
regenerative.  Her focus has been to find a cost-
effective way to measure and monitor soil carbon 
sequestration. 

She maintains a number of important roles 
and responsibilities: 

• Executive Director and founder of Food Water 
Wellness Foundation and coordinator of 
Rootstock, an annual farm-to-table event

• Member of the United Nations  
FAO Working Group on Soil Carbon 
Sequestration

• Member of the Advisory Board of Rural 
Routes for Climate Solutions, Alberta

• Co-Chair of the Organic Value Chain Round 
Table Carbon Sequestration Task Force.
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Soil Health & Crop Management Specialist Dr. Yamily Zavala has 
managed the Chinook Applied Research Association’s crop and soil 
program for the past six years. Prior to joining the CARA staff, she 
was a crop production consultant based out of Ottawa where project 
work took her to Central and South America as well as points in 
the south and west of Africa. Early in her career, Yamily was a Soil 
Scientist for the National Agricultural Research Foundation at the 
Tachira State Research Center in Venezuela.

Yamily’s extensive international experience in restoring soil fertility 
and improving cropping systems is supported by an education 
focused on agriculture and soils. She obtained an Agricultural 
Engineering degree at a university located in the Venezuelan Andes 
Mountains. She attended Missouri University achieving a Masters in 
Agronomy (with minor in Soil Science) and earned a PhD in Soil and 
Plant Nutrition from Cornell University.

Her passion for understanding and improving the health of soils has 
contributed to improvements in the local agricultural economies 
where she has worked. In addition to applied research projects, she 
manages CARA’s Soil Health Lab (CSHL), the first lab of its kind in 
Western Canada. The CSHL focuses on the evaluation of physical 
and biological soil properties and allows producers the opportunity 
for hands-on evaluation of their soils. She is a sought after speaker 
and has addressed producers across Western Canada on various soil 
health topics and demonstrations.

Yamily has two beautiful daughters who have supported her 
throughout her career.

Dr. Zavala can be contacted at carashl@telus.net or 403-664-3777C
A

R
A

 S
O

IL
 H

EA
LT

H
 L

A
B

: V
IR

T
U

A
L 

TO
U

R
 &

 M
O

R
E

D
AY

 2
 –

 1
0

:3
0

 A
M

 
D

R
. Y

A
M

IL
Y

 Z
A

VA
LA

K
EY

N
O

T
E 

S
P

EA
K

ER

56 57
SP

O
N

SO
RE

D
 B

Y 
A

FS
C



Allen Williams is a 6th generation family farmer and founding partner of Grass 
Fed Beef, LLC, Grass Fed Insights, LLC, and a partner in Joyce Farms, Inc. He 
has consulted with more than 4200 farmers and ranchers in the United States, 
Canada, Mexico, and South America on operations ranging from a few acres to 
over 1 million acres. Allen pioneered many of the early adaptive grazing protocols 
and forage finishing techniques and has spent the last fifteen years refining 
those. He is a “recovering academic”, having served fifteen years on the faculty 
at Louisiana Tech University and Mississippi State University. He holds a BS and 
MS in Animal Science from Clemson University and a PhD in Livestock Genetics 
from LSU. He has authored more than 400 scientific and popular press articles, 
and is an invited speaker at regional, national, and international conferences and 
symposia. Major areas of research and business focus include soil health, cover 
crop/livestock integration, adaptive forage & grazing management, high attribute 
pasture-based meat production, and alternative marketing systems.

Allen and his colleagues specialize in whole farm & ranch planning based on 
the concept of regenerative agriculture. Their approach creates significant 
“value add” and prepares the landowner for multiple enterprise/revenue 
stream opportunities that stack enterprises and acres. This approach allows 
for enhanced profitability and/or investment value. They routinely conduct 
workshops and seminars across North America.

Allen is featured in the Carbon Nation films, Soil Carbon Cowboys, Soil Carbon 
Curious, and Givers & Takers, and has a recently released book, Before You Have A 
Cow, co-authored with Teddy Gentry. He is a regular contributor to Graze and has 
written articles for the Organic Broadcaster, Stockman Grass Farmer, and many 
other publications. He currently serves on the board of directors of the Grass 
Fed Exchange and the Mississippi Sustainable Agriculture Network, core team 
member of The Pasture Project, and co-investigator for Team Soil Carbon. He also 
serves as an officer in the Starkville Civitan Club and is active in his local church.
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Shabtai Bittman is a veteran research scientist who has 
spent most of his career with Agriculture & Agri-Food 
Canada in British Columbia, Saskatchewan and Nova 
Scotia. Throughout his career he has been developing 
improved and sustainable forage production systems 
adapted to the Maritimes, Saskatchewan and over the 
past decades, to British Columbia. His university training 
was in plant ecology and plant physiology and he has 
been applying these disciplines to improving forage 
production systems. 

The goal is always to cut though complex information 
and data to identify practical solutions that would be 
of interest to farmers. This has included understanding 
vegetation analysis in new and old pastures, using 
strategic methods for brush control and trying to 
understand how the science of drought resistance in 
plants can help farmers. In recent years 

Dr. Bittman has been attempting to unravel the puzzle of 
waste management and nutrient utilization at the field, 
farm, and regional and even national levels to render 
farming more sustainable. Dr. Bittman initiated the 
website www.farmwest.com and with the help of the 
Pacific Field Corn Association has published three books 
on grass and corn management, the most recent entitled 
‘Cool Forages’.  Dr. Bittman will share his knowledge 
from decades of research in contrasting environments 
and a wide variety of projects to help gain clearer 
“Perspectives in Forage-Soil Interactions”.

KEYNOTE SPEAKER
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Brett McRae is the owner/operator of McRae Land & Livestock 
located 15 min SW of Brandon, MB. There he farms 450 acres of 
crop land &  820 acres of perennial pasture with 50 head of purebred 
Angus cows and a variable amount of stockers or custom grazing 
cattle. 

In 2014, Brett was fortunate enough to be selected for the 
Cattlemen’s Young Leaders program, and mentored with Steve 
Kenyon, of Greener Pastures Ranching Ltd. Since then he has 
converted his farming operation from a conventional purebred 
cattle operation, to a regenerative operation, implementing 
management intensive grazing, and the soil health principles 
wherever possible. 

Brett is very passionate about regenerative agriculture, and strives 
to be an innovator in ways to apply the soil health principles, and 
increase profitability and cash-flow for his farm and others. Brett 
will be speaking on the work he has done this year to inter-seed a 
relay forage crop into his wheat & corn fields to integrate livestock, 
keep a living root in the soil longer, & increase profitability!

Leanne and her husband Ryan own and operate Living Sky Beef 
located near Minton, SK. Leanne attended the University of 
Saskatchewan, graduating with a Degree in Agriculture and Master 
of Sci. Degree in Animal Science. Her MSc. project focused on the 
grazing attributes of hybrid bromegrass and from this experience, 
she developed a taste for research and all things forage! Following 
University, Leanne moved to Lethbridge, AB where she worked at 
Agriculture Canada as a research assistant.  

Leanne and Ryan moved back to Saskatchewan in 2005 where 
Leanne began working as a consultant, managing projects and doing 
communications work for a variety of Agricultural organizations 
including the Saskatchewan Forage Council, Saskatchewan Prairie 
Conservation Action Plan, the Saskatchewan Stock Growers and 

the Saskatchewan Cattle Feeders Association. In 2010, Leanne and Ryan purchased land near Minton, SK and in 
2012 incorporated as Living Sky Beef. Their operation incorporates beef and forage management and includes 
commercial cow/calf herd, as well as a backgrounding, and custom cattle feeding and custom baling. Since 
beginning operation of Living Sky Beef, Leanne and Ryan have been working to continually improve the health of 
their land base by incorporating grazing management and soil health principles.   

COMPLETING THE  
CIRCLE WITH LIVESTOCK

PRODUCER 
PANEL

DAY 2 – 4:00 PM 

LEANNE THOMPSON

BRETT MCRAE

Sponsored by Cargill 
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Peter Ballerstedt (aka The Sodfather) received his 
Bachelor of Science in Agriculture in 1981 and Master 
of Science in 1983, both from the University of Georgia. 
He received his Ph.D. from the University of Kentucky in 
1986, specializing in forage management and utilization, 
minoring in ruminant nutrition. He was the forage 
extension specialist at Oregon State University from 
1986 to 1992. He currently works for Barenbrug USA, 
a grass seed company. His study of human nutrition is 
fueled by his personal experience. He is an advocate for 
ruminant animal agriculture and its products, speaking 
to audiences in several countries about the role of 
ruminants in humanity’s past, present and future. He 
strives to build bridges between his agricultural tribe 
and his low-carb/keto/carnivore tribes. Peter blogs and 
posts to facebook at “Grass Based Health” and on Twitter 
and Instagram at @GrassBased. Peter and Nancy live in 
western Oregon with their two dogs Conor and Noni.
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Surya Acharya is a Research Scientist with 
Agriculture and Agri-Food Canada Lethbridge 
Research & Development Centre since 1989. He has 
developed and commercialized high yielding disease 
resistant cultivars of traditional forages such as 
alfalfa, sainfoin, cicer milkvetch and orchardgrass. 
He has also developed and commercialized the first 
North American cultivars of perennial cereal rye and 
forage fenugreek along with many native Alberta 
grass cultivars. 
 
In recent years he has developed an acid tolerant and 
a saline tolerant alfalfa for western Canada. In addition 
he has recently developed and commercialized 
two sainfoin cultivars AAC Mountainview and AAC 
Glenview that can prevent alfalfa pasture bloat.  

Dr. Acharya has earned National and International 
awards, positions in Scientific Societies and has 
served on Editorial Boards of International Journals. 
He has authored or coauthored over 500 documents 
including 187 journal articles, 5 books, 8 book 
chapters, and 16 invited review articles. His awards 
include “Breeder of the Year Award” in 2012 by the 
Canadian Seed Trade Association and Canadian 
Seed Growers Association, the Key to the City of 
Lethbridge and Fellowship Awards from International 
College of Nutrition (ICN) and Canadian Society 
of Agronomy. He has organized and served on the 
organizing committee of national and international 
conferences and has been invited to Chair 
sessions and present keynote talks in national and 
international conferences. Dr. Acharya has served as 
an Adjunct Professor in four Canadian universities 
and two universities in China.
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Manske received a PhD in Range Management from 
NDSU in 1980. He has studied grazing management 
strategies that benefit livestock production, enhance 
grass growth mechanisms, and improve wildlife 
habitat for 45 years and studied grazing effects on 
rhizosphere microorganisms and the ecosystem 
biogeochemical processes for 37 years. Manske 
developed the twice-over rotation grazing system.  
Manske has written 81 refereed publications, one 
refereed book chapter, 1220 scientific reports, and 
598 media communications. His web site is at  
www.grazinghandbook.com and his book chapter is at  
https://hdl.handle.net/10365/28801.wB
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GRAZING IS SOIL HEALTH

PRODUCER 
PANEL

DAY 3 – 1:30 PM

Brendon was raised where he currently farms near Rimbey. Before 
deciding to be a farmer, his parents encouraged him to get an education.  
Brendon became a tradesman and worked in Calgary and Red Deer for 
over 15 years.  In 2012, about the same time that his folks were talking 
about retiring, Brendon and his wife had a set of twins. They decided 
to take the plunge and purchased the farm. It has been a very steep 
learning curve for them over the last 7 years and there have been some 
bumps. However, they’ve been able to persevere and continue to work 
toward their common goal of soil improvement and forage management 
with livestock as the keystone. Brendon and his wife say the curve 
isn’t flattening out yet, but they are encouraged by the results they are 
starting to see in their soils, and excited by the challenge of working 
toward a year round grazing system.

BRENDON ANDERSON

Gemstone Cattle Company is a mixed farming & ranching operation in Gem, 
AB. Brothers Daniel & Lorin Doerksen are 4th generation operators on the 
family farm along with their father Arno and his brother Tim. Their irrigated 
land base supports production of cash crops & forage crops grown for winter 
feed and silage to support a backgrounding and finishing feedlot. Along with a 
commercial cow-herd, the family also raises purebred Hereford & Red Angus 
cattle offering forage developed bulls & bred heifers for sale annually. They 
select for easy fleshing cattle with fertility and longevity being top priorities.  
 
Daniel began farming after earning a diploma in Animal Science from 
Lethbridge College with a particular interest in the purebred side of the 
business. Lorin has a bachelor of Environmental Science from the University 
of Lethbridge and worked in the land reclamation industry for several years 
before returning to the farm full time. 

Recent awareness of the regenerative farming movement caught the attention 
of the brothers several years ago. Since then they have started using cover 
crops for grazing, integrating their livestock more intentionally in the cropping 
system with the goal of building soil health & reducing inputs.  

With cattle genetics geared for beef production on forage, the Doerksens have 
also ventured into direct marketing of grass finished beef under their brand 
Gemstone Grass Fed Beef. They market their beef directly to consumers 
through an online store at www.gemstonegrassfedbeef.com and wholesale to 
several grocery stores and restaurants in Alberta. The farm to plate business 
has given them cause to continue improving the quality of their beef through 
genetics and rotational grazing management. 

DANIEL & LORIN DOERKSEN

Matt and Angela Kumlin ranch west of Calgary in the Jumping Pound 
area near Cochrane. Matt grew up on the family ranch there, and Angela 
is from a grain farm in west-central SK near Eston. Matt and Angela both 
have a Bachelor of Science in Agriculture, majoring in Animal Science 
from the University of Saskatchewan, and Matt has a Doctor of Veterinary 
Medicine from the University of Calgary. They have been ranching part-
time for several years but in December of 2017 they made the move back 
to Matt’s family’s ranch and took over management at that time. Both 
Matt and Angela are very interested in how regenerative agriculture can 
transform their ranch and their lives.

ANGELA & MATT KUMLIN
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GABE BROWN 
DAY 1 9:15 AM

TIME FOR CHANGE:  
THE COMPELLING CASE FOR  
REGENERATIVE AGRICULTURE
You cannot pick up a farm magazine, listen to a farm 
radio program, or talk to an agri-business spokesperson 
without hearing the words “regenerative agriculture.”  
But what is regenerative agriculture and why is it 
creating such interest?

Merriam-Webster dictionary defines regeneration as, 
“a renewal or restoration of a biological system after an 
injury or as a normal process.”  I find this a very fitting 
definition because the prevalent methods being used in 
farming and ranching today are actually “injuring” our 
ecosystems. In contrast, nature wants to heal itself, thus 
it is a “normal process.”

Many who farm, ranch and make their living from 
agriculture would argue that the methods being used 
today do not “injure” or “degrade” our ecosystems. But 
let’s just look at what the current production model has 
done, using my own ranch as an example. 

THE PLOW THAT BROKE OUR SOIL
From historical archives we know that 140 years ago, 
this part of North Dakota was covered with a diverse 
mix of cool- and warm-season grasses and broadleaves.  
Immigrants moved onto these prairies, bringing with 
them the plow.  Diverse prairies soon were turned under 
with tillage. Tillage crushes, smashes, and pulverizes the 
soil aggregates that enable healthy soil function. During 
this intrusive plowing process, oxygen is infused into 
the soil, stimulating R-Strategist opportunist bacteria. 
These bacteria multiply quickly and consume the 
highly soluble, carbon-based biotic glues. These glue 
substances form/hold the micro and macro aggregates 
together. In other words, these highly complex, super 
molecular glues hold the sand, silt, clay particles 
together creating “living and breathing space” within the 
subterranean soil ecosystem. 

But when these glues are consumed by these opportunist 
bacteria, soil aggregates collapse and the silt and clay 
particles fill the voids, further reducing soil porosity. This 
reduced porosity causes anaerobic conditions which alters the 
type of soil biota, which may increase pathogens & a loss of 
nitrogen in the system because of identifying bacteria.

Further, once these glues are consumed as microbial 
energy, CO2 gas is released into the atmosphere. No 

pollinator species such as bees. The same pollinators that 
are needed to pollinate our crops!  Wow! There are very few 
fruit and vegetables grown today that do not have copious 
amounts of insecticides sprayed on them. Is it any wonder 
why we have such a dysfunctional ecosystem? A recent 
study conducted in Germany showed a 70 percent loss in 
insect biodiversity in less than 30 years!

THE IMPACT ON FARM ANIMALS  
AND HUMANS
From a livestock perspective, the goal of “more pounds” 
led to placing animals in confinement. Dairy and beef 
were taken off pasture, where they once benefited 
the ecosystem by grazing living plants thus cycling 
more carbon, & were put into confined lots. Their diets 
changed from one of forage to one based on high-starch 
grain, in turn affecting their own health and longevity. 
It is common for most dairy cows that are raised in this 
method to have a lifespan of less than four years! Add 
that to the fact that the milk, cheeses, & other products 
from them is much lower in nutrient density & we can 
see the resulting impact on human health, as well.

The same can be said of beef animals. High-starch 
rations negatively impact the life of the animals, as 
well as the nutritional value of the beef itself. It has 
long been known that our diets should have an omega 
six to omega three ratio of less than two to one (2:1). 
Grass fed beef has this proper ratio, but grain fed beef 
does not. It has a ratio of 7:1 or higher! Consider the 
ramifications of eating grain- feed beef over one’s 
lifetime. Is it any wonder we have a human health crisis? 

The feedlot industry has nothing to do with the cattle 
business. They are in business to market feed and pen 
space. They want cattle that will eat a lot of feed and 
take a long time to finish because it is in their best 
interest. Do any of us really believe that a grazing animal 
prefers to be in a feedlot? Just open the gate and see 
which they choose. 

Hogs, chickens and turkeys were put into buildings in the 
ruse that they would be “better off.” Do any of us, as farmers 
& ranchers, want to sit in a cubicle all day, every day?

Now, think of what else this production model has 
caused.  It has led to tighter and tighter margins for 
producers. Farm debt has increased significantly.  
Lower margins mean producers must farm more and 
more land to make ends meet.  As farm size increases, 
it leaves fewer and fewer people on the land. In other 
words, this production model has led to the demise of 
many of our small towns.  

one can argue the fact that too much carbon has left our 
soils and moved into the atmosphere. This additional 
source of CO2 is widely considered to be a significant 
contributor to what many today call climate change.

As microbes die they release soluble forms of nitrate 
nitrogen into the soil solution which, in turn stimulates 
weeds. Tillage also diminishes complex mycorrhizal 
fungi networks. The resulting severed hyphal network 
can no longer deliver complex amino acids and other 
complex organic/inorganic molecules/minerals, which 
adversely impacts plants, animals and humans.  Fewer 
nutrients for the plants also means less nutrients for 
animals and people.

MONOCULTURE & THE DEMISE 
OF DIVERSITY
To add additional injury to the prairie, we followed 
tillage with monoculture grain production.  And not just 
monocultures but fewer and fewer plant species as 
well. Where once grew over 100 species, now only a few 
grow.  Today, fifteen crops supply approximately 90% 
of the plant-based food we eat! Any bet that those early 
settlers ate a much more diverse diet than we do today?

This loss of biodiversity has led to many things, 
including a reduction in soil nutrient cycling, which led 
to an increase in the use of synthetic fertilizer, much of 
which ends up in our watersheds, causing issues all the 
way down the watershed and into the oceans.

The overuse of synthetic fertilizer has also led to an 
increase in weeds (most weeds are high nitrogen users).  
An increase in weeds led to an increase in the use of 
herbicides.  Many of the herbicides used today are 
chelators and chelators bind to metals such as zinc, 
manganese, magnesium, iron and copper. Can you 
guess where this is leading?

These are the same nutrients that are needed by the 
plant to ward off disease.  A lack of these nutrients can 
lead to a higher incidence of fungal diseases, among 
others. An increase in fungal diseases leads to an 
increased use of fungicides, which are detrimental to 
soil biology and pollinators.

The lack of nutrients available to the plant also makes 
the plant more susceptible to pests. An increase in pest 
pressure leads to an increased use of pesticides. Of course, 
the majority of pesticides are not pest specific which means 
many beneficial insects will be killed also. This includes 

THE HOPE IN  
REGENERATIVE AGRICULTURE
So, how do we reverse this?  Regenerative agriculture, 
that’s how. Regenerative agriculture has the ability to 
address all of the “symptoms” that we are experiencing. 
There is no set definition for regenerative agriculture, 
and I don’t know that there should be, as it needs to 
be adaptive itself.  For now, I offer this; “Regenerative 
agriculture is a renewal of food and farming systems 
which aims to regenerate topsoil, increase biodiversity 
improve the carbon, mineral and water cycles while 
increasing farm, ranch and community profitability 
while ensuring an enjoyable quality of life.”

By following nature’s principles, minimizing soil 
disturbance, keeping the soil covered, ensuring diversity 
with living plants, integrating animals and farming 
and ranching in context, we can reverse most, if not 
all, of the negative impacts of the current industrial 
agriculture model.

We can take carbon out of the atmosphere and put 
it back into the soil, reversing the increasing levels 
of carbon in the atmosphere.  Carbon in the soil 
will restore nutrient and water cycles. As soil health 
is improved, pressure from pests and disease will 
decrease, as will, input costs, which will improve farm 
and ranch profitability.  More carbon in the soil builds 
resiliency into our farms and ranches by making soil 
more resilient to swings in moisture and temperature, 
which also improves long term profitability.

From an environmental standpoint, regenerative 
agriculture will reduce nitrates and phosphates in our 
watersheds and lead to improved water quality.  More 
carbon in the soils of our farms and ranches leads to 
higher water-holding capacity which mitigates flood-
related damages to infrastructure in our communities.
And then there are the benefits to human health.  As 
soil health is advanced, the plants grown in those soils 
are higher in plant secondary metabolites and tertiary 
compounds.  These compounds improve both animal 
and human health.  Improved nutrition will result in 
better human health and lower health care costs, which 
benefits us all.

THE TIE THAT BINDS
Another benefit I see occurring from a focus on 
regenerative agriculture is how it brings society 
together. Whether your priority is farm profitability, 
climate change, water quality, human health or others, 
regenerative agriculture has the potential, more than 
any other cause, to unite us. I encourage everyone 
to join together to support those farmers, ranchers, 
organizations and businesses that are working to realize 
the full potential of regenerative agriculture.
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NOTES JOEL WILLIAMS  
DAY 1 10:15 AM

these exudate-microbial interactions with the 
genetics of the plant and the gene bank of 
the soil microbiome. This then highlights that 
these exudate-microbial interactions can be 
pre-predicted and pre-programmed via the 
genetics and hence, manipulated for our benefit 
via plant breeding. With this extension of our 
understanding, it means we can begin specifically 
breeding new varieties to exude specific root 
exudates to induce specific microbes to perform 
beneficial functions for sustainable production 
systems. We are all aware of the benefits of plant 
breeding generally but now being able to link 
plant breeding to soil microbiomes opens up a 
whole host of new possibilities in redesigning our 
production systems with targeted varieties. 

MAIZE THAT CAN FIX ITS OWN 
ATMOSPHERIC NITROGEN?
A perfect practical example demonstrating 
the findings in the previous paper, was the 
remarkable research out of USA/Mexico which 
uncovered a native landrace variety of maize 
cultivated for generations in a low nitrogen [N] 
soil by the indigenous peoples of Mexico². This 
particular maize landrace is characterized by 
the development of aerial roots that secrete a 
carbohydrate-rich mucilage which was found 
to specifically recruit free living nitrogen fixing 
bacteria [Figure 1]. The roots essentially provided 
a home and specific food source for the bacteria 
to colonize and fix atmospheric nitrogen to the 
maize in exchange for carbon. The researchers 
hypothesized that “indigenous landraces of maize 
grown using traditional practices with little or no 
fertilizer might have evolved strategies to improve 
plant performance under low-nitrogen nutrient 
conditions” and were they ever right – it turns out 
the maize was able to fix from 29-82% of its own 
nitrogen requirements. The researchers took the 
variety to US soils and the maize was still able to 
perform this N fixing function, highlighting it was 
the plant genetics that were critical, not solely a 
specific N fixing bacteria unique to those low N 
soils in Mexico. This paper highlights wonderfully 
the potential of linking plant breeding and soil 
microbiome research and offers a tantalizing 
prospect of crossing this landrace maize with 
modern varieties of maize enabling them to fix a 
significant percentage of their own nitrogen and 
hence lowering our dependency on N from the bag.  

5 RECENT INSIGHTS INTO THE 
EMERGING IMPORTANCE OF PLANT 
ROOT EXUDATES

NEW THINKING ON ROOT EXUDATES
In the same way that much of our understanding 
of soil microbiology is rapidly expanding with next 
generation, more powerful analytical techniques, 
we are also gaining fascinating new insights into the 
dynamic nature of organic molecules that plants 
exude during their life cycles, as well as their various 
functions in plant and soil interactions. What makes 
this topic particularly interesting that said, is the 
link between root exudates and soil biology. This 
interaction all happens in one of the hotspots of soil 
science investigation presently, in the rhizosphere. 
There is some fascinating research exploring root 
exudates, rhizosphere ecology and plant-microbe 
interactions; it’s a bit of a can of worms, so much so, 
that I thought I would share a mini-summary of just 
five fairly recent studies that were all published last 
year. I will be speaking more broadly about roots, 
root exudates and aggregates at the conference but 
here we will focus on 5 insights into the emerging 
importance of plant root exudates. 

ROOT EXUDATES AS REGULATORS OF 
THE SOIL MICROBIOME
We’ve had a clear idea that plants modify the soil 
microbiome in all sorts of various ways as they grow 
and develop during the growing season. This fact 
has often been exploited via the use of brassica 
green manures for biofumigation; high biomass 
grasses for organic matter accumulation; nutrient 
scavenging plants to stimulate microbial liberation of 
locked up nutrients; or more recently, diverse cover 
crop cocktails to support a spectrum of biologically 
driven agronomic and ecosystem services. Many 
of the above benefits have already been linked 
specifically to the activity of root exudates of the 
plants, however, a recent study explored the direct 
link between specific root exudates and their ability 
to recruit specific microbial species with a feeding 
preference for those exudates¹. We’ve had pieces 
of evidence of this for some time, for example, 
knowing that legumes release flavonoids to activate 
rhizobia or mycorrhizal associating plants exuding 
strigolactones to induce mycorrhizal colonization. 
However, this study went a step further linking 
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NOT JUST A SWEET TOOTH AFTER ALL
I’m sure you’ve all heard it a hundred times over, 
the classic line “plants exude sugars to feed soil 
microbes”. Of course, there is nothing wrong or 
false with this statement whatsoever but it is a 
gross simplification of the intricate nature and 
composition of plant root exudates³. Beyond sugars 
and carbohydrates which plants exude as raw food 
or energy for the soil food web, plants additionally 
release a whole cocktail of other compounds and 
chemicals which serve a multitude of different 
functions, some of which are outlined in Table 1⁴ 
Intertwined with this sugar centered paradigm, it has 
long been assumed that sugars were the sole food 
source of mycorrhiza [as provided by plants] and 
that the fungus subsequently synthesized fatty acids 
from those plant derived sugars. Advances in genetic 
analysis however revealed that the genes that encode 
lipid synthesis are absent in mycorrhiza, so this is not 
actually possible. Researchers finally identified that 
not only do plants deliver sugars to mycorrhizal fungi 
but they additionally transfer lipids to the fungus 
also⁵. Evolutionarily speaking, it is thought that this 
is an energy saving adaption from the mycorrhizal 
fungi who can expend more energy on scavenging 
nutrients from the soil rather than waste energy on 
this lipid synthesis themselves. This study indirectly 
emphasizes the importance of also optimizing plant 
nutrition being that essential minerals [such as sulfur 
in this example] are central cofactors in a host of 
enzymes which catalyze the biosynthesis of plant 
compounds such as lipids. 

Table 1: Potential functional role of root exudate 
components identified from different rhizospheres. 
Source: El Zahar Haichar et al [2014].

Figure 1: Aerial roots on maize excreting a carbohydrate rich 
mucilage containing specific exudates now known to recruit N fixing 
bacteria. Source: Van Deynze et al [2018].

EXUDATES 
COMPONENT FUNCTIONS

Organic 
Acids

• Nutrient source 
• Chemoattractant signals 

to microbes 
• Chelators of poorly soluble 

mineral nutrients 
• Acidifiers of soil 
• Detoxifiers of Al
• nod gene inducer

Amino 
Acids

• Nutrient source 
• Chelators of poorly soluble 

mineral nutrients 
• Chemoattractant signals  

to microbes

Sugars & 
Vitamin

• Promoters of plant and 
microbial growth 

• Nutrient source

Proteins & 
Enzymes

• Catalysts for P release from 
organic molecules 

• Biocatalysts for organic matter 
transformations 

• Plant defense

Purines • Nutrient source

Inorganic 
Ions & Gases

• Chemoattractant signals  
to microbes

Phenolics

• Nutrient source 
• Chemoattractant signals to 

microbes 
• Microbial growth promoters 
• nod gene inducers & inhibitors 

in rhizobia 
• Resistance inducers against 

phytoalexins 
• Chelators of poorly soluble 

mineral nutrients 
• Detoxifiers of Al 
• Phytoalexins against soil pathogens

Root 
Border 
Cells

• Produce signals that control 
mitosis 

• Produce signals controlling gene 
expression 

• Stimulate microbial growth 
• Release chemoattractant 
• Synthesize defense molecules  

for the rhizosphere 
• Act as decoys that keep root  

cap infection-free 
• Release mucilage and proteins

BUILDING SOIL ORGANIC CARBON: 
PLANT RESIDUES OR ROOT EXUDATES? 
There is a great deal of new thinking emerging around 
the contentious nature of soil organic matter, this next 
paper is particularly interesting as it perhaps challenges 
the dominant paradigm on how best to build soil organic 
carbon. Although we can build organic carbon by simply 
‘applying it’ in the form of composts, manures or other 
organic amendments, practically and economically 
speaking, in broadacre, cash crop soils we are more 
reliant on incorporation and utilization of crop resides 
as the primary source of carbon [C] that is integrated 
into soil carbon pools. Certainly there is a firm body of 
evidence now highlighting the contribution of root litter 
as much more important than shoot litter in terms of 
building soil organic carbon [SOC]⁶-⁸, so critically we 
must shift our focus to belowground C inputs [roots] 
and less so on aboveground inputs [stubbles]. But going 
a step further, this particular study investigated the 
contribution of plant litter vs root exudates and their 
results suggested that root exudates have the potential 
to build soil carbon 2-13 times even more efficiently 
than plant residues⁹. This study certainly needs to 
be built upon and supported with more evidence 
from different environments and soil types etc, but it 
does point in a direction that suggests that perhaps 
maintaining living cover [and hence the flow of root 
exudates from living roots into the soil] may be even 
more important than stubble/residue management in 
terms of building soil carbon – not to say that stubbles 
do not still make a contribution and perform many other 
valuable functions, which of course they do. 

EFFECTS OF LIVESTOCK GRAZING ON 
ROOT EXUDATES
I thought I best include some research for the readers 
who have livestock and this final study looked 
at the effects of grazed vs ungrazed pastures on 
root exudation as well as on C allocation to roots, 
microbial biomass and overall SOC levels¹⁰. They 
found that “grazing exclusion was associated with 
dramatically less overall belowground allocation [of 
carbon], with lower root biomass, fine root exudates, 
and microbial biomass”. Consequently, the enhanced 
C flow to the roots as found in the grazed pastures 
ultimately coincided with higher SOC overall, 
highlighting the beneficial effects of integrating 
grazing animals for building SOC. In contrast to 
the previous study, this research identified that the 
more important contributor to building SOC levels 
in this instance, was not the root exudates, but 
the decay of the root biomass. The enhanced root 
exudates and microbial turnover of that exudate 
carbon still made a valuable contribution to building 
soil carbon, but not as significant as the raw root 
litter decomposition. 

The potential of root exudates [or microbial excretions 
and dead microbial bodies] to be stabilized into soil 
organic matter pools is dependent on them being bound 
up within soil aggregates or attached to mineral surfaces 
[called minerally associated organic matter]. It is becoming 
increasingly evident that these mineral surfaces are critical 
to stabilizing organic inputs and hence soil types with 
higher clay & silt percentages, have higher potential to 
stabilize and sequester C in soils. I mention all this because 
this particular grazing study was performed in Florida on 
highly sandy soils [97% sand], which have less clay and 
silt surfaces and these of course have greater potential to 
form this minerally associated organic matter. This may 
have been a factor in making the root litter more significant 
than the root exudates – the light sandy soil benefiting 
more so from the raw bulk of the root mass rather than the 
easily digestible [and hence convertible] root exudates. 
As mentioned previously, more studies are required 
to tease out this nuance between root carbon vs root 
exudate carbon but beyond this discussion, it is clear that 
grazing livestock support more C flow to the roots and this 
ultimately has the potential to sequester more carbon in 
soils [be it via root exudation or root litter decomposition].

IN CONCLUSION
Root exudates are so much more than just organic 
acids, sugars and carbohydrates and involve a complex 
and intricate suite of organic molecules exuded by 
plants. There is still much to learn about the dynamic 
nature of these exudates & how they influence a host 
of plant-microbe interactions. Nonetheless, it is clear 
there is great potential to make use of different plant 
species and the diverse spectrum of root exudates 
they each exude. A deeper understanding of these 
plant compounds and their potential to harness the 
soil microbiota holds great promise for future design of 
agroecological production systems.  
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must produce sufficient profits to fund a majority of 
the operational expenses of the research enterprise.  
For this reason, the first priority of the production 
enterprise is to be profitable.  

This dual enterprise structure was established in 1983 
in an attempt to provide an independent source of 
funding that was less prone to influence by special 
interests and politics.  This required substantial change 
in what was then a conventional tillage based research 
operation.  Substantial expansion in the amount of land 
managed was required to provide a sufficient base to 
operate both a production and a research enterprise.  
If conventional farming practices were to be used on 
both the production and research enterprises a large 
investment in machinery and manpower would be 
required.   This did not appear to be a prudent course.  
Consequently, it was decided that the production 
enterprise would be designed to utilize the manpower 
available and require only minimal investment in new 
machinery.  The plan was to accomplish this through 
the use of diverse crop rotations.  Weak-link analysis 
indicated that moisture would be a limiting factor for 
many of the potential rotational crops.  Consequently, 
a key component of this plan was adoption of moisture 
conserving practices to allow growing of high water use 
crops in a region where their production was marginal 
with conventional tillage. 

A holistic or systems approach was taken.  This meant 
that component and technique choices were based 
on evaluation of how that choice would impact other 
components in the system. It was evident that (in 
1983) there was not an adequate amount of knowledge 
available on the type of farming system needed for this 
situation.  This meant that many of the component 
choices required to build the system could not be based 
directly on research data or producer’s experience 
as is commonly done in agriculture.  Consequently, 
many choices were based on fundamental agronomic 
and ecological principles using natural cycles and 
native vegetation as a guide.  Research projects were 
initiated concurrently to better define components and 
techniques for areas where knowledge was lacking.   

The present operation at the Dakota Lakes Research 
Farm is substantially different than what was begun in 
1983.  Only part of this difference is due to technological 
changes that have occurred in the last 30 years.  A 
majority of the difference stems from developing a 
better understanding of what happens when crops 

are grown in a manner that places heavy emphasis on 
developing a healthy and biologically active soil ecology 
and uses cultural practices (rotation, sanitation, 
competition) as the primary methods of pest control. 

An example of this philosophy sees weed problems as 
a symptom that the farming system does not contain 
sufficient diversity (the weed is Mother Nature’s way 
of trying to add diversity).  With conventional thinking 
attempts would be made to control this weed with 
herbicides or tillage.  The systems approach adds a 
crop to provide the diversity that was lacking.  With this 
philosophy, attempts are made at preventing problems 
by addressing the cause rather than merely treating the 
symptoms as they appear.

Many of the farmer practitioners of the Dakota Lakes 
technique refer to accepting this approach as having 
a “brain transplant” since it requires developing new 
skills and a different attitude.  Most important among 
these is the need to realize that to be sustainable and 
profitable on a long-term basis the farming system must 
be designed such that natural cycles and principles 
become an ally rather than an enemy.  Inputs such 
as fertilizers or pesticides then become methods to 
augment or initiate natural cycles rather than being 
tools designed to stop processes that are natural.  

Tillage selection is a primary example of this 
different approach.  In natural systems, tillage is a 
catastrophic event (associated with glaciers, erosion, 
volcanoes, etc.) that occurs only rarely.  Both macro 
and micro fauna are profoundly impacted.   Soil dwelling 
species are disrupted to an even greater degree than 
those that can migrate to more suitable habitat.   With 
frequent and repeated tillage, the soil ecology becomes 
predominated by species that require tillage in order 
for residue and nutrient cycling to occur.  Since tillage 
generally occurs prior to plant growth being initiated, 
nutrients have been placed in a mobile form before 
they are needed, making them vulnerable to loss.  If 
tillage is not performed, lack of aeration (caused by the 
poor soil structure that results from repeated tillage) 
causes nutrient cycling and crop growth problems.   In 
undisturbed natural systems, nutrients and residues 
are cycled by a complex web of macro (grazing animals, 
earthworms, mites, spring tails, etc.) and micro (fungi, 
VAM, bacteria) fauna.   In this system, residues are 
maintained to protect the soil until new plant growth 
occurs.  Canopy conditions created by this new growth 
allow residue decomposition rates to accelerate.  This 
residue decomposition releases nutrients for use by the 
subsequent crop when they are needed.  If this system 
were not properly balanced, the prairies of North 
America would either be desserts or hay stacks.  In 
farming systems designed to mimic undisturbed natural 
systems, fertilizers are utilized to replace nutrients 

exported from the system and are applied in a manner 
to provide an early competitive advantage to the crop 
that is to be harvested.

This complex web does not reappear quickly when a soil 
that has been tilled for a number of years is managed 
without tillage.  The soil structure and organic matter 
lost during the tillage period does not reappear quickly 
either.   For this reason, initiating low-disturbance 
techniques requires careful planning in regard to how 
the transition can be made without sacrificing short-
term profitability.  Many of the struggles and failures 
associated with producers adopting low disturbance 
methods traces to inadequately addressing this issue.

Similar analysis can be performed in relation to the 
impact tillage choice will have on weed pressure, insects, 
diseases, etc.  Nutrient and residue cycling was chosen to 
provide an example of the thought processes involved.  

The Dakota Lakes Research Farm did not initially 
choose to use reduced tillage techniques because of the 
soil and water conservation benefits; or due to the fact 
that soil health and nutrient cycling would be improved; 
or for wildlife benefits; or for carbon sequestration 
potential; or any of the other benefits brought to light 
in the last 10 to 20 years.  The decision was made on 
the basis of the potentially improved profitability that 
the moisture conservation and workload spreading 
characteristics provided.  The ultra-low disturbance, 
diverse crop rotations system that has evolved also owes 
much to the desire to maximize the utilization efficiency 
of manpower and machinery resources.  It has also 
resulted in lower pesticide use and higher yield levels 
than anticipated.  It is believed that much of this is due to 
a better understanding of the use of natural cycles.  It is 
also quite possible that soil health and soil ecology play a 
much greater role than has been realized in the past.

It is almost certain that no producer will utilize exactly 
the same system components used at the Dakota Lakes 
Research Farm.  Their physical (soil, climate, etc.) 
and fiscal (machinery, capital, manpower) resources 
differ from ours.  Their choice of components should 
reflect these differences.  The fact that the basic laws 
of nature function the same independent of these 
differences does indicate that the “SYSTEMS” approach 
successfully used at the Dakota Lakes Research Farm 
(and more importantly by producers in other parts of 
the world) may provide insight in potential approaches 
to be used in developing improved farming systems.

CUSTOMIZING THE “SYSTEM”
The Dakota Lakes Research Farm enterprise presents a 
good example of how basic principles are used to create 
systems suited to differing physical resources.  At the 
present time, the operation manages slightly under 900 

MANAGING AGRICULTURAL 
ECOSYSTEMS
Farmers and ranchers manage ecosystems.  They take 
sunlight, water, and carbon dioxide and make into 
products they can sell.   Long-term success can only 
be achieved if the ecosystem processes mimics those 
present under the natural vegetation. If the farmer does 
not mimic the water, energy, and mineral cycle of the 
native system, degradation is a consequence.  Natural 
systems tend to maximize the amount of sunlight that 
is harvested.  They also tend to maximize the number 
of species present (species entropy) when they are not 
subjected to dramatic outside forces.  They also do not 
leak nutrients.  If they do, they turn into deserts.  Almost 
all of the agronomic problems we face (weeds, diseases, 
insects, fertility, etc.) can be traced to problems with 
ecosystem processes.

Many common agricultural practices are designed 
to create dramatic disturbances that will allow 
simplification of the ecosystem. Tillage is one of 
these practices. Tillage is to agriculture as fracking 
is to petroleum.  Both increase the speed and extent 
that resources can be extracted from an ecosystem 
and both leave the resource depleted. Recognition of 
the destructive impacts of tillage on soil and water 
(both on and off site) has led to the development 
of practices that are now lumped under the term 
“Conservation Farming” internationally and as no-
till or zero-till in North America.   This refers to soil 
and water conservation. In reality, soil and water 
conservation is part of what needs to be done in order 
for agriculture to be a renewable industry rather than 
(as it predominately is now) an extractive industry 
such as mining, petroleum, etc. Conserving soil and 
water resources should be a primary goal for every 
producer.   However, the present economic system does 
not directly reward a farmer for conserving the soil 
and water with which he works.  In fact with numerous 
“conservation farming” techniques the opposite occurs.  
The producer is often faced with the decision whether 
to conserve the resource or maximize profit.  If he 
doesn’t do the latter, someone else will be farming his 
land in the future; mining the soil that he conserved.  
For this reason, conservation cannot be the only goal.  
Maximizing short-term profitability also cannot be the 
only goal if a producer hopes to remain (or have his 
family remain) on the land he farms. 

The Dakota Lakes Research Farm has both a research 
and a production enterprise.  The production enterprise 
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acres of land. Some of this land is classed as a short-
grass prairie due to the fact that it has shallow clay 
soils that limit available water holding capacity.  Some 
of the land is short-grass prairie because of sandy soils 
that limit available water holding capacity.  Some land 
is classed as mixed-grass prairie because the soils have 
good water holding characteristics.  Some of the land is 
irrigated.  This removes water availability as a primary 
constraint.  Some land is close to the headquarters.  
Other land is located a substantial distance from the 
headquarters.  Some of the land had a history of over 
50 years of wheat-fallow management with tillage; some 
had never been tilled (it was brought into production 
from native sod without tillage). It would be unwise to 
attempt to manage each of these situations with the 
same components.  They are, however, all managed 
using the same approach to create a system designed 
to optimize the contribution that particular property 
makes to the operation.  This approach is based on the 
application of fundamental agronomic and biological 
principles.  These principles do not change.

One of these basic principles is that water utilization 
intensity must be proper.  In other words the water use 
must match the water available.  If the system is not 
sufficiently intense problems such as water logging, 
saline seep formation, nutrient loss, traffic ability 
problems, etc. are common. If the system is too intense, 
poor yields due to water stress or stand establishment 
problems are likely. Under irrigated conditions at 
Dakota Lakes the intensity of water use is limited only 
by the amount of growing season and heat received in 
the summer and by the availability of capital, manpower, 
and equipment to pump water from the Missouri River 
when it is needed.  The choice to limit intensity under 
irrigation therefore is based on fiscal (manpower, 
equipment costs, energy) resources.  On the dryland 
portion of the operation, intensity of water use is 
controlled by physical resources (soil type, rainfall, 
climate, etc.).  In both cases, improper intensity results 
in management problems and less than optimum 
profitability.  No-till management allows (requires) more 
water use by the crop (transpiration) since less water 
will be wasted by the direct and indirect impacts of 
tillage (evaporation and runoff).  

Another basic principle is that diversity must be 
adequate (appropriate).  As mentioned before, lack 
of diversity provides an opportunity for weed and 
disease organisms to build to harmful levels.   The 
cost of controlling these opportunistic species and 
the capability to do so needs to be evaluated in each 
situation as it compares to what can be accomplished 
by using more diverse crop rotations.  Under irrigated 
conditions at the Dakota Lakes Research Farm, corn 
(field and popcorn) and beans (edible and soybean) 
are the crops capable of returning the most increase 

in yields from the fixed costs associated with the 
irrigation development.  If all acres were devoted only 
to these crops much of this increase would be offset 
by increased variable costs (pesticides), reduced 
efficiency in use of fixed machinery resources, and 
reduced yields.  In addition, energy costs would 
rise on both a per acre and per unit of production 
basis.  Some of this is caused by lower yields but 
most is due to a reduction in electricity price if the 
supplier is allowed to control (turn off) the irrigation 
pumps during periods of peak electrical demand.  
By devoting part of the acreage to rotational crops 
which do not share the same peak water use 
characteristics as corn and beans this can be done 
without limiting the ability to supply all crops with 
their full water needs.  Consequently, on the irrigated 
portion of the operation, adding diversity has more 
impact in reducing variable costs than on reducing 
fixed costs although both are benefited. Conversely, 
on the dryland portion of the operation adding 
diversity provides the most benefit to reducing fixed 
costs (land, family labor, and machinery) per unit of 
production (not necessarily per acre). Variable costs 
are also reduced dramatically (especially pesticide 
inputs) once the system is in place and working 
properly. This may not be true during transition 
periods.  Seed and fertilizer costs change very little 
on a per unit of production basis. 

The bottom line of this approach is to view each 
farming operation as unique.  The goal is to optimize 
the utilization of the resources (land, labor, capital, 
and machinery) available to that operation in a 
profitable and environmentally compatible manner.  
This requires devising a unique system for each 
operation, owner, parcel of land (and even portions 
of a piece of property), etc. rather than attempting 
to devise a farming recipe that fits all fields of all 
producers in all situations.  

COMMON CHARACTERISTICS
This is not meant to imply that there are no common 
characteristics amongst the most successful no-
till systems being used at Dakota Lakes and by 
real producers throughout the plains and prairies.  
Foremost among these is the inclusion of three or 
four crop types (cool-season grass, cool-season 
broadleaf, warm-season grass, and warm-season 
broadleaf) in the rotations used.  Where cool-
season crops are traditionally grown, addition of 
the warm-season grass component provides more 
benefit (adds more diversity) that adding a warm-
season broadleaf because of the commonality of 
some diseases (such as white mold) and herbicide 
programs among warm and cool-season broadleaf 
crops.  Rotations that are not consistent in terms 
of either interval or sequence provide the best 

protection against species shifts and biotype 
resistance.  In other words rotations such as wheat-
canola or wheat-canola-wheat-pea are consistent in 
both interval and sequence.  Wheat always occurs 
in alternate years and always follows a cool-season 
broadleaf.  Rotations such as s.wheat-w.wheat-pea-
corn-millet-sunflower are not consistent in either 
interval or sequence.  Rotations should have crop 
type to crop type intervals of a minimum of two years 
somewhere in the rotation.   Extended perennial 
phases (grass seed, alfalfa) minimize agronomic 
problems associated with the low diversity rotations 
in the annual cropping portion of the rotation.  This 
approach is useful in some situations but does not 
normally lead to optimization of machinery and labor 
resources.  Perennial sequences are an excellent way 
to “jump start” the system.  Another trend that is 
obvious especially in the Dakotas, Kansas, Nebraska, 
and Colorado is a move to the use of lower disturbance 
techniques as rotations improve.  This trend is stymied 
at times by limited choices in seeders that have the 
capability to properly place fertilizer while accurately 
seeding with low-disturbance.  Dormant seeding 
of spring cereals (especially wheat) has become 
a predominant practice for many producers.  This 
technique shifts workload from the busiest time of the 
year to a less busy time. When this is properly done, 
benefits for many operations far outweigh the risks.  
Dormant seeding of canola is not as well proven and 
consequently is not as widely employed.  Producers 
(especially those with livestock) are beginning to 
utilize cover crops as a means of adding diversity & 
intensity to their systems (adding beneficial biology)

WRAPPING IT UP
The best definition of a farmer is someone that takes 
sunlight, water, and carbon dioxide and turns them into 
products that can be sold. Each operation needs to 
evaluate how good of a job they do at performing those 
tasks.  What percentage of the sunlight that falls hits 
living tissue?  What percentage of the water that falls 
enters the soil and is used by plants and how much 
causes harm by leaching or running from the land. Ate 
the nutrients cycled or “leaked”?  Ecosystem that leak 
nutrients (including carbon) for extended periods of 
time, turn into deserts.  

Soil and water conservation are a consequence or side 
benefit of utilizing properly designed no-till systems.  
Sustainable profitability must be the primary goal in 
order to assure that conservation continues long-term.  
The best systems attempt to mimic native vegetation 
in terms of intensity (water use) and employ as much 
diversity as needed to optimize the system. Each 
resource (land, machinery, labor, etc.) is managed 
to optimize its contribution to the operation without 
overtaxing its capability.   

AN EMPHASIS ON ROTATIONS
Determining what to grow as rotational crop(s) and 
how they will be sequenced can be a complex process.  
There are however some general guidelines that can be 
extremely helpful in beginning the process.  Consider 
this to be Beck’s TOP 10 LIST.  The order they appear 
does not denote their importance.

1. Reduced and no-till systems favor the inclusion 
of alternative crops. Tilled systems may not.

2. A two season interval between growing a given 
crop or crop type is preferred. Some broadleaf 
crops require more time.

3. Chemical fallow is not as effective at breaking 
weed, disease, and insect cycles as are black 
fallow, green fallow, or production of a properly 
chosen crop.

4. Rotations should be sequenced to make it easy 
to prevent volunteer plants of the previous crop 
from becoming a weed problem.

5. Producers with livestock enterprises find it less 
difficult to introduce diversity into rotations.

a. Use of forage or flexible forage/grain crops 
and green fallow enhance the ability to tailor 
rotational intensity.

6. Crops destined for direct human food use pose the 
highest risk and offer the highest potential returns.

7. The desire to increase diversity and intensity 
needs to be balanced with profitability.

8. Soil moisture storage is affected by surface 
residue amounts, inter-crop period, snow catch 
ability of stubble, rooting depth characteristics, 
soil characteristics, precipitation patterns, 
organic matter content and other factors.

9. Seedbed conditions at the desired seeding time 
can be controlled through use of crops with 
differing characteristics in regard to residue 
color, level, distribution, and architecture. 

10. Rotations that are not consistent in either 
crop sequence or crop interval guard 
against pest species shifts and minimize the 
probability of developing resistant, tolerant, 
or adapted pest species       

CLASSIFICATION OF ROTATION TYPES
It is sometimes easier to discuss concepts if they 
are placed into categories of some sort. We have 
developed the following scheme with this in mind. This 
classification is totally arbitrary and is meant to serve 
only as a tool to help understand rotation planning.
 
SIMPLE ROTATIONS: Rotations with only one crop 
of each crop type used in a set sequence. This is the 
most common type. 
 
EXAMPLES:  
Winter Wheat-Corn-Fallow; Wheat-Canola;
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S. Wheat-W. Wheat-Corn-Sunflower; Corn-Soybean; 
Winter Wheat-Corn-Pea

ADVANTAGES: 
Simple-limited number of crops to manage and market.

DISADVANTAGES 
Limited number of crop sequence/interval 
combinations.  All corn is sequenced behind wheat or 
all winter wheat goes into spring wheat.stubble. In other 
words this style is consistent in both sequence and 
interval.  Conditions for each crop are the same an all of 
the acreage.

SIMPLE ROTATIONS WITH PERENNIAL 
SEQUENCES 
Simple rotations that are diversified by adding a 
sequence of numerous years of a perennial crop.

EXAMPLES: 
C-Sb-C-Sb-C-Sb-Alf-Alf-Alf-Alf and many others.

ADVANTAGES:  
Simple. Limited number of annual crops to manage and 
market. The perennial crop is an excellent place to spread 
manure. Perennial crops probably can produce more soil 
structure than annual crops. This is especially true when 
grass or grass mixtures are the perennial crop. Biomass 
crops and use of grazing systems have potential.

DISADVANTAGES: 
 It is difficult to manage a sufficient percentage of the 
farming enterprise as a perennial crop without grazing.  
Harvesting 40% of the farmland as forage is tough.  
Using less than 40% perennial crop minimizes its 
impact)Marketing perennial crop is an issue.

For instance: 
If the producer could only harvest 400 acres of alfalfa in 
a timely manner with the machinery and labor resources 
available, he would be limited to having 300 acres of 
each corn and soybeans in the above rotation. If he 
expanded his corn and soybean acreage more than this, 
the rotational benefit of the alfalfa sequence would be 
negated on the extra acreage.  If he had 400 acres of 
alfalfa and 1000 acres each of each corn and soybeans 
(leaving the alfalfa for 4 years), alfalfa would be placed on 
any given field only one time in a 24-year period. He would 
in essence have 6 years of corn-soybean in a perennial 
sequence rotation and 14 years or corn soybeans in 
a simple rotation. Perennial sequence rotations have 
substantial benefit when used on fields close to the 
farmstead or feedlot. A producer could allocate 1,000 
acres in proximity to where the forage would be used to 
a perennial sequence rotation. His remaining acreage 
could be managed in a more diverse rotation that did not 
involve perennials.  Another option for obtaining a larger 

This should not be an unfamiliar concept because 
it is the way that plants sequence in nature.  A 
species dominates a space for a period of time and is 
succeeded by another species.  Eventually (after many 
such successions) the original species will again occupy 
the space.  The time frame for these “rotations” is much 
longer than the one usually considered in annual crop 
production but the principles are the same. Humans 
tend to operate in a different time frame than other 
species.  Days, hours, and years have a totally different 
meaning to a bacteria or fungi than they do to a tree.  
Some species have very fast growth curves, once they 
are given the opportunity, while others take a long 
time to build population. Each species has a “survival 
strategy” designed to increase the chances that it will 
continue to exist. Humans learned to build shelters, 
grow food, etc. because we were not the best adapted 
species at enduring the elements and hunting or 
gathering.  Many annual weeds produce huge numbers 
of seeds increasing the probability that at least one will 
survive.  Other weeds have seeds that contain a range in 
dormancy allowing them to fit into environments where 
all years are not good years. Many disease organisms 
produce resting bodies that require favorable conditions 
to exist before they attempt to grow.  

The universal survival strategy for all species is genetic 
diversity.  This allows some of them to survive in 
conditions that eliminate the rest of the population.  
Some of the offspring of these survivors have this same 
survival advantage.  Consequently individuals with this 
trait will increase as long as the conditions that favor 
them continue. They may not have an advantage if 
conditions change. The main reason agriculture faces 
issues with resistant weed and insect biotypes is that 
cropping programs create conditions that favored 
specific individuals amongst the population and keep 
these conditions in place long enough, frequent enough, 
and/or predictably enough to allow that biotype to 
become the predominate population.  

The concept behind stacked rotations (as with some of 
the other types of rotations as well) is to keep both crop 
sequence and crop interval diverse.  Part of the strategy 
recognizes the fact that rotations containing only one 
crop sequence or one interval will eventually select for 
a species (or a biotype within a species) that suits the 
particular conditions.  In the case of a species biotype, 
the population will continue to grow and purify as long 
as the specific conditions remain the same.    

It is probably best to provide a few examples.  In the 
Corn Belt and in irrigated areas on the plains in the 
US, it was at one time common for many growers to 
produce corn on the same land every year.  When this 
was done, an insect known and the corn rootworm 
beetle (there are different species with similar habits) 

percentage of annual crop acres is to combine a more 
diverse type of rotation and a perennial sequence. 

COMPOUND ROTATIONS: 
Combination of two or more simple rotations in 
sequence to create a longer more diverse system.

EXAMPLE:
S. Wheat-W. Wheat-Corn-Soybean-Corn-Soybean. This 
results from a combination of the Corn-Soybean and S. 
Wheat-W. Wheat- Corn-Soybean rotations.

ADVANTAGES: 
There are still a limited number of crops to manage and 
market.  This approach creates more than one sequence 
for some crop types.  There is diversity in both 
sequence and crop environment for corn and wheat 
(not soybeans).  Diversity exists in interval for all crops.

DISADVANTAGES:  
There is a limited ability to spread workload since 1/3 of 
the acreage is in corn and 1/3 in soybeans.

COMPLEX ROTATIONS:
Rotations where crops within the same crop type vary.

EXAMPLE: 
Barley-W.Wheat-Corn-Sunflower-Sorghum-Soybean 
or Barley-Canola-Wheat-Pea. This is similar to the 
example cited for compound rotations.  Barley has been 
substituted for one of the wheat crops; sorghum for one 
corn; and sunflowers for one soybean.

ADVANTAGE:
This type of approach is capable of creating a wide array 
of crop type x sequence combinations.  If the crops 
are chosen wisely there is substantial ability to spread 
workload.  This approach is effective at combating 
species-specific pest problems such as cyst nematode in 
soybeans, blackleg in canola, or corn rootworm in corn. 
Pests such as white mold that have multiple hosts respond 
similarly to the way they behave in compound rotations.

DISADVANTAGE: 
The larger number of crops requires substantial crop 
management and marketing skill.

STACKED ROTATIONS:
One of the less well-known approaches is one we 
call stacked rotations.  This includes rotations where 
crops or crops within the same crop type are grown in 
succession (normally twice) followed by a long break. 

EXAMPLE: 
Wheat-Wheat-Corn-Corn-Sb-Sb; Barley-Wheat-Pea-Canola
STACKED ROTATION CONCEPTS 

would feed on the corn silks and lay eggs at the base 
of the corn plant. Most of these eggs would hatch the 
next spring. If corn or other suitable hosts were present, 
the larvae would feed on the corn roots and cause 
significant losses. This required use of insecticides on 
land devoted to continuous corn production.  When 
corn was seeded following soybeans this insect was 
initially not a problem. Interestingly enough, following 
a long history of corn-soybean rotation in parts of the 
Corn Belt corn rootworm beetles have devised two 
known survival strategies. In western areas an extended 
diapause biotype has become common and in cases 
predominate. The majority of the eggs laid by this 
biotype do not hatch the next spring (when soybeans are 
seeded) waiting instead for corn to predictably return 
the second year. In reality, eggs laid by some individuals 
always had a higher proportion with this tendency. 
They now predominate the population because the 
persistent and widespread use of the corn-soybean 
was consistent in the interval between successive corn 
crops. This gave this biotype competitive advantage. 
The second example comes from more eastern areas. 
This adaptation involves the gravid females migrating to 
soybean fields to lay their eggs. When these hatch the 
next spring corn will most likely be there. In this case 
the biotype was given an advantage because the corn 
soybean rotation is consistent in sequence. A similar 
adaptation would probably occur if all corn in an area was 
seeded following wheat. 

In the stacked Wheat-Wheat-Corn-Corn-Soybean-
Soybean example the sequence for corn and the interval 
between corn crops is unpredictable in the time frame 
of an insect. (It looks very predictable to humans). Just 
as importantly, some of the population with normal 
habits (feeding on corn, laying eggs in corn, eggs 
hatching the next spring) has been kept alive due to the 
corn-corn stack. This will dilute the population of those 
with aberrant behavior.  

The examples given dealt with insects. Examples can 
just as easily be found using weeds or diseases.  The 
important point to remember is that these shifts in 
characteristics do not always occur quickly.  Species 
with only one generation per year, may take a decade 
or two for a biotype with suitable survival strategy to 
develop into predominance. During this period the 
producer becomes convinced that he has developed 
the ultimate crop rotation, found the perfect chemical, 
etc. for his operation (it has worked for 7 years in a 
row). Then almost without warning the system fails. 
Everyone with resistant weed biotypes has witnessed 
this phenomenon.  
 
The second part of the stacked concept is to have a 
long break (crop to crop interval) in the rotation. From 
a diversity standpoint it is better to have a mixture 
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of intervals. To provide maximum protection against 
pest with short cycles, one of the intervals must be 
sufficiently long to allow populations of certain diseases 
or weeds to drop to low levels. Careful study of growth 
and decay curves demonstrates that “first year” crops 
on a given piece of land experience few crop specific 
pest problems. If the crop is planted a second time in 
succession on this “virgin” site, it does as well or maybe 
even better.  It is only during the third year (or more) 
that problems begin to appear. These problems often 
grow very quickly once they establish.  The reason this 
happens is that growth and decay curves for biological 
systems follow geometric patterns. (Examples: 2, 4, 
8, 16, 13, 64 or 1, 10, 100, 1000). Since decay works 
the same as growth in reverse, a short break is not 
sufficient to decrease some problems sufficiently. This 
is especially true if they have survival mechanisms like 
seed dormancy. The power behind a perennial sequence 
is the long break. The theory behind stacked rotations is 
to provide a long break somewhere in the system.

In the “old days” it was common to have a perennial 
sequence followed by several years of the same crop.  
When the homesteaders came, that is why they were 
initially so successful (and the fact that they had a huge 
no-till history preceding them).  In Argentina, it is still 
common to rotate 7 years of pasture with 7 years of 
cropping.  On rented land this may be 7 years (or less if 
disease strikes) of continuous soybeans.

Plants develop associated positive biology just as they 
develop associated negative biology. These associated 
species can sometimes benefit crops when they are planted 
in the same field in subsequent years. The most commonly 
cited example includes VAM; the mycorrhyzal fungi that 
help crops like corn and sunflowers obtain moisture and 
nutrients from the soil.  It is thought that these organisms 
might be the reason for corn on corn and sunflower on 
corn sequences performing better than expected. Another 
example is the N-fixing rhyzobia bacteria associated 
with legume crops. Soybeans grown following soybeans 
are capable of fixing more N because higher rhyzobia 
populations exist in the soil. The soil is also lower in mineral 
nitrogen sources since the previous years legume crop 
scavenged these prior to beginning the fixation process.  
Part of the theory of stacked rotations involves taking 
advantage of these positive associations before negative 
associations can build to harmful levels. There probably are 
positive associations involving predatory insects as well, 
but this has not been thoroughly studied.

Still another concept in stacked rotations involves allowing 
the use of more diverse herbicide programs, specifically 
those utilizing long-residual compounds.  Relatively 
high rates of atrazine can be used in the first year corn 
(or sorghum or millet) of a stack since another tolerant 
crop will follow. This provides the time necessary for the 

reduce costs and minimizes the chance of tolerance, 
resistance, and biotype changes.  

DISADVANTAGES:
Not well tested.   Some crop sequences may not be 
ideal.  Less crops means less workload spreading.

ROTATIONS UTILIZING BOTH STACKED AND 
NORMAL SEQUENCES:
This approach is a hybrid between stacked rotations 
and the other types. The idea is to use stacks for the 
species where it provides the most advantage while 
avoiding it for other species. This may be the most 
powerful rotation type. The key with this and other rotation 
planning to understand how natural cycles work and uses 
sequences & intervals to create the type of environments 
that favor the crops while preventing problems. 

Examples include Canola-W.Wheat-Soybean-Corn-Corn 
and S.Wheat-W.Wheat-Pea-Corn-Millet-Sunflower.

ADVANTAGES:
Depending on the rotation, either a large or smaller 
number of crops can be used.  It provides many of 
the advantages of the stacked rotations but can be 
designed to avoid some potential problems.  The spring 
cereal to winter cereal stack is especially powerful in 
areas where winter hardiness is an issue.  

DISADVANTAGES:
There are few disadvantages if the rotations are 
well designed.

The power of this approach can be demonstrated best 
by using the examples given.  The SW-WW-Pea-Corn-
Millet-Sunflower rotation is designed for cool and dry 
areas.  The two cereals in a row follow a 4-year break 
for cereal.  This builds deep soil moisture and surface 
residue.  Winter hardiness of the WW is less of a concern 
than with other sequences.  Peas and other large-seeded, 
cool-season, legumes perform well in heavy residues.  
They turn this cool environment to their advantage and 
transform it into a warm environment for the subsequent 
corn crop.  Peas make this transformation without 
using the deep moisture needed for the corn. Atrazine 
can be safely used in the corn year because millet (or 
corn or forage sorghum) tolerates atrazine. Millet is a 
low intensity crop that again allows excess moisture to 
recharge the subsoil.  Sunflower is now seeded into a 
nice environment that has deep moisture most years. 
Any volunteer millet can be easily controlled. Broadleaf 
weeds should have been controlled easily in the corn and 
millet crops.  The warm and dry environment left by the 
sunflowers allows early seeding of the spring cereal crop.  
Cereal herbicides with longer residual can be used in the 
spring cereal going to winter wheat than if a broadleaf 
were to be used the next year.  If a producer feels it would 

herbicide to degrade before sensitive crops are grown.  
Similarly, products like Command or Scepter can be used 
in first year soybeans in areas where these products could 
not be used in other rotations.  A typical herbicide program 
at Dakota Lakes for a S.Wheat-W.Wheat (double crop 
forage sorghum-Corn-Corn-Soybean-Soybean rotation 
(starting following the second crop soybean harvest). 
Year one Spring Wheat, no burndown followed by Bronate 
(Buctril M). Year two: winter wheat would have a burndown 
between spring wheat harvest and winter wheat seeding. 
No herbicide is normally required in the winter wheat. Two 
pounds of atrazine would be applied either to the double 
crop forage sorghum or after it is harvested in the fall. This 
is dependent on the weeds present. The first year corn 
usually does not need a burndown but normally receives an 
early post-emergence application of dicamba. Second year 
corn receives a traditional program. A GMO like Liberty-Link 
or Clearfield could be used.  We do not use Roundup-ready 
in this slot at Dakota Lakes.  First year soybeans receive a 
long residual program like Scepter plus Command. Second 
year soybeans are Roundup Ready.  With this program, we 
have used ALS chemistry once in 6 years, triazines once 
in 6 years, Roundup Ready once in 6 years (and perhaps 
a burndown between wheat crops also but this could be 
paraquat). It is obvious that weeds (viewed from their 
perspective of time) will find it difficult to develop resistance 
or tolerance to any of the modes of action employed.  

It would be possible to fill several more pages with 
stacked rotation concepts.  I believe most readers will 
be able to develop these themselves once they begin 
to think about it.  We will conclude with a final example.   
Recently, I saw an agronomist give what he thought was 
a negative example of a producer’s rotational planning.  
He stated that the gentleman would seed a particular 
field to wheat every year until jointed goatgrass 
pressure became sufficient to preclude wheat.  He 
would then seed it continuously to sorghum until 
shattercane overwhelmed him.  At that point he would 
seed sunflowers in successive years until white mold 
became a major problem. At that point he began again 
with the wheat program. My response was that the 
producer was at least responding to the natural cycles 
in his field.  It might be better if he anticipated these 
occurring so that the switch could be made in advance.  
However, he probably was doing a better job than 
someone who blindly planted a corn-soybean, wheat-
canola-wheat-pea, or wheat-corn-soybean rotation 
and was surprised when he had to keep changing 
technology to deal with “new” problems.

ADVANTAGES:  
Stacked rotations attempt to keep pest populations 
diverse (confused) through diversity in the sequences 
and intervals used.  Diversity is gained while keeping the 
number of crops smaller.  They allow a mix of long and 
short residual herbicide programs.  This approach can 

be too risky to try to grow spring wheat after sunflower, 
he can use a less intense broadleaf (flax for instance) or 
include a green fallow year following the sunflowers.

It is hoped that the above discussion has been helpful.  It 
is meant to be an overview of some rotations strategies 
that will allow producers and those working with them to 
better understand the “art” of rotation planning. 

The following are some statements concerning rotations:

I have no better chance of designing the best rotation 
for you than I have of choosing the best spouse for you.  
There are things in life that you have to do on your own.  
I can point out some factors you should consider when 
choosing a rotation.  

There is no “BEST” rotation.  No one can design a rotation 
that will work every year under every circumstance.  It 
is a probability game.  There are bad rotations that work 
well for a while.  There are good rotations that fail at 
times due to weather or other uncontrollable factors.  
Poor gamblers make money at times; good gamblers lose 
money at times.

Rotations can be designed that work well in dry years but 
they fail to take advantage of good years.  Or even worse, 
they fail badly in good to wetter than normal years.   

Producers with more risk tolerance (financially and 
psychologically) will be more comfortable with riskier 
rotations.  Properly designed “risky” rotations can make 
more money in the long run but can result in substantial 
losses over the short-term.   

The best approach to spreading risks is to use more than 
one rotation  (preferably sequentially to make an even 
longer complex rotation). 

Rotations used may differ depending on the soils 
involved.  In other words, some of your land may require 
a different rotational approach than other land you 
farm.  Some of the reasons for this include inherent soil 
characteristics, past history, weed spectrum, distance 
from the farmstead, landlord, etc.  

Most farmers are good at designing rotations once they 
start trying.  

The rotations used may have to change as market, soil, 
climate, and enterprise, conditions change. That is to be 
expected.  When designing a rotation, be thinking of ways 
you could change it.

Don’t be afraid to ask for advice, but accept no recipes 
from others.  DO YOUR OWN COOKING.  
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NOTES BRENDON ROCKEY
DAY 1 2:00 PM

BIOTIC FARMING FUNDAMENTALS

COMPREHENDING THE CARBON CYCLE 
TO SUPPORT A HEALTHY 
FARM SYSTEM
Rockey Farms uprising against uniform, linear 
potato farming practices began when cover crops 
were planted to conserve water in the high desert 
landscape. This decision, coupled with the significant 
reduction of chemical inputs over the years, put in 
motion a pro-biotic, diverse, systematic approach 
founded on carbon cycling and water efficiency. The 
result is a healthy and resilient third generation farm 
that isn’t sacrificing yield or profits.

Brendon Rockey raises specialty potatoes & quinoa 
on 500 irrigated acres at 7,600 feet above sea level 
in the San Luis Valley, Colorado, USA. He chooses 
to nurture life through inputs like companion crops, 
livestock, cover crops & flowering strips instead of 
destroying life with synthetic fertilizers, herbicides, 
fungicides & insecticides. His approach creates healthy 
habitat for life in the soil and a healthy environment for 
plants and insects, livestock and humans. 

DROUGHT AND ITS DIVERSE 
CONSEQUENCES
Dry winters, leaving little water to support his 
agricultural community, spurred Brendon to 
find the right way on his farm to introduce soil 
health fundamentals commonly overlooked for 
the convenience of chemicals, tractor passes or 
sensational, band-aid inputs. Today, acreage rotating 
with the potato and quinoa crops is planted in the 
late spring and early summer with a cover crop 
mix comprised of warm and cool season broad leaf 
plants and grasses. The potato and grazed cover 
crop two year rotation promotes carbon cycling 
and supplements the nutrient cycle while reducing 
parasitic nematode numbers, soil tillage and tractor 
passes. The cover crop requires less than half the 
irrigations of an average potato crop. 

The cover crop’s diverse root exudates provide 
life in the soil access to carbon. With purpose, the 
exudates feed bacteria in the rhizosphere, nourishing 
an underground microbial population that supports 
a stable soil structure complete with aggregates and 
pores. The soil’s boosted water efficiency makes 

it possible for Brendon to significantly reduce 
irrigation rates.

Locally-turned, carbon-based compost and imported 
biological amendments that include soybean meal, 
calcium and fish are applied to enhance nutrient 
cycling and soil fertility. These resources restore 
nutrients that are exported from the system when 
cash crops are harvested. The cover crop’s legumes 
fix nitrogen that is available for the following season’s 
cash crop. The mix’s grasses and root crops enhance 
nutrient availability. They do not, however, replace 
exported nutrients. The non-legumes initiate organic 
relationships that mobilize nutrients like phosphorus 
and calcium, which are then cycled when rotated with a 
cash crop. The amendments also provide a food source 
for the hundreds of microbes the products themselves 
introduce to the soil in addition to the preexisting 
microbial populations.

Rockey Farms partners with a neighboring ranching 
family to graze its cover crop with cattle and sheep 
during the late summer and early fall. The livestock 
stimulate biological activity that cycles and mineralizes 
nutrients in the soil while providing the animals with 
a healthy, reliable source of food and water for a price 
keeping both the farmer and the rancher happy. 

POLYCULTURE POTATO PRODUCTION
Brendon maintains a functional Colorado certified 
seed potato program and grows a fresh market cash 
crop using an Integrated Pest Management (IPM) 
system built around life. Colorado seed potato growers 
must comply with Potato Virus Y and other disease 
tolerances. An annually planted flower mix, companion 
plants and diligent roguing are keeping Rockey Farms 
seed potato lots in compliance both in the fields and 
in the farm’s seed potato greenhouse. Predatory 
insects are able to reproduce and sustain because of 
nectar rich flowering plants that complement their 
diets of aphids and thrips. The nectaries are proving to 
support the overall health of the seed and fresh market 
potatoes as well as the farm’s staff & visitors because 
they are not exposed to insecticides. 

In the potato fields, Brendon plants flowering 
strips that create habitat for beneficial insects and 
pollinators, although pollinators are not necessary 
for potato tuber production. Pests are not entirely 
eliminated, but there is balance in the predator/prey 
insect population. Bees, butterflies, wasps, beetles and 
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other pollinators forage the flowers selected to bloom 
throughout the season.
 
After witnessing the benefits of plant diversity in the 
cover crops, Brendon decided to attach two Gandy 
boxes to its Grimme potato planter to incorporate 
companion plants - Desi Chick Peas, Field Peas, 
Chickling Vetch, Fava Beans and Buckwheat - into 
the fresh market and seed potato crops. The 
flowering, legume heavy mix is planted six inches 
(15 centimeters) deep in the row along with the seed 
potato. The mix fixes nitrogen, supports phosphorus 
mobilization and creates beneficial insect habitat, 
which is crucial for successful biotic IPM. Ultimately, 
the flowers eliminate the need for insecticide 
applications on the farm. The companion crop roots 
are also useful to the potato crop between vine kill 
and harvest. During this several week period, the 
potatoes skins are setting, making the cash crop less 
susceptible to damage when harvested and stored. 
Rainfall could make the soil too wet and create an 
environment for diseases to thrive. The companion 
crop roots transpire some of the moisture and the 
potato crop avoids water logged soils during this 
vulnerable time.

Rockey Farms introduced quinoa in its crop rotation 
several seasons ago. Quinoa’s irrigation demands are 
lower than most other San Luis Valley cash crops, but 
it presents its own set of challenges, especially weed 
and pest pressure. A polyculture approach is under 
development, one that will protect and nourish the 
quinoa crop while encouraging healthy soil structure 
and a strong beneficial insect population. 

AVAILABLE, ECONOMIC AND  
HONEST RESOURCES
Potatoes grow underground. On Rockey Farms, 
equipment plants the potatoes 6 inches (15 
centimeters) under the soil in the spring and another 
piece of equipment digs the crop up from just a bit 
deeper every fall. Although there are no-till potato 
practices, they are not appropriate in this system 
because of the labor and material costs required 
to produce a crop at this scale. Biotic practices like 
shallow discing after the cover crop is grazed to prep 
the soil for potato rows are also mitigating the damage 
deep tillage does to the soil. Brendon chooses to 
mechanically manage weeds instead of spray. After the 
potatoes are planted, a tractor is used to rod weed and 
cultivate the potato rows for a total of three passes. 
Mechanical weed management eliminates the need for 
herbicide on the farm.

Rockey Farms is not certified organic because of 
economic priorities pertaining to potato storage and 

product marketability. These priorities dictate the 
use of a conventional vine desiccant. Until a reliable 
and stable organic vine desiccant is available, Rockey 
Farms will continue to use their available resources. 
The goal of Rockey Farms is to strengthen its 
agroecological system, which includes encouraging 
neighbors to consider biotic farming methods that 
enable reduced irrigation without sacrificing yield and 
integrating diversity into their potato fields to manage 
for Potato Virus Y. 

For more information,  
visit www.brendonrockey.com
 
By Lauren Krizansky,  

NOTES
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LANCE GUNDERSON
DAY 1 4:00 PM

laboratory, H3A is added to a known amount of dried 
and ground soil to extract plant available nutrients.  
The extract is analyzed for common plant nutrients 
such as nitrate, ammonium, phosphate, sulfur, 
potassium etc. and these are used to help determine 
the fertility of the soil.  

The third part of the test is the water extract.  Water 
is nature’s solvent, and when it rains, the movement 
of water throughout the soil profile carries soluble 
nutrients and carbon through the channels and 
pore spaces.  Microbes rely on this delivery system 
for much of the energy and nutrition they need.  
Therefore, the water extract is used to determine 
how much food is available to microbes in the form 
of water extractable organic carbon (WEOC).  The 
WEOC is a smaller fraction of the total soil organic 
matter (SOM).  The size of this pool can reflect the 
quality, rather than just the quantity, of the organic 
carbon present in your soil system.  Generally, the 
higher the number the better because there is more 
food or energy available to drive the microbial system.  
Agronomic soils can range from 50 to 800 ppm with 
most of those soils falling between 100 and 300 ppm.  
Inputs such as manure, compost or cover crops can 
increase carbon loading and residue cycling leading to 
higher WEOC levels.  

Also included in the water extract is a measure 
of soluble total N, nitrate and ammonium.  The 
difference between the total N and the nitrate and 
ammonium is called water extractable organic 
nitrogen (WEON).  WEON represents the pool of 
organic N that is available to the microbes.  Think 
of organic N as amino acids and proteins, which are 
linked to the carbon or food that the microbes are 
eating.  Much in the same way we measure protein 
in the foodstuff for livestock, the Haney Test is 
measuring the amount of protein available to the 
microbes.  Most agronomic soils contain anywhere 
from 5 to 100 ppm WEON with a majority of soils 
falling between 10 and 30 ppm.  Remember that 30 
ppm is equivalent to nearly 60 lbs of N to the acre at 
a 15cm sample depth.  As with the WEOC, the higher 
the value the better in most situations, but we do not 
want to disrupt the balance between WEOC & WEON.

The balance between the WEOC and WEON is 
expressed as the C:N ratio on the Haney Test report.  
Organic C and organic N are intimately tied together, 

HANEY SOIL TEST EXPLAINED
The Haney Test is designed to help producers gain 
a better understanding of their soil beyond that of 
common fertility measures by looking at biological 
indicators as well as pools of nutrients often ignored 
by conventional soil testing methods.  Overall, the 
test is made up of 3 main parts: 1) is a measure of 
soil respiration as an indicator of microbial biomass 
and potential activity, 2) is an evaluation of plant 
available nutrients using a soil extractant called H3A, 
which is made up of 3 different organic acids that 
plants naturally produce and release to the soil as 
root exudates and 3) is a water extract to measure of 
carbon and nitrogen pools that serve as the primary 
food sources for soil microbes.  All three of these 
come together to provide producers with a more 
holistic view and understanding of their soil. 

The first part of the Haney Test is a measure of 
microbial biomass through soil respiration or 
the amount of carbon dioxide that your soil can 
produce at optimal temperature and moisture over 
24hrs.  Carbon dioxide (CO2) is a product of aerobic 
respiration, where oxygen is used to help metabolize 
or breakdown carbon food molecules such as sugar.  
Oxygen is combined with some of the carbon and 
released as CO2.  In other words, we are measuring 
how much your soil can breathe and the more CO2 it 
can produce the greater the microbial biomass and 
potential for microbial activity.  

Soil respiration readings can fall anywhere from 
near zero to 1000 ppm of CO2-C.  However, most 
agricultural soils are currently degraded and do 
not read above 200 ppm.  In general, the higher the 
number the better, but this can influence subsequent 
management decisions.  For example, a soil with a 
very low score may exhibit symptoms of slow residue 
breakdown.  On the other hand, a soil with high 
respiration may have very quick residue turnover.  
Therefore, residue management strategies may differ 
depending on the condition of your soil and goals of 
your production system.

The second leg of the test is the H3A extract which 
is designed to mimic natural soil solution when there 
is an actively growing plant community present.  It is 
comprised of oxalic, malic and citric acid dissolved 
in water in relatively low concentrations, and these 
organic acids mimic plant root exudates.  In the 

and both are required to help get the optimal function 
out of your soil system.  A soil that has very high 
WEOC with little WEON has a lot of energy present 
for the microbes, but the quality or nutrition of that 
food is low.  On the other hand, a soil with very low 
WEOC and high WEON has a lot of N available to the 
microbes, but very little energy value to help carry 
out important functions.  All living things require a 
balance of energy and nutrition.  

It is very important to note that there are a lot of 
different C:N ratios discussed in agriculture.  The C:N 
ratio from the Haney Test is not the same as the total 
C:N ratio of your soil, the manure or cover crop you 
are using, or even the C:N ratio of the organic matter.  
For example, corn stover has a C:N ratio of nearly 60:1 
or higher.  On the other hand, SOM has a C:N ratio 
between 10:1 and 12:1.  If the corn stover is going to 
become part of the soil organic matter the microbes 
have to break it down to a ratio of nearly 10:1.  They 
achieve this by converting carbon into microbial 
biomass and by releasing most of the carbon as CO2 
(remember soil respiration).  The water extract on 
the Haney Test is measuring part of this transitional 
process between the initial breakdown of residues 
and the final SOM.  The higher the starting C:N ratio 
generally the longer it takes to accomplish this goal.  
This is one reason why high carbon crop residue 
lasts longer in your fields than low carbon residue.  
We can use lower C:N ratio inputs such as manure 
and legume/brassica cover crops to help speed this 
process or we can use higher C:N ratio inputs to slow 
this process.  

Finally, the Haney Test takes an integrated approach 
to bring various aspects of these three different parts 
together to gain a better understanding of the whole 
system.  The first way it does this is by providing a 
soil health score, which is the combination of soil 
respiration divided by the optimal C:N ratio of 10 and 
then adding in weighted scores for WEOC and WEON 
as independent measures.  The soil health score is a 
place to start when trying to interpret your results.  
We like to see this score above 7 because this is the 
point where we start to typically observe valuable soil 
health benefits in most soils.  Then you want to focus 
on the individual components of the soil health score 
to address specific resource concerns.  For example, 
if your soil health score is lower than you hoped we 
need to figure out what factor/factors are holding 
the score back.  Start with looking at the C:N ratio 
because we want to balance this first.  If the ratio is 
too high, then we want to cut back on high carbon 
crops or introduce other sources of organic N such 
as manure or legumes and vice versa.  You may also 
notice that your respiration is low, and this could 

be due to lack of WEOC or food or it could be due 
to a lack of a specific nutrient or high soluble salts 
(electrical conductivity, EC).  Identifying the reasons 
why the score is what it is allows you to address 
specific concerns and needs of your soil.  

The payoff of a healthy soil as measured on the Haney 
Test is found in the organic N release.  This is a credit 
for plant available N given in addition to residual 
nitrate and ammonium.  The amount of N that is 
credited is determined by considering the amount of 
WEON you have available, the microbial biomass or 
respiration level of your soil and the balance between 
the C:N ratio.  The more WEON present the greater 
the potential for release, but it requires microbes 
to do the work to mineralize or convert organic N 
into plant available forms.  Therefore, the higher the 
respiration the greater potential for N release.  The 
final factor, the C:N ratio, is important because a 
value above 20:1 will reduce the amount of N being 
released as it is temporarily tied up by the microbes.  
On the other hand, a C:N ratio below 8:1 indicates 
that there is less food available for the microbes and 
this may limit respiration.  In summary, we need a 
balanced C:N ratio, relatively high soil respiration 
and a relatively large pool of WEON to maximize the 
credit and that is what we typically find in a healthy 
functioning soil ecosystem.  

In summary, the Haney Test takes an integrated 
approach to soil testing with a focus on pools of 
nutrients often ignored on conventional soil tests.  
Furthermore, it offers producers a way to gauge 
progress as it relates to management following 
the principles of soil health.  The test also provides 
producers with data to help them decide when, where 
and how much they may be able to reduce some of 
their synthetic fertility input costs based on the ability 
of a healthy soil system to more efficiently provide 
essential plant nutrients to the crop. At the end of the 
day, this helps save the producer money and show 
them the benefits of regenerative agriculture. 



DR. KRIS NICHOLS &  
KIMBERLY CORNISH
DAY 2 8:00 AM

power have made it feasible to measure SOC at the 
farm scale. We are beginning by sampling soil at eight 
carefully chosen locations across Alberta this fall. 
Site selection was conducted by identifying 
producers who were exceptional managers according 
to their peers and had good relationships with their 
neighbours. In addition, we included a diverse array 
of landscapes, topographies, soil types, bio-regions, 
climatic conditions, and land use (i.e. crops grown, 
grazing practices and management systems - 
regenerative, organic, and conventional). 

A Latin Hypercube sampling design will be used to 
reduce the number of sampling locations while still 
accurately representing landscape conditions.  That 
means we can generate results over a larger area in 
less time, with lower costs and standard error levels. 
In Latin Hypercube the relationships between several 
co-variates, or variables, are studied. Basically, more 
than 60 layers of data including remotely sensed 
data at 1.5 m resolution are taken into account.

Once soils are sampled and data mapped, 
management practices effective for carbon accrual 
will be identified and producers will be educated as 
to how to implement these practices. Soil will be re-
measured in the future to quantify exactly how much 
additional carbon has been sequestered as a result 
of their management practices. 

SOC enhances biomass production and is a key 
driver for enhancing soil fertility and plant nutritive 
quality and water infiltration rates and holding 
capacity. Thus, it helps mitigate wildfires, droughts 
and floods, and purifies surface and ground waters, 
all while offsetting emissions from fossil fuel use. 
The ability for agricultural producers to track their 
own SOC levels is immensely valuable in making 
decisions affecting their long-term sustainability. 

The producers in this study are shifting their focus 
from what happens above ground to the heart of 
food production, the soil. They are participating in 
the creation of a new movement called Regenerative 
Agriculture, a whole-systems approach that 
recognizes the link between plants and soil and 
seeks to guide agricultural practices with the goal of 
optimizing soil health.

NOTES

SUMMARY
Soil Organic Carbon (SOC) enhances biomass 
production and is a key driver for enhancing soil 
fertility and plant nutritive quality and water 
infiltration rates and holding capacity. Thus, it helps 
mitigate wildfires, droughts and floods, and purifies 
surface and ground waters, all while sequestering 
carbon that can offset emissions from fossil fuel 
use. The ability for producers to track their own SOC 
levels is immensely valuable in making decisions 
affecting their long-term sustainability. In the past 
tracking and mapping changes in SOC has been 
complex and expensive. However, Food Water 
Wellness Foundation is using advances in technology 
to initiate a pilot project that is designed to not only 
measure the changes, but to provide a feedback 
loop helping producers to see the effect of their 
management decisions as they apply regenerative 
agriculture principles.

SOIL TESTING, MICROBIALS AND 
CARBON SEQUESTRATION
At Food Water Wellness Foundation our goal is to 
help farmers, ranchers, researchers and consumers 
understand how soil can be used to mitigate climate 
change, drought and flood, increase biodiversity 
and, most importantly, produce healthy food.
We are tracking the results of regenerative 
agriculture techniques in reducing the potential 
severity of climate change impacts and greenhouse 
gases from the agricultural industry. This includes 
soil quality as it relates to carbon sequestration 
and its links to climate change and agricultural 
greenhouse gas emissions.  Our work will contribute 
to the development of a measurement-based 
protocol to be used as a first step in rewarding 
producers who, through their management 
practices, are accruing soil organic carbon (SOC) 
and offsetting industrial emissions.  

To date, the process of sampling, testing and 
re-testing soil at the farm level has been too 
expensive and cumbersome to be viable. However, 
recent advances in pedometrics (the application 
of mathematical and statistical methods for the 
study of the distribution and genesis of soils), land 
mapping, algorithms, and computer processing 
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So how do we improve the soil? We use a variety of 
practices including:

• Keep It Green and Growing. Maintain plant 
growth for as many days as possible during the 
year using diverse cash, cover, and companion 
crops as well as perennials and annuals. Use 
tools such as grazing, mowing, or haying to 
keep plants in the vegetative growth phase and 
photosynthesizing. 

• Diversity. We diversify and lengthen crop 
rotations, use carefully chosen cover or 
companion crops.

• Reduced or No Synthetic Nutrients. It is not 
possible to regenerate soil to its full potential when 
using synthetic fertilizers. We need to optimize 
soil organisms (especially mycorrhizal fungi) to 
maximize effects on plants. 

• Livestock Management. Animals of all types, 
including insects, play a crucial role in building 
healthy soil. Our grasslands evolved out of 
a symbiotic relationship with large, grazing 
herbivores. Plant matter doesn’t degrade easily 
on its own, it needs large animals to break it 
down in their rumens, stamp it into the ground 
and generally work the land. Carefully managed 
livestock and grazing patterns benefit the soil 
through increased organic matter, rejuvenation 
of microorganisms, and restoration of water 
cycles. It also leads to an exponential increase 
in the land’s ability to sequester carbon. 

• Soil Armor. We put a layer of protection on the 
soil in the form of living plants, mulch or litter. 

• Reduced or No Tillage. Tillage causes the 
fungal network to be broken up and moves 
the organic matter that adds richness to the 
soil to the surface, where the soil carbon 
is released into the atmosphere. Using as 
minimal tillage as possible and keeping 
soils covered holds carbon in the soil rather 
than releasing it into the atmosphere. Crop 
residues left on top of the soil become 
mulch that feeds soil microorganisms and 
accelerates the process of storing more 
carbon in the soil. Minimal tillage and mulch 
also increase rainfall infiltration to help 
prevent storm flooding and limits soil erosion, 
enhances soil moisture retention, and reduces 
air and water pollution from dust and runoff.

NOTES

Our Future Is In The Soil 99Western Canada Conference on Soil Health & Grazing98



DEREK AXTEN 
DAY 2 9:00 AM

INSIGHTS TO INTERCROPPING 
Derek farms with his family at Minton, Saskatchewan.  
They own and operate a 6000-acre farm.  Derek is the 
third generation Axten on the farm and hopes to see it 
continue for many more generations.
Derek is continually looking for ways to improve his 
farm.  Minton is typically a low rainfall area with fragile 
soils.  After visiting Dwayne Beck at Dakota Lakes and 
Gabe Brown’s farm, Derek seen the power of diversity.  
It was evident that adding diversity to a farming system 
had numerous benefits.

One way that diversity is added on Axten Farms is with 
the use of intercrops.  Intercropping allows Derek to 
grow two or more crops together.  Derek is looking for 
two crops that can complement each other, just as 
plants do in nature.  Some of his favorite combinations 
are chickpeas and flax, lentils and flax, and peas and 
mustard.  This not only allows an increase in diversity 
within a field, but other benefits also occur.  The 
brassica allows the pulse to trellis up the plant and 
stand better for combining.  The pulses will increase 
their nitrogen fixation when grown with a companion.  
Flax grown in rows between the chickpeas allows for 
better air flow and reduction in disease.  Intercropping 
has allowed the farm to reduce and often eliminate 
the use of fertilizers.  It has also helped with disease 
suppression, which allows for a reduction in pesticide 
use.  Reduction in cost of production and increase in 
yield means a higher profit. 

Intercropping is just one piece of the puzzle on Axten 
Farms.  Derek implements a systematic approach to 
increase soil health.  He uses controlled traffic farming 
to reduce compaction, cover crops to keep live roots in 
his soil, seeds with a planter to reduce soil disturbance 
and seed cost, makes compost to restore and add soil 
microbe diversity, and fall grazes cattle. 

Derek is constantly learning and making changes on his 
farm to care for the soil and reduce synthetic inputs.  
Constant experiments result in failures along with the 
successes, but trying new things makes farming exciting 
and more viable for the future.

NOTES
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DR. YAMILY ZAVALA
DAY 2 10:30 AM

CARA SOIL HEALTH LAB  
VIRTUAL TOUR AND MORE 

CARA’s Soil Health Lab (CARA-SHLab) 
is the first Soil Health Lab by Producer 
for Producers.  
It was created to understand what is affecting the 
health of the soils in Western Canada. In addition, 
to build the bridge for improving soil health base on 
localized and side specific soil health constraints. 
Soil Health emphasizes the integration of biological, 
physical and chemical soil functions. Soil evaluations 
for agronomic purposes have only allowed producers 
to get information on the chemical composition of 
their soils for nutrient recommendations. 

CARA-SHLab helps producers to start the process of 
healing their soils, first by offering them the evaluation 
of Soil Health Indicators to create a baseline (Soil 
Health Benchmark) evaluation as well as assessment 
of individual soil health constraint indicators. Second, 
by training and assisting them on assessing their 
own soils to monitor changes on soil biology when 
a new soil management practice  is introduced in 
their agricultural systems. The Lab offers soil biology 
workshops, one to one and group training sessions, 
farm assessments and more…

Why is CARA-SHLab a  
Producers’ Lab?
What CARA (Chinook Applied Research Association) 
contributes to Western Canada is creating a community. 
We all depend on each other and the impact that this 
has brought to us has been the creation of the CARA’s 
Soil Health Lab.   In this case, CARA-SHLab is the 
product of farmers decisions to have another tool for 
assessing different soil constraints. During a 2 years 
period, discussions with CARA’s Board Members were 
on the table for approving a small lab for assessing 
few of the Comprehensive Assessment of Soil Health 
(CASH) of the Cornell Soil Health Laboratory, Ithaca, 
New York. During a 2 hours conversation with Bob West 
(R.A West International Inc), previous owner of the 
Soil Food Web Canada Ltd-Vulcan, discussion on the 
importance of this lab to be offering its services again 
to assess one of the most important components of 
the soil health (its biology), led to the donation of this 
lab to complement the Soil Health Lab at CARA. Many 
producers have contributed to CARA-SHLab. When our 
building was move to Oyen, it needed a lot of internal 
remodeling and one of our producers (Jack Bunney) 
offered his crew to help us to renovate it. Because of 

him, Bob West and the other producers that contributed 
to the CARA soil health lab initiative, CARA-SHLab is a 
producer Lab, is your Lab.

A special thanks to all of you.

What does CARA-SHLab have  
to offer?
Unlike traditional commercial soil labs, soil health 
assessment at CARA will measure more than an 
individual group of organisms, soil processes or soil 
properties. Individual measurements (commercial labs) 
for chemical constraints for example will not indicate 
the state of soil health. It is very important to determine 
which indicators for each soil components (physical, 
biological & chemical) are needed to assess soil health 
conditions. A comprehensive soil health measurement 
will provide information on the status of soil constraints 
that may be limiting soil yield potential. This information 
will allow producers to target management practices 
to address those specific constraints. These practices 
will need to be evaluated (monitored) to quantify 
improvement and or/modify them over time. Monitoring 
soil health overtime will also allow to compare if 
there has been any improvement in the management 
practices for those field soil specific constraints. 

CARA-SHLab will provide quality soil health assessment 
data not only for producers, field applied research 
activities but also to build a soil health database. The 
database will allow to develop the scoring functions for 
the Albertan Soils for each soil indicator to interpret 
soil health assessments. These scoring functions (scale 
0-100) will be created by using the mean and standard 
deviation of the CARASHLab database.  They  will 
be able to be adapted to regions with different soils 
and climatic conditions.  When enough samples are 
analyzed in the  CARA-SHLab, the  scoring functions 
for the most important soil health constraints in the 
Alberta, Province will be generated. This approach was 
adapted by Cornell Soil Health Lab (CASH framework).   

Figure 1 shows the soil health indicators assessed not 
only at the CARA-SHLab but also by the partner labs. 
They are divided by chemical, biological and physical 
soil functions. Physical Indicators (Phy_Others): 
texture, soil wet aggregate stability and soil compaction 
(infield with penetrometer). Biological Indicators: Soil 
Food Web (SFW, by microscope assessments): bacteria 
and fungal biomass, protozoa and nematode functional 
groups. Bio_Other Indicators: active carbon, soil 
microbial respiration, C:N ratio. Chemical Indicators: 
Soil fertility assessment are being assessed by a 

commercial Laboratory. The CARA-SHLab also offers 
any custom request assessments if lab equipment will 
allow it.

How is soil health measured at 
CARA-SHLab
When the soil samples arrive at the lab, they are divided 
into two sets (Figure 1). Part one is for the Phys_
BiOthers indicators assessments and the other set 
is for the SFW assessments. The two most important 
physical constraints having a big impact on most of the 
agroecosystem are compaction and soil aggregation 
stability. Few soil health assessment indicators will be 
discussed here.

Soil Wet Aggregate Stability
Soil wet aggregate stability (Soil-WAS) measures the 
soil capacity to resist breaking out when wetted and hit 
by rain drops. It is measured using the Cornell Sprinkle 
Infiltrometer (Rainfall Simulator). A sieve of 0.25 mm 
containing a known soil aggregates smaller than 2mm 
received a steadily rain for few minutes. The unstable 
aggregates then slake, falling through the sieve. The 
remaining soil aggregate that resist falling apart is used 
to calculate the percentage of soil stable aggregate. 
Picture 1 shows a small version of the Cornell Rainfall 

Picture 1:  Cornell Rainfall Simulator for Soil-WAS
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Simulator during a soil wet aggregation assessment 
at the CARA’s Lab. Four sieves are receiving the same 
amount of water during a 4.5 minutes period.

Picture 2 shows four samples with different percentage 
of Soil-WAS. Sample # 17, 18 and 20 have a silt loam 
texture with a 27%, 39% and 38% of Soil-WAS. While 

Figure 1:  Cara Soil Health Lab Assessment Indicators
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Soil Microbial Assessment (Soil Food Web)
Soil Microbial assessments at the CARASHLab are done 
following the same protocols used by Soil Food Web 
Canada Ltd Laboratory with few upgrades learned during 
a week training (May 2018) with Dr. Elaine Ingham at her 
Research Farm in Berry Creek, California. For assessing 
soil protozoa, a 24 well plate is used to incubate soils 
for 3-4 day. Protozoa functional group (amoeba, 
flagellates and ciliates) are assessed by microscopy 
by its presence in each well. The diversity of protozoa 
are measured  by quantifying variability on sizes, 
movements, appearance and any characteristic which 
can differ from each other protozoa. Picture 3 shows the 
set up for measuring protozoa functional groups.
Nematodes are extracted using the Baermann funnel  
method. A filter containing a known soil is submerged in 

Picture 4:  Baermann’s Funnel Extraction

water. The funnel is connected by a rubber tube sealed 
with a Mohr’s clamp (Picture 4). The nematodes swim & sink 
to the bottom. They are collected after 4-5 days incubation 
then counted & identified by their functional group.
Soil nematodes play an important role in balancing soil 

Picture 5:  Root Feeder (Tylenchus)

When soil sampling for Soil  
Health Benchmark,
It is highly recommended that before starting 
any new management in your field, a proper 
soil sampling approach should be taken 
for   benchmarking your field. After the soil 
health constraints have been identified and the 
management stablished, monitoring of those 
constraints will give information on their changes.

it is very important to do a whole assessment of 
the field. CARA-SHLab’s report will generate a soil 
health score when all the soil components have 
been entered in the report. One page of the report 
will give information on the soil health constraints. 
Another page will give suggestions to address those 
constraints. Infield measurements (water infiltration, 
soil compaction and soil bulk density) are also 
needed to complete the CARA-SHLab reports. Soil 
chemical information (soil fertility from commercial 
lab) is also required for generating the soil health 
score. If not data on soil fertility is available, a 
portion of the submitted soil sample will be sent to a 
commercial lab if it is requested.

Soil biology report for the soil food web assessment 
will be generated separately from the Soil Health 
Scoring functions.   

For more information on soil sampling protocols and 
infield data collection, please refer to the CARA-
SHLab web page (www.CARASoilHealthLab.ca).  

Picture 6:  Bacterial Feeder (Wilsonema)

Picture 8:  Predator nematode (Clark)

Picture 7:  Fungal and predator (Discolaimus)

WET AGGREGATION STABILITY

Sample #17 - 27% Sample #18 - 39%

Sample #20 - 38%Sample #19 - 81%

Picture 2:  Sieves with different Soil-WAS

Sample #19 has a sandy loam texture with a 81 % of 
Soil-WAS. The Active Carbon (AC) and Soil Microbial 
Respiration (SMR) for these samples were lower when 
soil wet aggregate stability was lower. They were less 
than 300 mg C/kg and 0.6 mg CO2/g of soil for AC and 
SMR, respectively for samples #17, 18 and 20. While 
sample # 19 had 563 mg C/Kg and 1.05 mg CO2/g 
of soil for AC and SMR. It can be inferred from this 
information that Sample # 19 had more biological 
activity because the soil is more stable to maintain 
soil biology. 

When soils have low aggregate stability there is formation 
of surface crust reducing water infiltration and storage. 
When there is good aggregation there will be more soil 
pores consequently more water holding capacity and better 
soil drainage. Soil micro-organisms and plant roots live 
and function in pores. Specific soil micropores have been 
found to be a place for microbes to sequester more carbon 
when building and stabilizing aggregates.  Soil aggregation 
formation and stabilization are the product of biological 
interaction within the soil with plants roots. More roots are 
needed for more time in the soil for them to feed microbes 
by their exudates. When microbes are well fed by roots they 
will protect them by forming aggregate on the root surface. 
This will be the first step for aggregate formations.  

microorganisms as well as nutrient cycling. They are 
classified by their feeding habit (bacteria, fungal, and 
root feeder). Picture 5, 6, 7 and 8 shows the different 
functional groups. 

Most of the soil nematode are considered beneficial but 
the root feeder nematodes (Picture 5). Soil nematode 
assessments at the CARA-SHLab indicated that bacteria 
nematodes (Picture 6) are the most abundant in annual 
cropping systems while fungal nematodes (Picture 
7) are found in higher numbers in perennial systems. 
The predator nematodes (Picture 8) are the least to 
be found in soils. Root feeder nematodes have been 
found in all the cropping systems. A diversity of fungus 
infecting nematode (nematophagous fungus) has been 
found in several of the soils assessed indicating that soil 
nematodes have natural biological predators. 

Compound and epifluorescence microscope technics 
are used for measuring total and activity of soil 
bacterial and fungal assessments, respectively. Fungus 
and bacteria in the soil play and important role on 
aggregation formation and stabilization specially when 
soil disturbance has been minimized and they have 
been fed by longer living roots during most of the year.

Picture 3:  Protozoa 24 well incubation plate assessment set up.
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NOTES DR. ALLEN WILLIAMS 
DAY 2 12:30 PM

Picture 1:  Thermal Image of Set Stock Grazed Pasture.

Why is this so important? At a soil temperature below 
90 degrees F sufficient soil moisture is preserved and 
reserved for plant growth and regrowth, and for microbial 
support. Once soil temperatures reach 100 degrees F, 
then 85% of soil moisture is lost through evaporation 
and no longer available for plant growth and microbial 
support. Only 15% of the original soil moisture is now 
available. Not only do the plants need moisture, but the 
microbes in the soil depend on water for survival. They 
travel through the soil on films of water. 

Once soil temperatures reach 115 degrees F, microbes begin 
to break down and at 140 degrees F the microbes die.  Don’t 
think that soil temperatures never get that high. It is actually 
far too easy for that to happen in the heat of the summer. 
Table 1 illustrates what happens as soil temperatures heat up.

GRAZING FOR ECOSYSTEM HEALTH  
& FINANCIAL HEALTH 
 
ALLEN’S GRAZING TIPS: PART I
In 2017 I wrote a series of articles on the Principles of 
Adaptive Grazing. These are all principles that have 
been proven to work well in every environment that we 
have worked in.  Since that time, I have been asked for 
helpful tips and applications for those who are either 
getting started with adaptive grazing or for those who 
want to take their grazing to the next level.  Here are 
several tips that will help you progress on your path to 
soil health and abundant grazing.

PROTECT YOUR SOIL TEMPERATURE 
AND SOIL MOISTURE
This is my number 1 priority and has the greatest 
impact on soil health and forage growth. If you 
remember the Principle of Compounding, soil moisture 
and temperature produce a host of compounding 
effects, either positive or negative. Protecting soil 
temperature and moisture involves keeping sufficient 
plant cover and shading on the soil. This sounds really 
simple, and it should be, but reality is most grazers allow 
their livestock to graze far too close and expose the soil 
to the evaporative powers of the sun and heat. I see 
this every day in my travels across this country. It is no 
different in Canada, Mexico, and many other countries.  

To truly protect your soil moisture and temperature, 
you will need to keep a minimum of 5-6 inches of forage 
growth on the soil, at all times. It is far too easy for 
soil to heat up during the active warm season grazing 
season. The FLIR (Forward Looking Infrared or thermal 
imaging) camera picture below indicates just how much 
soil can heat up when grazed too tight. This picture 
was taken in a set stock grazed pasture on a 96 degree 
day in the deep south (Picture 1). It is common in set 
stock grazed pastures for the livestock to graze down 
favored areas too tightly and to leave areas that are less 
favored either ungrazed or lightly grazed. The areas 
in the image that show yellow, orange and red shades 
indicate soil temperatures well above 100 degrees. The 
light blue to dark blue shades indicate areas where the 
soil temperature is below 90 degrees.  In the picture 
below, the area circled in black registered 133 degrees 
F, while the area circled in red registered 87 degrees F. 
The two areas measured were less than 6 feet apart. The 
area measuring 133 degrees F was grubbed down tight, 
while the area measuring 87 degrees F was ignored by 
the cattle.

Table 1: Impact of Soil Temperature on Soil Moisture, Plant 
Growth, & Microbial Activity.
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So, applying the Principle of Compounding, what are the 
negative compounding effects of grazing too tight and 
allowing soil temperature to rise significantly?

1. Excessive loss of soil moisture.
2. Reduced soil microbial activity & potential die-off. 
3. Loss of at least a portion of the soil aggregate.
4. Reduced future water infiltration and greater 

runoff/erosion.  
5. Increased compaction of the soil.  
6. Increased plant root growth stoppage.
7. Slow plant recovery. 
8. Increased presence of potentially undesirable 

plants (weeds).  
9. Soil microbial populations tend to shift to 

bacterio-centric. 
10. Greatly decreased forage biomass production. 
11. Reduction in desirable plant species diversity.
12. Reduced earthworm & beneficial insect population. 
13. Reduced animal performance.
14. Increase in input costs. 
15. Loss in plant available soil minerals.  
16. Livestock water and shade requirements increase.  

This list of negative compounding effects is just scratching 
the surface of the soil (pun intended). There are many other 
compounding and cascading effects that will be realized. 
Now that we are into Mid and Late summer, allowing the soil 
temperature to heat up and creating significant moisture 
loss will have a season long impact. When it turns hot and 
dry and we have lost soil moisture, our grazing season is 
done. We have essentially created our own drought.

Table 2 indicates what happens to plant recovery 
potential when varying percentages of plant leaf volume 
are removed as a result of livestock grazing. When we 
allow our livestock to remove up to 50% of plant leaf 
volume then plant root growth stoppage is only 2-4%. 
However, when we allow our livestock to remove just 
10% more, up to 60%, then plant root growth stoppage 
jumps sharply to 50%. Go above 60% and plants will 
experience 80-100% root growth stoppage. Again, if that 
happens when it turns off hot & dry, you are in real trouble.

We looked at the negative compounding effects of 
failing to protect soil temperature and moisture. What 
are the positive compounding effects if we do a good job 
of protecting soil temperature and moisture?  

1. High levels of soil microbial activity.
2. Increased plant available minerals ready for  

plant uptake.
3. A balanced soil microbial population.
4. Increased soil aggregation.
5. Greater water infiltration and retention.
6. Reduced runoff and erosion.
7. Faster plant recovery from prior grazing. 
8. Increased plant species diversity and complexity.
9. Greater forage biomass production.
10. Ability of desired plant species to out-compete 

undesirable plant species. 
11. Enhanced earthworm & beneficial insect population.
12. Better animal performance.
13. Lower input costs.
14. Building of soil carbon & organic matter.
15. Reduced need for shade and water for livestock.  

As before, this is not a definitive list, but are several of 
the major benefits of protecting soil temperature. If 
you do nothing else, simply protecting soil temperature 
and moisture will reap huge benefits and allow you to 
move your operation forward in a positive manner. The 
reduction of supplemental feed and hay costs will be 
significantly reduced, as will livestock health issues. 

Protection is simple —leave plenty of ground cover & 
plant leaf material after each grazing so that root growth 
stoppage is minimized & the soil is shaded. The best 
way to achieve this through careful daily observation of 
grazing impacts and frequent livestock movement.

ALLEN’S GRAZING TIPS: PART II
In “Allen’s Grazing Tips: Part I”, I started a series 
presenting helpful tips & applications for adaptive 
grazers. My number one priority, as explained in 
that first article is protecting soil moisture & soil 
temperature. I detailed the benefits derived from 
making this the first item you pay attention to with your 
grazing practice.  

In this article I would like to explore other pertinent 
grazing tips that will help you make significant progress.   

DAILY OBSERVATION
Many farmers and ranchers often find themselves 
trying to “beat daylight” & spend all their time running 
around performing tasks. Many of these tasks may be 
necessary, but they detract from our ability to be 
careful observers.  

SOIL
What about our observations of the soil?  Do we have 
any baseline for what our soils are doing, what they look 
like, how they perform, what do they smell like?  Most 
farmers and ranchers today pay little attention to the 
soil other than to have a standard soil test performed so 
they can determine how much lime or fertilizer to apply. 
That is not observation.  

One of the simplest and most effective tools we can 
use on a routine basis is a shovel.  How long has it 
been since you simply dug up a spade full of soil from 
your pastures and evaluated it for aroma, aggregate 
layer, porosity, compaction or plating, water infiltration 
capacity, and soil life (earthworms, soil level insects, 
etc.)? Do you know what your soil smells like?  Does it 
have a rich, pleasing, earthy aroma, or does it have a 
bland, sour, acidic, musty, or metallic aroma?  In nature 
good aromas mean good things are happening and bad 
(or displeasing) aromas mean bad things are happening.  
Soils with a deep earthy aroma indicate significant 
actinobacteria activity and a good Fungi:Bacteria ratio.  
Poor aroma can mean highly bacterio-centric soils and/
or anaerobic conditions.  

PLANTS
What are the dominant forage species in your 
pastures?  What are the dominant forbs (weeds)?  How 
has plant species diversity changed over time?  Has 
plant species diversity and complexity increased or 
decreased over time?  

As you make progress with your adaptive grazing, plant 
species diversity will increase significantly.  That is one 
way to monitor success with your grazing program.  A 
narrowing of plant species indicates a digression in 
grazing success. If you are trending towards fewer plant 
species, then you need to introduce planned disruptions 
to shake things up with your grazing (see my 3-part 
series on Adaptive Grazing – 2017). 

Do not expect plant species composition and number of 
species to remain the same over the years. Composition 
and appearance/disappearance/re-appearance of 
plant species will be common and expected.  This is a 
natural successional process & contributes greatly soil 
regeneration & microbial population support.  

Other observations and questions to ask are: What 
is the total forage biomass (DM) production on a per 
acre basis? How has biomass production changed over 
time? Has plant composition changed? For example: we 
often note that plant blade or leaf width, texture, and 
color changes favorably as soil biology responds to the 
grazing. Plants will often develop wider blades or leaves 
that are almost velvety in texture. What about plant 

height, root depth and root mass? Are your legumes 
producing root nodules that are indicative of active 
nitrogen fixation?

GRAZING
We need to closely observe what an un-grazed 
paddocks look like compared to the previously grazed 
paddock. What recovery has the previously grazed 
paddock exhibited since the last grazing event? 
How many days of rest are your paddocks averaging 
between each grazing event? What plant species are 
your livestock favoring? Are they grazing each paddock 
evenly or favoring certain plant species? 

How do the livestock behave when they are turned 
into a new paddock?  Are they reaching appropriate 
gut fill within 2-3 hours after being turned in to a new 
paddock?  What do their manure patties look like?  Are 
they the right consistency to indicate that they are 
getting the correct balance between protein and energy 
consumption (Diagram 1)?

In the pictures below in Diagram 1, the top two pictures 
show manure patties of the correct consistency to 
indicate a balance between protein and energy in the 
diet. The bottom left and center pictures show manure 
patties (more like splats) that are indicative of diets too 
high in protein.  The image at the bottom right shows 
a manure patty from an individual that was consuming 
primarily very mature fibrous plant material and was 
not consuming enough protein or energy. 

Table 2: Plant Root Growth Stoppage as a Result of Leaf Volume Removal.

ECOSYSTEM
It is important to pay attention to what is happening 
relative to insects, pollinators, birds, and other wildlife. 
They tell us quite a bit about how healthy our ecosystem 
really is. Are you seeing an increasing number of insects 
in your pastures and fields? As you walk through the 
fields are you stirring up a cloud of insects ahead of 
you? Spiders are an excellent indicator that insect 
numbers are on the rise. This will be especially evident 

Diagram 1:  Manure Patty Composition from Cows Grazing Pasture. 
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early in the morning as the dew glistens on spider webs 
across the field in the early morning sunlight. 

As plant species diversity increases, so will pollinator 
insects. With an increase in plant species comes an 
increase in the number of flowering species. This will 
attract an array of pollinators to your fields. This is a 
very positive indicator of ecosystem health. 

The increase in plant species diversity will attract 
many insect species and this, in turn, will attract 
many different species of birds. Adaptive grazing has 
been successfully used to increase bird populations 
in many regions of North America. This has included 
ground nesting birds, song birds, and migratory birds.  
Adaptive grazing has worked so well for improving bird 
habitat that the Audubon Society has developed their 
Audubon Conservation Ranching Program and Bird 
Friendly Grazing Certification. For the past five years,  
I have worked closely with Audubon in developing 
these protocols and practices and we have noted 
substantial improvement in bird populations on the 
ranches adopting these grazing protocols. Quail, 
pheasant, grouse, and prairie chicken populations 
improve as their habitat for nesting and brooding 
habitat increases.  

There will also be an increase in many other wildlife 
species. Deer populations and quality of the deer 
will improve. Small game, such as rabbits and dove 
will thrive. Field mice numbers will increase. This will 
draw in predators that prey on these species, such 
as foxes, bobcats, and even coyotes.  With small prey 
plentiful, there is little incentive to try and tackle larger 
prey, such as our livestock. We also note an increase 
in raptor populations as they seek out the small prey 
such as field mice, rabbits, and birds.

PLANT BRIX:
One of the tools that I use on a weekly basis is the 
measurement and tracking of plant brix.  Brix is a measure 
of the dissolved plant solids in the sap or “juice” of a plant. 
These dissolved solids include plant sugars, minerals, 
amino acids, proteins, lipids, and pectins. Brix can be 
measured using an instrument called a refractometer. 
There are two primary types of refractometers: a digital 
refractometer and an optical refractometer. I recommend 
the optical type for use in the field. These can be 
purchased from many sources on the internet & typical 
cost for a quality refractometer is $80 to $150. This is an 
investment well worth your dollars. 

COLLECTING AND MEASURING
Collecting plant samples and measuring brix is quite 
simple. Just collect plant leaf material from the specific 
plants you want to measure, ball the leaf material up in 

Photo 1.  Preparing Plant Leaf Material

Photo 2.  Placing in Reservoir

Photo 3.  Squeezing Sap onto Stage

your hand, roll it around between your palms vigorously 
until you feel moisture on the palms of your hands, 
place the sample into the reservoir of a garlic press or 
brix press and squeeze the plant sap onto the stage of 
the refractometer.  Close the cover over the stage gently 
to evenly spread the plant sap over the stage of the 
refractometer in a thin layer (it only takes a 3-4 drops 
of plant sap), then hold the refractometer up to the 
sunlight to determine measurement (Pictures 1-4).

Photo 4.  Taking Measurement

There is an internal scale inside the refractometer that 
shows the actual brix measurement (Picture 5). 

Photo 5.  Internal Brix Scale.  

TIMING OF BRIX MEASUREMENTS
The timing of plant brix measurements is important 
for consistency and accuracy.  Plant carbohydrates 
cycle every 24-hour photoperiod and reach their peak 
in the blade and leaf material of each plant by early to 
mid-afternoon. To be consistent with measurements, 
make sure and record plant brix on sunny days only 
and at approximately the same time period.  Note that 
brix will differ between different plant species and 
will fluctuate day to day, and during the course of the 
active growing season.  

Research indicates that higher plant brix improves 
animal performance and plant performance.  Plants 
with consistently higher brix levels are more resistant 
to stressors such as frost, drought, pests, and disease.  
Taking brix measurements routinely is key to 
collecting useful data. I like to measure plant brix 

In multiple trials conducted in several regions of the 
U.S., herds were randomly split into two groups. One 
group was grazed conventionally using set stock 
grazing while the other group was grazed adaptively, 
being moved each day or even multiple time daily to 
fresh paddocks. Results show that in a single season 
of adaptive grazing plant brix increased significantly 
compared to the conventionally grazed pastures 
(Diagram 3).

Diagram 2.  Impact of Plant Brix on Animal Performance

Diagram 3.  Single Season Effects of Grazing Method on Plant Brix

at least once every week. I recommend charting your 
measurements so that you can monitor progress and 
determine when specific plants and pastures reach 
peak brix.  This information can be important in making 
decision relative to when to graze specific pastures or 
when to mow for hay or haylage production.  

Over the past 20+ years we have collected a large 
amount of data on plant brix using serial measurements.  
We have correlated this with animal performance.  
Diagram 2 shows the improvement in average daily gain 
(ADG) in stocker steers as plant brix increases. 
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Regression analysis showed that with a base plant brix 
of 3.0%, for every 1.0% increase in plant brix average 
daily gains in stocker steers increased by 0.1 lbs/day. Our 
data in dairy cows indicates that increasing plant brix just 
3.0%, from 3.0% to 6.0%, increases fluid milk production 
10-15% and increases milk components up to 15%.  

Plant brix as measured in the afternoon hours can be 
almost double the brix of the exact same plants as 
measured in the morning. For that reason, I recommend 
moving your livestock in the afternoon as often as 
possible, rather than in the morning. This allows you to 
take advantage of the naturally higher plant brix and 
improve ADG’s. 

SUMMARY
Careful daily observation of the soil, plants, livestock, 
grazing impact, and insects/wildlife will allow you to 
note changes due to your grazing practices.  By making 
daily observations you can discern whether you are 
making progress or not.  By moving your livestock daily 
you are minimizing opportunity for large scale and long 
term mistakes.  If you observe what happened today 
and did not like the impact, you can immediately correct 
that mistake the very next day.  

Pant brix is important to both plant and animal 
performance.  Practices that improve soil biology also 
improve plant brix.  Even small improvements in plant 
brix can create meaningful economic gains.  

ARE YOU AN ACCOMPLISHED GRAZER?

What makes a person an accomplished grazer?  Is it 
maintaining weed-free pastures?  Is it the ability to 
keep their cows mud fat?  Is it rotating cows through 
all pastures every 30-35 days so that forages are kept 
in a highly vegetative state?  Is it realizing a 95%+ 
pregnancy rate in your cows every year? No, No, No and 
No.  As a matter of fact, all those things will actually 
work against you and create a series of  compounding 
and cascading effects that will negatively impact soil 
health, forage productivity, livestock performance, and, 
most importantly, net profitability.  

What makes a person an accomplished grazer is the 
ability to be an astute OBSERVER. Most of us have 
lost our ability to truly observe, to viscerally recognize 
what is really happening with the soil beneath our 
feet, the plants growing in our fields, the behavior 
and performance of our livestock and the signs of 
ecosystem health around us. We mistake being busy for 
being observant.  They are NOT the same. Checking tasks 

off our list each day is not the same as being observant.  
Real observation requires time spent in careful and 
thoughtful viewing of what is happening around us.  Many 
may even mistake this for being lazy, but the moments 
you spend in careful observation are THE most important 
moments of each day.  These are your “learning” moments.  

Keen, daily observation develops an astute sense of 
intuition. Highly tuned intuition facilitates great decision 
making.  It is almost impossible to make good decisions 
without keen observation and intuition. Bad data or a 
lack of data makes for poor decision-making skills.  

Andre Voisin (1903-1964), the French farmer and 
biochemist, was an incredibly astute observer and spent 
many hours in his pastures examining and pondering 
what he saw each day.  He wrote two books that are 
seminal reads for any aspiring grazer titled, “Grass 
Productivity” and “Soil, Grass, and Cancer”.  He was 
certainly a man way ahead of his time.  Key observations 
made by Voisin were that overgrazing has little to do 
with the number of animals on a pasture but far more 
to do with the amount of time the plants were exposed 
to the animals.  If animals remained in any one place 
for too long, or returned too soon, they almost always 
overgrazed certain plants.  He noted that OVERGRAZING 
and UNDERSTOCKING can result in thousands of plants 
in a pasture being killed.  One example he provided of this 
is the fact that one cow grazing a 10-acre paddock on a 
continuous basis can kill thousands of plants, whereas 
1000 cows grazing the same 10-acre paddock for a 
portion of one day will not kill a single plant.  

USE YOUR SENSES
When observing, you will need to use all your senses to 
their utmost.  Sight, sound, smell, touch, and even taste.  
The best grazers move their livestock on a daily basis, 
or even multiple times a day moves.  When you move 
your livestock make sure you note the condition of the 
previously grazed paddocks.  Did you get the desired 
impact?  Did you leave plenty of residual behind for 
protection of soil moisture and temperature and for soil 
microbial support?  Did you lay down enough trampled 
forages so that you are consistently building new 
carbon and organic matter?  Were your livestock highly 
selective or did they graze from the majority of plants 
growing in the paddock?  That includes not just the 
grasses and legumes but also the forbs (yes, weeds). All 
this requires the use of our sense of sight.  

What about the condition of the livestock? What are you 
seeing there?  Let’s take cattle as an example.  You need 
to note their daily body condition and gut fill.  If cattle 
are getting enough forage dry matter each day then you 
will be able to gauge this through their paunch fill. The 
paunch is the triangular area high on the left-hand side 
of the animal directly behind the 13rd (last rib) and in 
front of the front (hooks) of the pelvis.  If it is concave, 

or sunken in, after an hour or two of being moved into a 
fresh paddock then they are not consuming enough dry 
matter.  It should be filled out level with the ribs or even 
slightly convex (pushed out). 
 
What about their manure? Are you paying attention to 
the consistency of the manure patties?  Are they very 
loose and runny?  Are they stacked in multiple layers 
and dry in appearance?  Or, are they round in shape with 
the consistency of a thick pancake batter with a dimple 
on top?  This version of a manure patty is the most 
desirable and indicates the cattle are getting a good 
balance of both protein and energy in their diet.  Loose, 
runny patties and dry multi-layered stacked patties 
both are indicative of nutritional issues.  

What are the livestock eating every day when turned 
into a fresh paddock?  What do they go after first?  
What about in their second and third rounds around 
the paddock?  How do they respond to each other 
in varying stock densities? How do varying stock 
densities change their grazing behavior?  How long do 
they tend to actively graze each day compared to time 
spent in digestion and rest?  

I know I have posed quite a few questions, but if you 
do not immediately understand how to respond to 
these questions you are not taking the time needed 
for astute observation and are missing critical 
components of accomplished grazing.  

SHOVEL TEST
On a routine basis you should employ what my partners 
and I call the “Shovel Test”. We do this in every Soil Health 
Academy on our first trip out to the field.  This requires a 
highly technical tool called a shovel (make sure and read 
the Owner’s Manual before first use). All kidding aside, 
one of the most basic tools we have on a farm is also one 
of the most important relative to being an accomplished 
grazer. Dig divots of soil about a foot deep and examine 
the soil surface thatch layer, the soil aggregate layer, the 
color of the soil, the aroma of the soil, the presence of 
soil macro-organisms, such as earthworms, beetles and 
grubs. Take pictures so that you have a pictorial diary and 
can monitor progress through the years.  

Do you have multiple plated layers of soil? If so, 
you have serious issues with compaction and water 
infiltration.  It also indicates poor microbial population 
and functioning. Does your soil have a deep-rich earthy 
aroma (very good)? Or, does it have a slight metallic or 
acidic aroma OR a sour or musty aroma (not good)? In 
nature good aromas mean good things are happening 
and bad aromas mean bad things are happening. 

How much soil aggregate do you have?  Unfortunately, 
many pastures across North America today have very 
poor soil aggregate layers, thus poor water infiltration.  

This is the very reason many grazers now say they are 
never more than two weeks away from a drought.  

WATER INFILTRATION TEST
Another test that you can do on an annual basis is a simple 
water infiltration test. To do this you will need a 6-inch 
infiltration ring made out of metal or even PVC pipe.  You 
can google soil water infiltration tests to see how easy it is 
to do this.  There are also charts available from the USDS 
NRCS that will tell you where you should be in terms of 
water infiltration rates.  Very simply, the more water your 
soil can infiltrate the more productive your forages will be.  

PLANT BRIX
Measuring plant brix using a simple optical 
refractometer is a great way to gauge soil microbial 
health, plant health, and ultimate animal health.  I have 
written several articles on plant brix that provide details 
on how to do this and would be happy to share upon 
request.  Bottom line is routine brix measurements 
allow for far better assessment of soil and pasture 
conditions, when to graze specific pastures, and what 
type of performance to expect from your livestock. 

Every time to do brix measurements on your plants take 
the time to also note the aroma of the plants you are 
measuring. You will soon learn to correlate the plant brix 
to the aroma profile.

Regression analysis on more than 20 years of plant brix 
data shows that for every 1.0% increase in brix above a 
base of 3.0% brix, cattle average daily gain increases 0.1 
lbs/day (Figure 1). The majority of pastures across North 
America average a 3% to 6% plant brix. Accomplished 
adaptive grazers can average 12% to over 20% plant brix. If 
you can influence an increase in plant brix from 5% to 15% 
then your cattle would gain an additional 1.0 lb/day on the 
same forages in the same pastures.  Increases in plant brix 
are primarily influenced by soil microbial function. Increase 
microbial function and you increase brix.  

Figure 1.  Impact of Plant Brix on Average Daily Gain (ADG)
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Plant brix fluctuates every 24-hour photoperiod. When 
the sun sets each day and photosynthesis shuts down, 
plant carbohydrates migrate to the base of the plant.  
When the sun rises each morning and photosynthetic 
activity fires back up, the carbohydrates migrate up 
to the top of the plant, reaching a peak concentration 
in the plant blade and leaf material by mid-afternoon. 
Therefore, best animal performance is realized when 
animals are moved to fresh paddocks in the afternoon 
instead of moving them in the morning. You are giving 
up free gain when making moves in the morning.

MANURE AND URINE DISTRIBUTION
More frequent movement of our livestock results in 
far better manure and urine distribution across all 
pastures. Figure 2 illustrates the effectiveness of 
manure and urine distribution with type of grazing 
system implemented.  

If your goal is to get one manure patty on every square 
yard of pasture it will take 27 years to accomplish 
that with continuous grazing. However, if you move 
them just once daily, every day, it only takes one 
year to accomplish the same goal. Not only have you 
accomplished that goal in a 27th of the time, but you 
will have accomplished that goal 27 more times in 27 
years than the continuous grazer was able to. 

A single cow deposits on the soil each day in her 
manure the equivalent of 0.23N-0.15P-0.52K. With higher 
stock density impact, it is quite possible to deposit 
84N-54P-189K, or more, in a single year to a single acre 
simply using your livestock as the fertility tool. 
 
MOVEMENT FREQUENCY
The more frequently we can move our livestock the 
greater the positive compounding and cascading effects 
we will realize. Frequency of movement combined with 
adequate rest periods elicits very positive compounding 
benefits that benefit life from beneath the soil surface 
to above. These benefits include greater soil microbial 
life, deeper root depth and greater root mass, more 

soil carbon and organic matter deeper in the soil, 
more plant species diversity and biomass production, 
increases in beneficial insects and pollinators, an 
explosion in bird species and numbers, better wildlife, 
and animal performance.  

Figure 3 illustrates the increase in all forms of life as we 
move along the continuum of grazing system options.

Figure 2.  Grazing System Impact on Manure & Urine Distribution.

Figure 3.  Impact of Grazing System on Diversity and Complexity  
of Life

MANAGING WEEDS
One of the most frequent questions I get regarding 
grazing is “How do I control weeds? Do I need to mow, 
spray, or what?”. It seems that many of us are far 
too concerned about what weeds are growing in our 
pastures than doing what we need to regarding grazing 
practices and observation. The vast majority of the 
“weeds” or forbs that are growing in your pastures 
are growing there as a result of our management 
decisions.  These “weeds” are nature’s first line of 
defense and repair as a result of an insult to the soil. 
If we have a weed problem, we can only point our 
finger back at ourself and ask “what did I do to cause 
that weed to be there”? It is there to repair a scar we 
created through lack of observation and improper 
grazing practice. 

Weeds do not exist to irritate and aggravate us. They 
are not nature’s way of punishing us.  It is rather the 
opposite. Degraded soils are most rapidly repaired 
through these weeds. Not through grasses and 
legumes. They come after the weeds have had time to 
do their duty.  

The work of Dr. Fred Provenza, author of Nourishment 
and retired Professor Emeritus at Utah State 
University, shows us that these “weeds” have a 
profound role in soil, plant, animal, and human health. 
They produce an astounding array of secondary and 
tertiary chemical compounds that are highly medicinal 
in nature and anti-parasitic in nature. In other words, 

if our livestock eat these weeds then they are self-
medicating and self-deworming every day.  

However, most will tell me immediately, and with 
conviction, that “My cows will not eat those weeds!”.  
I have to call bull**** on that. They will IF you will 
teach them.  We have discovered that cattle, and 
other livestock, will eat almost every weed (forb) 
known to man, if given the opportunity and the proper 
enticement.  We conducted a workshop just yesterday 
on a farm in Southern Illinois where a young couple 
are adaptively grazing barn-run stocker calves They 
are buying naïve calves aggregated from multiple 
farms from local auction barns.  We witnessed these 
calves eating pigweed, thistle, horse nettle, cocklebur, 
ragweed, curly dock, and a host of other plants that 
most grazers say cattle will not eat. These calved were 
not taught at their home farms to eat these plants.  
They learned that behavior through stock density 
applied in adaptive grazing.  

How do you best manage weeds? Simply through 
grazing. The very best tool you have in your tool box for 
“weed” management are your cattle and/or your sheep 
or your goats. No need to spend dollars on herbicides 
or mowing.  If you do the proper job of grazing 
management, the livestock will eat the weeds and 
they will benefit from the medicinal and anti-parasitic 
compounds they are consuming.  

One word of caution here: If you have an area that is 
predominantly composed of a known toxic plant, then 
you may need to consider a chemical or mechanical 
means of control prior to starting grazing control.  

SUMMARY
What does it take to be an accomplished grazer?  
Keen daily observation. It is that simple. Then adjust 
what you are doing based on those observations. 
Use your senses of sight, sound, touch, smell, and 
taste. Use simple tools such as the shovel test, water 
infiltration test, and plant brix to compliment your 
five senses. Move your livestock frequently and alter 
stock densities. Provide adequate rest periods for each 
pasture prior to grazing again. 

Don’t try to turn good grazing into rocket science.  
Keep it simple and keep it fun. Tune into your sense of 
discovery and you will get great enjoyment out of the 
daily observations you are making. 
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DR. SHABTAI BITTMAN 
DAY 2 3:00 PM

Shabtai Bittman and Derek Hunt
PERSPECTIVES IN FORAGE-SOIL 
INTERACTIONS: AGROECOLOGY OF 
PASTURES AND SOILS  
What characterizes most pasture-ruminant systems 
is that they need to perform well, year after year, with 
minimal inputs and intervention because of limited 
financial returns per hectare. Inputs are often restricted 
to fencing for grazing management and mechanical 
or chemical interventions to control brush or noxious 
weeds, sometimes in concert with augmenting desirable 
grass and legume species especially by over-seeding. 
There is often only a limited ability to apply fertilizers due 
to their costs and limited response on poor or marginal 
soils. Manure is technically free but a poorly distributed 
input on pastures, and costly to haul and spread.

With limited access to inputs, effective pasture 
productivity must rely on nuanced management by 
producers that depends on knowledge, experience and 
observation. The management goal is to protect and 
enhance desirable grass, legume and forb species, while 
reducing encroachment by invasive species deemed 
undesirable due to poor yield, palatability, quality 
(digestibility or toxicity) and because some invasive 
exotics reduce biodiversity. A well-known example is 
the highly invasive unpalatable annual cheatgrass in the 
rangelands of California which out-competes productive 
native perennial grasses for spring soil moisture reducing 
rangeland productivity and even posing a fire hazard.
 
Many of the northern prairie community pastures 
have been overrun by Kentucky bluegrass (KBG) since 
they were developed, and while sufficiently palatable 
this species is a poor producer compared to native 
needlegrass or introduced meadow bromegrass. KBG 
owes its competitiveness to tremendous genetic 
diversity, resistance to grazing thanks to its low growing 
point, and its water conserving adaptation of leaf 
folding using rows of motile cells alongside the midrib; 
a droughted bluegrass leaf on pastures looks much 
like a spikey rolled creeping red fescue leaf but it is a 
quite a different beast. KBG is a drought avoider, not a 
drought tolerater. Its diffuse shallow roots in the upper 
soil layer are well adapted to shallow soil water from 
sparse summer rains but ill-suited to collecting deeper 
moisture which can be taken up by tap-rooted legumes 
and deeper-rooted grasses like bromes, wheatgrasses 
and wild ryes. Altai wildrye is especially deep rooted 
and salt tolerant so it can be grown around sloughs. 
Favouring the bluegrass success on the prairies is 

NOTES
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the physical phenomenon that draws moisture from 
the warmer deeper soil to the colder surface layer 
overwinter, similar to ice collecting on the inside walls of 
freezer bags.

Diverse grass and non-grass species tend to sort 
into the various physical and biological niches in 
pastures, a self-selecting semi-random process 
which can be helped with good grazing management 
and supplementary seeding. Knowing the pattern 
of species across pastures is helpful for grazing 
management. The pattern is also a good ecological 
indicator or integrator of environmental gradients 
such as soil quality, fertility, and recent climate trends. 
In work we did on community pastures in the 1980s 
we observed that there was a shift from creeping red 
fescue to KBG from central to northeast SK reflecting 
an increasing water balance gradient which favours 
bromegrasses over wheatgrasses. 

The merits of grasses and legumes for pastures have 
long been known, but new research has shown that 
there are possibilities for shrubs and for forbs such 
as chicory and plantain.  Both forbs are deep rooted 
and have a better mineral compliment than grasses, 
and plantain has diuretic properties which helps 
to disperse urinations which might reduce nitrate 
leaching and nitrous oxide hotspots (nitrous oxide is an 
important greenhouse gas). We found that weedy forbs 
including dandelion have a more favourable copper to 
molybdenum ratio than grasses for cattle nutrition. 
Other special traits such as tannins, found mainly in 
legumes such as cicer milkvetch, sainfoin and purple 
clover, may reduce bloat, improve protein utilization, 
reduce methane and reduce pathogen shedding.

Established perennials, especially grasses, are well 
adapted to prevent seedling establishment of even 
the same species by depleting moisture near the soil 
surface. This ecological strategy makes re-establishing 
desirable grasses and legumes by sod seeding a 
challenging process that can be assisted by expensive 
inputs like herbicides and partial tillage. Alternatively, 
sod seeding can be planned for moist springs after 
harsh winters when the perennial species are slower 
to recover. Heavy fall grazing can help to suppress 
spring growth but this depends on species, fall-dormant 
species such as crested wheatgrass are less susceptible 
to late fall grazing than less dormant species like 
meadow bromegrass and intermediate wheatgrass, 
and generally first year grasses are less dormant than 
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mature plants. Ideally, forage seed should be drilled or 
pressed about a cm into the soil and firmly covered. 
Hoof action can help to press seed into the ground and 
control competition but tends to be uneven so good 
seeding practices are always beneficial. 

Established perennial pasture grasses invest guardedly 
in the next generation by balancing the proportion of 
vegetative and reproductive tillers. Annual grasses like 
wheat have only seed bearing tillers but pasture grasses 
produce both flowering and non-flowering tillers. As the 
stand ages there are fewer floral tillers (seed producers 
know this). Non-flowering tillers keep producing stay-
green leaves atop the elongated stems. These tillers 
maximize carbohydrate production and retention 
whereas floral tillers translocate energy and nutrients 
from senescing leaves into ripening seeds. Non-flowering 
tillers have a higher leaf:stem ratio than floral tillers 
so that they are inherently more palatable and have 
better feed quality. The appeal of meadow bromegrass 
and southern type bromes is, in part, their abundant 
leafy tillers. And although they accumulate anti-quality 
lignin just like the floral tillers, the leaves stay green in 
dry weather. The browning or senescing leaves during 
drought indicate loss of chlorophyll and protein but also 
slowing metabolism that preserves fiber digestibility, so 
that drought-stressed pastures with shriveled herbage 
tends to have a better carrying capacity than might 
appear. Carbohydrates stored in crowns and root during 
drought are important for recovery growth.

Both moisture and nitrogen are limiting on prairie 
pastures and soil organic matter (OM) is well known 
to help provide both to herbage species. Soil OM 
holds water thus reducing percolation below roots and 
evaporation, allowing plants more time for uptake. This 
is especially true on sandy soils that have naturally 
poor water retention, but unfortunately these soils 
produce less crop residue for forming soil OM, and the 
organic matter is not very well protected by their coarse 
particles. Therefore these soils are hard to improve even 
by bringing in a lot of manure, although manure can 
help as long as salinity is controlled. A diverse species 
mix is especially helpful on these soils as the availability 
of water is inconsistent and ephemeral. Adapted 
species need to have excellent drought avoidance 
adaptations such as pores on the underside of leaves 
that react quickly to plant desiccation, and even a waxy 
bloom may help reflect short wave solar radiation and 
conserve water, and rapid leaf senescence. Deeper 
rooted species maintain photosynthesis and leaves 
during short droughts and the additional stored 
substrate facilitates rapid recovery when water is 
restored. Such plants are thought to tolerate drought. 

Avoiding grazing during grass stem elongation 
preserves roots and root growth and in this way helps 
maintain growth and survival through droughts. 

While coarse textured soils emit little nitrous oxide, 
they are prone to nitrate leaching from urine patches 
so it is helpful to promote root growth by managing 
grazing. On fine soils, urine patches will lead to nitrous 
oxide hotspots. In both cases it is good to avoid 
concentrating urine and dung patches by excessive 
animal congregation. Managing animal dispersal with 
rotational grazing or brief high-intensity (mob) grazing, 
will minimize hotspots and will improve distribution of 
nutrients and reduce their environmental impact.  It 
may also reduce areas with dead patches, maintain 
uniform growth across the pasture and help to prevent 
movement of nutrients and organic matter from the 
overall pasture to the congregation areas. 

While soil OM contains valuable nutrients, they tend to be 
locked up in chemically stable compounds and protected 
by soil particles. Nevertheless, soil OM releases nutrients 
when subject to aeration by tillage and hoof action and 
by moisture. OM is also stored in plant materials which 
includes living and dead roots, crowns, shoots or leaves. 
Also, faeces and urine are both rich sources of nutrients 
especially when fresh.  These non-stabilized organic 
compounds are prone to breakdown from freeze/thaw 
and dry /wet cycles and are subject to mineralization, by 
microbial action, into inorganic nutrients like ammonium, 
nitrate and phosphate which are needed for plant growth. 
The amount of mineralization that occurs is affected by  
their chemical structure, such as C: N ratio, and by soil 
conditions (temperature and moisture). The abundance 
of bacteria and fungi changes with soil conditions 
including amount of substrate, but also with abundance of 
microbe-eating protozoa which are in turn consumed by 
nematodes which may be consumed by some fungi. Thus, 
microbes exist in a dynamic soil food web, which includes 
many classes of invertebrates like worms and ground 
beetles. As nematodes have the longest life expectancy of 
soil microbes they may serve as the best indicator of food 
web activity. The complexity of the food web is thought 
to indicate soil health and helps keep soils stable and 
resilient, but also makes the soil difficult to improve. 

While the food web reflects internal cycling of 
nutrients within the soil ecosystem, new nutrients 
are needed to offset those lost or removed when the 
cattle are removed in autumn. On prairie pastures, 
nitrogen comes from atmospheric deposition of 
ammonia from livestock operations and regional urea 
application, and from oxides of nitrogen from fuel 
burning, and by symbiotic fixation associated with 
legumes and fixation by free-living microbes. Inputs of 
other nutrients, especially phosphorous, are less clear 
and may require fertilizer or manure supplementation. 
Sulphur deficiency which has become more common 
with less deposition from dirty fuels, has the 
appearance of nitrogen deficiency.  Deficiency of 
nitrogen, sulphur, and phosphorous my shift species 
towards poor producing KBG, and low phosphorous 

tends to reduce legumes. Only very winter-hardy 
legumes will persist in mixtures with aggressive 
grasses like smooth bromegrass. Bale grazing helps 
to restore fertility of a pasture but bale-grazed fields 
should be rotated to spread the nutrients around.

Successful and innovative grazing and soil management 
depends on farmers observing and understanding the soil-
crop-animal continuum on their farm in an everchanging 
climate. Although the pasture productivity is bound by 
these factors, there are many opportunities for attentive 
pasture managers to improve the productivity, profitability 
and sustainability of their grazing-ruminant systems. 

For more information please see “Cool Forages” by 
Bittman and Hunt and www.farmwest.com
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estimates of waste and yield loss comparing meat and 
dairy with other types of food show that total losses 
(from production through consumption) are greater for 
PSF, especially fruits and vegetables (Gunders, 2012). 
These facts are not accounted for in the arguments 
against ruminant animal agriculture either.

OUR CHRONIC DISEASE EPIDEMIC: 
Forty-seven years after the release of Dietary Goals for 
the United States, promising a reduction in the risk and 
incidence of chronic diseases, 60% of adult Americans 
have one or more chronic (metabolic) diseases (Buttorff 
et al., 2017). Fifty-two percent of US adults are diabetic 
or pre-diabetic (Menke et al., 2015). Only 12% of adult 
Americans enjoy “optimal metabolic health” and “The 
prevalence of metabolic health in American adults is 
very low, even in normal weight individuals.” (Araújo 
et al., 2019) Research is implicating hyperinsulinemia 
(chronically elevated insulin) with a growing list of 
chronic diseases, including some cancers, Alzheimer’s 
Disease, and heart disease (Crofts, 2015). 

TRUE SUSTAINABILITY: Like “healthy diet,” the 
term “sustainability” encompasses a number of largely 
unexamined assumptions. When examined, they 
frequently do not support the popular understanding. 
Sustainability is a multifaceted topic that should consider 
of societal, economic, and environmental aspects. 
Frequently, however, concerns about the environment are 
the sole consideration. Hence “environmental,” “green,” 
and “sustainable” have become synonymous. These 
frequently conflated terms must be examined individually. 

In the opening of Why We Get Fat and What to Do About 
It, Gary Taubes writes:

“Carbohydrate-restricted diets typically (if not, 
perhaps, ideally) replace the carbohydrates in the 
diet with large or at least larger portions of animal 
products—beginning with eggs for breakfast and 
moving to meat, fish, or fowl for lunch and dinner. 
The implications of that are proper to debate. Isn’t 
our dependence on animal products already bad 
for the environment, and won’t it just get worse? 
Isn’t livestock production a major contributor to 
global warming, water shortages, and pollution? 
When thinking about a healthy diet, shouldn’t 
we think about what’s good for the planet as well 
as what’s good for us? Do we have a right to kill 
animals for our food or put them to work for us in 
producing it? Isn’t the only morally and ethically 
defensible lifestyle a vegetarian one or even a 
vegan one?” (Taubes, 2010)

TAUBES CORRECTLY AVOIDS THESE ISSUES: 
“These are all important questions that need to be 
addressed, as individuals and as a society. But they 
have no place in the scientific and medical discussion 
of why we get fat.” But is the statement that “livestock 
production [is] a major contributor to global warming, 
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WE NEED A RUMINANT REVOLUTION!

ABSTRACT
Human beings exist because of ruminants. Today’s 
societies rely upon them. Humanity’s future depends 
upon improvements in the productivity and efficiency of 
worldwide ruminant animal agriculture. Like the general 
public’s confusion of what constitutes a “healthy 
diet,” tremendous misunderstanding exists regarding 
the environmental role of ruminant animals. Diets 
rich in butter, meat and cheese have been shown to 
promote human health and development. Of significant 
worldwide impact, such diets can correct the symptoms 
of metabolic syndrome, offering hope in arresting the 
current worldwide epidemic of chronic diseases. The 
Dietary Goals for the United States and the subsequent 
eight editions of the Dietary Guidelines for Americans, 
however, are based on the belief that plant-based, 
high-carbohydrate diets are “healthy.” Since nutrition 
research does not support the belief that vegetarian 
diets are healthier than animal-based diets, an appeal to 
“sustainability” is now used to continue the justification 
of these recommendations. True sustainability, however, 
is a multifaceted topic that should consist of societal, 
economic, and ecological aspects. The enormous 
suffering and financial costs of chronic illness must 
be, but typically is not, acknowledged. The production 
of high-quality animal protein and animal fat by 
ruminants from feed resources humans cannot directly 
utilize is essential in today’s food systems and will be 
fundamental to feeding a growing population. What’s 
more, this essential food production can preserve and 
enhance the diverse environments where it takes place. 
We need a revolution in our thinking of what constitutes 
a healthy diet, of what causes chronic illness, of the vital 
role that animal product play in the human diet, and 
the essential nature of ruminant animal agriculture in 
meeting humanity’s needs. This will mean overthrowing 
established policies and institutions, and confronting 
vested belief systems. In addition, we need an effort, 
analogous to the Green Revolution, to develop and 
deploy the knowledge and technology necessary to 
meet the mid-21st Century demand for ruminant 
animal products while preserving and enhancing the 
environments in which they’re produced.

BACKGROUND
The United States Senate Select Committee on 
Nutrition and Human Needs released Dietary Goals 
for the United States in 1977 (US, 1977). Like all 
policy it was a product of its time, heavily influenced 
by 19th century western vegetarianism and 1960’s 
environmentalism. The American public was told that by 

eating less fat, cholesterol, salt, and sugar the incidence 
of so-called “killer diseases” would be reduced. Its 
conclusions and recommendations regarding dietary 
fat and cholesterol (as well as salt (Taubes, 2016)) were 
not justified by the then-available science (Harcombe 
et al., 2015; Taubes, 2007). They were adopted despite 
the concerns of researchers and clinicians (Taubes, 
2007; Teicholz, 2014a). In 1980 the United States 
Department of Agriculture released the first Dietary 
Guidelines for Americans. The official advice ever since 
has been to limit the consumption of animal products 
in general and red meat in particular since these are 
a significant source of saturated fat and cholesterol. 
The promised health benefits, however, have failed to 
materialize. Indeed, the rates of chronic diseases have 
increased. Perhaps it’s not surprising that a recent 
review stated that “claims about the health dangers 
of red meat are not only improbable in the light of our 
evolutionary history, they are far from being supported 
by robust scientific evidence.” (Leroy and Cofnas, 2019) 
Recent reanalysis of the available data does not support 
restricting intake of red meat and processed meat from 
current levels of consumption (Johnston et al., 2019). 
Despite mounting evidence contradicting their position 
on what constitutes a healthy diet, the 2015 Dietary 
Guideline Advisory Committee (DGAC) continued this 
pro-vegetarian position. While carefully altering their 
guidance on cholesterol, total fat, and saturated fat 
intake, the DGAC, preparing for the eighth edition of the 
Dietary Guidelines for Americans (DGA), indicated that 
they were prepared to remove even lean meat from their 
“healthy eating pattern,” due to “sustainability” issues. 

FOOD SUPPLY, NOW AND IN 2050: 
Human beings are, like all vertebrate organisms, 
heterotrophs. We cannot produce organic compounds 
from inorganic sources. We must consume other 
organisms to meet our dietary protein and energy 
requirements. The majority of the calories and protein 
in humanity’s diet comes from plants (Delgado et al., 
1998) with 15% coming from ruminants (Boland, 2013). 
Childhood stunting and impaired cognitive development 
due to insufficient ASF in the diet of the world’s poor 
demonstrates the need to increase the availability of 
ASF (Adesogan et al., 2019). 

Ninety six percent of the feed fed to ruminants 
worldwide is not utilizable by humans (Mottet et al., 
2018), thus ruminants increase the quantity and quality 
of humanity’s food supply. The United Nations (UN) 
estimates that the world’s population will reach 9+ 
billion by mid-century requiring a doubling of worldwide 
food production by 2050 (UN, 2009, 2017). The Food 

and Agriculture Organization (FAO) predicts that this 
growing, and growingly prosperous, population will 
result in a 66% increase in demand for animal protein 
by 2050 (FAO, 2011). Only 3% of the entire Earth’s 
surface is suitable for cultivation and the majority of 
the food and fiber being produced is already being 
utilized by humans (FAO, 2003). These facts are not 
accounted for in the arguments against ruminant 
animal agriculture. 

FORAGE AGRICULTURE VS THE ALTERNATIVES: 
Some form of agriculture is an obvious requirement 
if we are to meet the needs of 2050. Not all forms of 
agriculture have a similar environmental impact, nor 
are they equally suited to various regions of the world. 
Roughly a quarter of the Earth’s surface is suitable for 
some level of fiber production, a resource that humans 
cannot utilize as food but which can be converted 
in animal products via ruminants. While popular 
perception of the role of grazing animals in promoting 
soil health is growing, the benefits of forage agriculture 
have been understood for decades. 

Complementary benefits from forages (Barnes et al., 2003) 

• Soil erosion control
• Improvement of soil structure and fertility of 

arable soils
• Water conservation and protection
• Provision of habitat for biologically diverse 

plants and wildlife
• Protection of the environment from pollutants 

such as sediment, windblown soil, municipal and 
farm wastes, and some toxic substances

• Outdoor recreation and pleasure

Despite popular romantic images of agriculture, 
modern technology supports greater efficiency and 
lower environmental impact (Lomborg, 2001). These 
improvements are needed in forage agriculture, which 
has lagged behind commodity agriculture. This need 
is greatest in the developing world where it will lead to 
significant reductions in environmental impacts.

ANIMAL SOURCE FOODS (ASF) VS PLANT 
SOURCE FOODS (PSF): 
Official dietary policy and education messaging has 
obscured the biological fact that Animal Source Foods 
(ASF) are nutritionally superior to Plant Source Foods 
(PSF) in terms of human nutrition (Ottoboni and 
Ottoboni, 2013). Equal calories of energy from ASF 
(primarily fat) and PSF (primarily sugars and starches) 
do not have the same metabolic effect in the human 
body. Equal amounts of crude protein and minerals 
from animal products and plant products are not 
metabolically equivalent. An individual’s requirement for 
vitamins is significantly influenced by food source, with 
plant sources increasing the quantity needed. Therefore, 
more pounds of plant PSF are required to supply the 
nutrition provided by a given amount of ASF. In addition, 
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water shortages, and pollution” correct? Do animal 
products from ruminants have a similar “footprint” to 
those from fish, poultry and swine? Is the production 
of a plant-based diet more sustainable? Is the belief 
that what’s best for humanity intrinsically bad for the 
planet correct?

In the late 1980s “sustainable agriculture” began to 
receive attention and funding. At that time, it was 
synonymous with “organic” and the vegetarian belief 
system. Prominent members of the early organic 
and sustainable agriculture movements went so far 
as to state that animals have no place in sustainable 
agriculture. The same belief systems that heavily 
influenced the formation of the DGA, has informed the 
conventional wisdom regarding environmental issues. 
And those issues will now apparently will be used justify 
continuing to advocate plant-based diets.

“The USDA committee’s mandate is to ‘review the 
scientific and medical knowledge current at the 
time.’ But despite nine full days of meetings this 
year, it has yet to meaningfully reckon with any 
of these studies—which arguably constitute the 
most promising body of scientific literature on diet 
and disease in 50 years. Instead, the committee 
is focusing on new reasons to condemn red 
meat, such as how its production damages the 
environment. However, this is a separate scientific 
question that is outside the USDA’s mandate on 
health.” (Teicholz, 2014b) 

Is the belief that the production of red meat has a 
greater impact on the environment than the production 
of the components of a plant-based diet justified? Lierre 
Keith offers one substantial refutation in her book “The 
Vegetarian Myth” (Keith, 2009). 

ANIMAL SOURCE FOOD AND SUSTAINABILITY:
Societal: What is the social impact of the various 
alternatives? Are the health claims made for plant-
based diets, for example, justified? Can the long-term 
health and well-being of large numbers of humans be 
maintained on plant-based diets? Projections for a need 
to double the world’s food supply by 2050 should focus 
our debates and research. The quote “Any society is 
only three square meals away from revolution,” while 
undetermined in origin, is nonetheless true. 

The archeological record and anthropological research 
demonstrate that the human diet was based upon animal 
products. Research confirms that the modern diet 
ought to be, too. The mistaken belief that the healthy 
diet is a plant-based one, based upon carbohydrates, 
has produced an epidemic of chronic disease in the 
United States (Taubes, 2010). The costs of this epidemic 
are unsustainable (these costs will be discussed in 
the Economic section, below). Societal impacts of 
lives diminished and shortened by metabolic diseases 
must be large, but are seldom considered. Significant 

changes in agriculture and the rural communities and 
their economies have coincided with this period plant-
based dietary policy. While the Dietary Guidelines 
can’t be solely blamed for these changes, it must have 
been a significant factor. Diets based upon animal 
products produce improvements in a wide variety of 
chronic diseases (Taubes, 2007). These diets are more 
sustainable – people stay on them – as compared with 
low-fat and semi-starvation diets (Taubes, 2007).

Ecological: Our perception of “wilderness” and “nature” 
has been as distorted as our understanding of what 
constitutes a “healthy diet.” When Europeans first arrived 
in North America, they did not find a primeval landscape. 
Rather, they encountered a land significantly altered by 
humans through the use of fire, sophisticated agricultural 
techniques, mining, and road and mound building (Mann, 
2005). The following quotes may be illustrative:

“When Lewis and Clark headed west … they were 
exploring not a wilderness but a vast pasture 
managed by and for Native Americans” (Lott, 2002). 

“At the time of Columbus the Western Hemisphere 
had been thoroughly painted with the human brush. 
Agriculture occurred in as much as two-thirds 
of what is now the continental United States, 
with large swathes of the Southwest terraced 
and irrigated. Among the maize fields in the Midwest 
and Southeast, mounds by the thousand stippled the 
land. The forests of the eastern seaboard had been 
peeled back from the coasts, which were now lined 
with farms. Salmon nets stretched across almost every 
ocean-bound stream in the Northwest. And almost 
everywhere there was Indian fire.” (Mann, 2005)

“The virgin forest was not encountered in the 
sixteenth and seventeenth centuries,” wrote 
historian Stephen Pyne, “it was invented in the 
late eighteenth and early nineteenth centuries.” 
(Mann, 2005) 

Forage plants are those plants eaten by animals directly 
as pasture, crop residue, or immature cereal crops, 
those cut for fodder, and conserved for later use as 
hay or silage. These diverse crops vary widely in their 
adaptation and feed quality. They are typically low in fat, 
high in fiber, and not utilizable by humans. While forage 
crops can be grown on ground incapable of producing 
feedstuffs that are utilizable by humans, greater yields can 
be achieved on better arable ground. These crops have 
limited economic value until converted into meat, milk, 
and fiber. Three quarters of the feed consumed by the 
United States’ beef cattle is forage (Heath et al., 1985).

Grasslands are among the largest ecosystems in the 
world. The proportion of the earth’s land area covered 
by grasslands in 2000 was estimated at 3.5 billion 
hectares (8.6 billion acres), representing 26% of the 
world land area and 70% of the world agricultural area. 

There are 255 million hectares (630 million acres) of 
pasture, pastured woodland, pastured cropland and 
public grazing lands in the US. Less than 9 percent of 
the cropland is pasture (Heath et al., 1985).

Perennial forage crops increase soil organic matter, 
fixing more carbon than woodland. Pasture crops 
reduce soil erosion, improving the infiltration of water 
into the soil profile and surface water quality. Without 
managed grazing or periodic burning, many grasslands 
will not remain grasslands. Ecological succession results 
in encroachment by woody, less productive species.

The symbiotic relationship between the ruminant 
animal and the microbial population in their rumen 
permits these mammals to thrive on a low-fat, high-
fiber diet. This production of high-quality protein and 
animal fat offers an achievable form of sustainable 
form of agriculture. Pasture-based agriculture produces 
increased wealth while requiring fewer non-renewable 
inputs than annual crops. Biological nitrogen fixation 
by forage legumes and efficient nutrient cycling via 
the grazing animals’ dung and urine reduces fertilizer 
requirements. Managed grazing of adapted pasture 
mixes reduces pesticide use. These perennial crops 
require less tillage, cultivation, and harvest than annual 
crops, meaning less equipment is needed, and less 
fossil fuels used. The key to farm sustainability is 
lowering the cost of production, rather than achieving 
maximum production. Well-managed pasture-based 
production systems are the means of achieving the 
lowest cost of production of animal products.

The environmental impact of chronic disease itself 
has rarely been considered. While the Greenhouse 
Gas (GHG) emissions from the US beef industry 
have been estimated at approximately 3% of total 
anthropogenic emissions (EPA, 2018), the emissions 
from the US healthcare industry amount to 10% of 
the total (Eckelman and Sherman, 2016)! A significant 
portion of that “footprint” is due to the pharmaceutical 
industry, which is a significant global source of 
emissions - “Unexpectedly, we found that the Pharma 
industry, on average, is a higher intensity emitter than 
the automotive industry”  (Belkhir and Elmeligi, 2019). 
Calculations suggest that if the average American Type 
2 Diabetic were to eliminate their medication use, they 
would lower their “carbon footprint” 29% MORE than if 
they shifted from a “meat-heavy” to a vegan diet.

Economic: Forage-based livestock production systems 
are fundamental to the global economy, and are 
more economically sustainable than annual cropping 
systems. Grasslands contribute to the livelihoods of 
more than 800 million people, worldwide. They are a 
source of food and forage, energy and wildlife habitat. 
The single greatest source of new wealth (the conversion 
of natural resource into a salable commodity) in the US is 
the conversion of grass into beef.

The fiscal crisis currently facing the United States is, 
to a significant degree, driven by the dramatic increase 
in health care spending. “The total cost of chronic 
diseases due to obesity and overweight was $1.72 
trillion—equivalent to 9.3 percent of the U.S. gross 
domestic product” (Waters and Graf, 2018).  Seventy 
percent of deaths in the US are due to chronic diseases 
(CDC, 2010). Chronic diseases such as diabetes, 
cancer, and heart disease are the leading causes of 
disability and death in the US. About 25% of people 
with chronic diseases have some type of activity 
limitation, including restrictions in employment and 
education (Solutions, 2004). Conventional wisdom 
states that obesity increases the risk of developing 
conditions such as diabetes and heart disease. An 
opinion informed by recent research understands 
that obesity is a metabolic disorder and is associated 
with other metabolic disorders, such as diabetes and 
heart disease. Obesity is not a cause of this metabolic 
syndrome; it is one of metabolic syndrome’s conditions. 
This fundamental misunderstanding contributes to the 
epidemic of chronic diseases, including obesity, we’re 
now experiencing (Taubes, 2007, 2010).

Few of these societal, ecological and economic aspects 
of ASF production (let alone ASF from ruminants) and 
consumption are considered in the frequent statements 
regarding livestock agriculture and sustainability. If 
health is considered, it is typically informed by the 
arguably flawed conventional perspective (Springmann 
et al., 2018; Willett et al., 2019).

CONCLUSIONS
Despite what many believe, humanity’s future requires 
improved efficiency and increased productivity of forage 
agriculture, domestically and world-wide. Popular 
perceptions and public policy are founded on beliefs 
and worldviews that are not grounded in scientific 
evidence. Current scientific literature concerning 
human nutrition demonstrates the essential role of 
animal source food in human development and health. 
Forage agriculture offers unique ecological advantage 
over other forms of agriculture (e.g. Ruminant animals 
increase the quantity and quality of humanity’s food 
supply; Perennial and short-rotation forages (i.e. cover 
crops) reduce soil erosion and improve soil health.). 
Issues of sustainability must include consideration of 
societal and economic aspects in addition to ecological 
ones. Objective science strongly suggests that red 
meat and full-fat dairy products from ruminant animal 
agriculture can reverse the current world-wide epidemic 
of chronic diseases which are exerting unsustainable 
ecological as well as economic and ecological burdens.
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SAINFOIN: A CANADIAN  
SUCCESS STORY

Alfalfa is by far the most widely adapted and productive 
forage legume crop in the world including western 
Canada. This, coupled with its high nutritional value 
including rapid digestibility make alfalfa one of the few 
forage crops that is capable of sustaining beef cattle 
growth of 1 to 1.5 kg d-1 as is observed in cattle in the 
feedlot. Cattle grazing alfalfa can bloat thus reducing 
rate of gain and in extreme cases this can cause animal 
death. In addition, the rapid protein degradation in the 
rumen also causes loss of nitrogen in the form of urea 
thereby reducing N utilization.

Sainfoin is a perennial forage legume containing 
condensed tannin that has the capacity to produce 
high DM yield, high quality forage and is suited for 
grazing and making hay or silage. Interestingly, when 
sainfoin is consumed with alfalfa, the presence of 
tannins from sainfoin reduces the proteolysis of alfalfa 
proteins in the rumen and this leads to significant 
bloat reduction. The tannin/protein complex formed in 
the rumen dissociates in the abomasum and enables 
plant protein to be digested and absorbed in the small 
intestine, increasing protein utilization and possibly 
reducing methane emission. In addition, studies have 
shown that a minimum of 10% sainfoin dry matter in 
mixtures with alfalfa will control pasture bloat. Steers 
grazing on pure sainfoin pasture were observed to gain 
as much as on alfalfa pastures. 

A major weakness of old sainfoin cultivars (e.g. Melrose 
and Nova) registered for western Canada is that they 
do not persist in alfalfa pasture, do not grow back at 
the same rate as alfalfa after grazing and their dry 
matter yield is lower than alfalfa. They were developed 
for hay production in monoculture. 

Using a modified version of recurrent selection 
new sainfoin populations were developed for their 
persistence in mixed alfalfa stands with similar growth 
pattern to that of alfalfa in a multiple cut system at 
the Lethbridge Research and Development Centre 
(LeRDC). Individual plants were selected from sainfoin 
populations adapted to western Canada by cutting 
the plants three times during the summer, No direct 
grazing was involved. The hypothesis was that the 
populations developed under a multi-cut system while 
in competition with alfalfa would have adaptation for 
rotational grazing in western Canada. 

Several new sainfoin populations with ability to survive 
in mixed alfalfa stands, tolerant to frequent cutting, 
ability to produce rapid regrowth and high DM yield 
were developed. These new populations along with 
controls were tested for their performance in pure and 
mixed stands with alfalfa in multiple locations. 

The following were observed under simulated 
grazing conditions:

1. Some new populations were found to produce 
significantly more biomass than old cultivars 
in pure stands. Some populations produced as 
much biomass as high yielding alfalfa under rain-
fed and irrigated conditions in western Canada.

2. Mixed sainfoin-alfalfa stands produce more 
biomass than pure stands of sainfoin or alfalfa.

3. In mixed stands with alfalfa new sainfoin 
populations produced more biomass than old 
cultivar Nova.

4. Some new populations performed better in 
mixed stands than other populations regardless 
of the alfalfa cultivars they were growing with.

5. Some new populations produced higher 
proportion of dry matter in mixed alfalfa stand 
than Nova and this was more pronounced in 2nd 
cut compared to 1st cut.

The take home messages from this set of simulated 
grazing studies is that:

New sainfoin cultivars can produce higher biomass 
yield than existing cultivars and some can produce 
as much dry matter yield as high yielding alfalfa 
cultivars.

New sainfoin populations can stay in alfalfa pasture 
in higher proportions than Nova for 3-4 years and 
the mixed stands out-yield pure alfalfa stands.  

Then the question was, would these new populations 
prevent bloat in alfalfa pasture? 

Bloat studies were performed over years in Lethbridge 
using cannulated animals. Pastures were established 
by drilling sainfoin (LRC-3519 and Nova) and AC 
Blue J alfalfa in alternate rows to produce a 50:50 
mix of sainfoin and alfalfa. Plant performance in the 
mixed stand, proportion of each species in stand and 
bloat incidence were observed over two years using 
different animals. 

The following were the important observations: 

1. Under direct grazing a newly developed sainfoin 
population produced higher proportion of 
biomass in mixed stands with AC Blue J alfalfa 
than Nova for 3 yrs.

2. Under direct grazing a newly developed sainfoin 
population prevented 98% bloat in cattle 
while reducing bloat severity significantly as it 
provided higher proportion (>25%) of biomass 
in mixed stands with AC Blue J alfalfa than Nova 
(~5%) for 3 years.

The take home message from this multi-year bloat 
study is:

Higher proportion of new sainfoin populations in 
mixed alfalfa pasture helped reduce bloat incidence 
and severity significantly.    

The above positive results stimulated interest in 
sainfoin and lead to the question about animal 
performance from the mixed stands. For the purpose 
we planted large scale mixed stand grazing tests at 
Lethbridge and Swift Current. The plots were drilled 
with AC Blue J alfalfa and three new populations and 
Nova sainfoin in alternate rows. The plots were grazed 
with 365 kg Hereford steers in Lethbridge and 385 
kg Red Angus steers in Swift Current. ‘Alfasure’ was 
provided with water in both locations to prevent boat 
in the grazing cattle. Plant biomass productivity and 
animal performance were observed in these tests.

The significant observations from this multi-location 
study were:

1. New sainfoin populations produced higher dry 
matter yield with AC Blue J alfalfa in mixed 
stands than Nova under grazing over three years.

2. Average daily gains (kg/d) and live weight gains 
(kg/ha) of Hereford and Red Angus steers 
on sainfoin/alfalfa mixed pastures over three 
years were similar to gains in the feedlot and 
were not significantly different among sainfoin 
populations.

The take home message was:

Under direct grazing new sainfoin populations 
produced as much ADG and Kg Live Weight Gain 
per Ha as Nova when grown with alfalfa in mixed 
pastures, only new sainfoin populations can prevent 
bloat in grazing cattle due to their higher proportion 
in the mix.

After a number of new sainfoin populations with ability 
to grow with alfalfa were developed and information 

regarding their productivity and scientific evidence 
on their usefulness was generated people involved 
in forage industry including researchers in other 
locations, producer groups, extension workers and 
media dealing with forages got involved in promoting 
this crop. Without everyone’s concerted efforts this 
under-utilized crop would not have the stature it 
has gained in Canada. From that stand point it is a 
‘Canadian Success Story’. The sainfoin story will 
become even more interesting after the new research 
initiatives are successfully completed. At present our 
efforts are going into development of new sainfoin 
populations with improved leaf lipid content, biotic 
and abiotic stress tolerance and ability to establish in 
existing pasture.

IMPROVED SHOOT LIPID CONTENT 
EMS mediated mutagenesis: Attempts are being made 
to enhance total lipid content in vegetative tissues of 
sainfoin using EMS mediated mutagenesis and through 
gene silencing. So far we have selected greenhouse 
grown sainfoin plants with over 3% leaf lipid content 
when the wild type relatives had 0-1%. These plants 
were intercrossed and some of the resulting off spring 
have shown higher leaf lipid content than their parents. 
Intercrossing selected plants for 2-3 generations and 
selecting for high total shoot lipid content is expected 
to accumulate quantitative genes over generations. 
We are in the process of analyzing the data for total 
leaf lipid content and fatty acid composition of second 
generation plants. Gene silencing work is progressing 
well with model plants and has shown positive results. 
The good news is expected to be communicated to 
stake holders in the near future.

The take home message from this study is:

It is possible to develop sainfoin populations with 
higher shoot lipid content than the present cultivars 
using traditional (EMS mediated mutagenesis) and/
or molecular breeding methods.

Molecular work: In an attempt to specifically mutate 
genes found previously in our lab to elicit small 
increases in shoot lipid content when down-regulated, 
we are utilizing a CRISPR/Cas9 approach. CRISPR/
Cas9 has been used successfully in many polyploid 
plant species to date, including alfalfa; however, its 
efficiency in alfalfa was very low, and the resulting 
plants were chimeric with respect to the edit. We 
have very recently optimized this method in alfalfa 
to achieve non-chimeric plants in the first generation 
exhibiting editing in up to three of four alleles of a 
specific target gene (unpublished results). In this 
study, we designed three guide RNAs (gRNAs), each 
located directly upstream of a protospacer motif (PAM; 
NGG), to target alfalfa PXA1 and SDP1 homologs, 
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respectively. All potential gRNAs were assessed for 
specificity using Cas-OFFinder (www.rgenome.net/
cas-offinder/). Forward and reverse oligonucleotides 
corresponding to each gRNA were generated and 
annealed versions were ligated into the linearized 
pKSE401 vector, and the resulting binary vectors 
along with empty vector as a negative control, were 
then introduced into Agrobacterium tumefaciens 
strain LBA4404 via electroporation. The stable 
Agrobacterium-mediated transformation of alfalfa leaf 
explants was carried out as described previously using 
the highly regenerable N.4.4.2 genotype. Kanamycin-
resistant plantlets were transferred to pots and the 
presence of the transgene was confirmed in each 
case via PCR. Established transgenic genotypes are 
currently being screened for successful editing using 
T7E1 assays in every case. Genotypes that are positive 
for editing will then be assessed for editing efficiency 
using droplet digital PCR as described previously 
(Gao et al. 2018), and amplicons will be sequenced to 
determine the precise nature of the edit at the target site 
and also to rule out non-target effects. Edited genotypes 
will then be assessed for alterations in total lipid content 
and composition in shoot tissues using GC-MS.

Improvement in Acid Tolerance: The LeRDC sainfoin 
breeding program has been working on developing 
a multi-cut acid tolerant population. Preliminary 
observation on this new acid tolerant sainfoin 
population indicates that it has adaptation to multiple 
cuts and can produce more biomass than the check 
cultivar under low pH (~5.5) soils. This population 
needs to be tested for two more years before seed 
increase and commercialization will be initiated.

Improvement in Pasture Rejuvenation: Last year 
we completed a MSc thesis study on “Rejuvenation 
of depleted pastures with bloat-free legumes for high 
performance cattle grazing”. Important conclusions 
derived from this study were:

1. Method of establishment including the seed 
drill used and environmental conditions at the 
time of establishment had a major impact on 
rejuvenation success; 

2. Sainfoin was better than cicer milkvetch for rapid 
rejuvenation of depleted pastures; 

3. Sainfoin and cicer milkvetch populations 
differed in their ability to rejuvenate depleted 
pastures indicating that populations developed 
specifically for rapid pasture rejuvenation may 
help the process. 

My thoughts: Work on sainfoin in general and cultivar 
improvement in particular must continue to ensure 
wide adaptation for this crop.  

Genetic improvement work in sainfoin was never as 
intensive as alfalfa worldwide. More work on this crop 

NOTES
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will be beneficial for Canada in general, and Alberta 
and western Canada, in particular.
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DR. LLEWELLYN L. MANSKE
DAY 3 12:15 PM

BIOLOGICALLY EFFECTIVE 
MANAGEMENT OF GRAZING

Grazing is biologically beneficial for grass plants and 
for grassland ecosystems when grazing periods are 
coordinated with grass phenological growth stages 
(Whitman 1974).  

The four primary physiological growth mechanisms 
within grass plants that perform the herbage 
replacement processes are activated with partial 
defoliation by grazing animals when 25% to 33% 
of leaf weight is removed from 60% to 80% of lead 
tillers during vegetative phenological growth stages 
between the three and a half new leaf stage and the 
flower stage when a threshold quantity of 100 lbs/ac 
(112 kg/ha) of mineral nitrogen is available (Manske 
1999a). Unavailable soil organic nitrogen must be 
mineralized by soil microbes in order for nitrogen to be 
usable by grass plants. A large biomass of rhizosphere 
microorganisms is required to mineralize a large 
quantity of nitrogen yielding 100 lbs/ac. Grassland 
microbes are achlorophyllous and cannot fix their own 
carbon energy. Large quantities of surplus short chain 
carbon energy are produced by healthy vegetative 
lead tillers that can be exudated into the microbial 
rhizosphere when 25% to 33% of the leaf weight is 
removed with partial defoliation by grazing animals 
while lead tillers are between the three and a half new 
leaf stage and the flower stage (Manske 2018a). This 
treatment is applicable for crested wheatgrass and 
native grasses. Smooth bromegrass common varieties 
with southern parentage do not form symbiotic 
associations with rhizosphere microorganisms. On the 
other hand, the uncommon varieties with northern 
parentage readily form symbiotic associations with 
rhizosphere microorganisms (Manske 2017d). The 
four primary physiological growth mechanisms are 
not functional when less than 100 lbs/ac of mineral 
nitrogen is available and are not activated when zero 
% or greater than 33% of the leaf weight of lead tillers 
is removed during vegetative growth stages between 
the three and a half new leaf stage and the flower stage 
(Manske 2018a).

The three and a half new leaf stage is the phenological 
growth stage when grass lead tillers become 
physiologically capable of being grazed if only 25% to 
33% of the tiller leaf weight is removed.   Removal of 
50% leaf weight is detrimental until after the flower 

stage (Manske 2010, 2014a, b, 2018c).  The three and 
a half new leaf growth stage is the definitive signal 
showing when grasslands are ready for grazing to start.  
Perennial grass leaf growth stages of second year lead 
tillers is a simple, accurate, and dependable method 
to determine grazing readiness because development 
of the number of leaves is determined by the length of 
daylight resulting in a maximum year to year variance 
in grass species leaf growth stage of only 3 days with 
many common grasses having a variance of 1 day.  
Correct determination of grazing readiness by counting 
grass leaf stages requires a rudimentary understanding 
of how grasses grow.

The number of true seedlings is very low in a grassland 
and are negligible to the ecosystem.  The grass in 
a grassland is almost always comprised of tillers 
produced vegetatively from axillary buds. Each tiller 
lives for two growing seasons. During the first growing 
season, grass tillers remain vegetative and can produce 
6 to 8 leaves. During the second growing season, grass 
lead tillers produce a second set of 6 to 8 leaves plus 
development of flowers and seeds. At the end of each 
growing season, all tillers deactivate the chlorophyll 
and turn a tan color. Lead tillers that had produced 
flowers are terminal. Vegetative tillers that had 
produced only leaves remain alive through the winter 
by burning carbohydrates that were stored during the 
winter hardening period that occurs from mid August 
to around mid October. As a result of winter respiration 
by the carryover tillers, these carbohydrate reserves 
are nearly depleted and not adequate to support both 
root and new leaf growth the following growing season 
(Manske 2011). 

Chlorophyll is reactivated during early spring in parts 
of old previous years leaves where the cells did not 
rupture.  Usually, each carryover tiller has 2 or 3 
previous years leaves that are half tan with ruptured 
cells and half green with complete intact cells.  These 
green chlorophyll portions photosynthesize the 
material that will be used to produce the new current 
years leaves.  New leaves of these second year lead 
tillers grow straight up from the apical meristem, 
located at the tiller base, through the old leaf sheaths 
until it reaches full size, then it tips to one side of the 
tiller. The next new leaf will tip to the other side of the 
tiller when it reaches full size and so on.  When lead 
tillers are between the third new leaf stage and the 
three and a half new leaf stage, the apical meristem 
ceases production of leaf primordia and begins to 

produce flower primordia (Frank 1996, Frank et al, 
1997). After three new full size leaves and a fourth 
new leaf, about half size and still growing straight up, 
have been produced, that lead tiller has sufficient leaf 
area to provide all of the photosynthetic assimilates 
required for additional new growth. The previously 
formed leaf buds will continue to grow and produce new 
full size leaves and later that growing season sexual 
reproductive floral structures will develop. The old 
carryover leaves are no longer required after the three 
and a half new leaf stage (Manske 2011).  

These old carryover leaves will completely dry in a 
short time with portions of the leaves usually remaining 
attached towards the bottom of the lead tiller.  Although 
the carryover leaves had activated chlorophyll and 
had photosynthesized assimilates during the current 
growing season, these leaves were produced during 
the previous growing season and should never be 
included in the count of new current years leaves. 
Including previous years leaves when counting the leaf 
growth stages of lead tillers causes a major problem by 
attributing that these tillers have reached the three and 
a half leaf stage at an earlier date than the biological 
date that they actually do reach grazing readiness, 
as would have been indicated by counting only the 
current years leaves to determine the three and a 
half new leaf stage.  Starting grazing at an earlier leaf 
growth stage other than that at which the grass tillers 
are physiologically ready for grazing will undoubtedly 
cause noticeable degradation to that grassland and will 
subvert the intended purpose for using this technique.

Grass phenological stages of growth and development 
are triggered primarily by day length (Roberts 1939, 
Dahl 1995). In the northern hemisphere daylight hours 
increase during the growing season between mid April 
and 21 June and then decrease at the same rate of 
change each year.  The leaf length and weight can be 
slightly modified by temperature and precipitation and 
will be variable from year to year (McMillan 1957, Dahl 
and Hyder 1977). The critical three and a half new leaf 
stage is not developed by all grass species at the same 
time or length of daylight. However, this leaf growth 
stage does occur during three seasonality time periods 
for similar grass types. The domesticated cool season 
grasses (crested wheatgrass and smooth bromegrass) 
are the first grass type to develop three and a half new 
leaves slightly before or near 1 May. The recommended 
grazing start date for domesticated cool season grass 
complementary spring pastures is 1 May (Manske 
2017c, d). The native cool season grasses develop three 
and a half new leaves just before, on, or near 1 June.  The 
native warm season grasses develop three and a half 
new leaves during mid June. The recommended grazing 
start date for native rangeland is 1 June (Manske 
2018b). The wildryes (Altai and Russian) develop three 
and a half new leaves during early June. Wildryes are 

very different than other grasses biologically, they act 
as if they were types of perennial winter cereal with 
stimulation of the growth mechanisms during the fall, 
and they are negatively affected by traditional grass 
management practices.  The recommended grazing start 
date for wildryes is mid October (Manske 2017a, b).

Crested wheatgrass starts early leaf greenup of 
vegetative carryover tillers in mid April. The crested 
wheatgrass lead tillers have three and a half new leaves 
around 22 April which is four to five weeks earlier 
than native cool season grasses. These early new 
leaves are highly nutritious with 16.3% crude protein, 
however, the available herbage weight is insufficient 
during April. Grazing can start 1 May. The nutritional 
quality of ungrazed lead tillers of crested wheatgrass 
changes with the tillers= phenological development. 
Early season growth stages are high in crude protein 
and water. Early vegetative leaf stages contain levels of 
crude protein above 15% during early to mid May.  Early 
boot stage occurs in mid May. As seed stalks begin to 
develop, crude protein levels decrease. The first stalks 
with flowers occurs around 28 May. At the flower stage, 
lead tillers contain 13.5% crude protein. Most of the 
lead tillers reach the flower stage during a 10 to 14 day 
period.  The late flowering lead tillers should flower 
by 10 June. During the flower stage period, crested 
wheatgrass herbage has the greatest weight of crude 
protein per acre available. After the flower stage, seed 
development occurs with crude protein levels remaining 
above 9.6% until late June. Native rangeland grasses 
contain greater crude protein levels at 15.5% to 12.0% 
during June.  Crested wheatgrass seeds fill and reach 
maturity during the 5 to 8 weeks following flowering. 
As lead tillers mature, the fiber content increases and 
percent crude protein, water, and digestibility (TDN) 
decrease.  By early July, crude protein levels drop below 
7.8% and below 6.2% in early August. Phosphorus levels 
drop below 0.18% in late July (Whitman et al. 1951, 
Manske 1999b, 2017c, 2018f). The optimum period to 
graze domesticated crested wheatgrass complementary 
spring pastures is during the month of May.

Smooth bromegrass starts early leaf greenup 
of vegetative carryover tillers in mid April.  Leaf 
development occurs slowly.  The smooth bromegrass 
lead tillers have three and a half new leaves around 
early May, which is four or so weeks earlier than native 
cool season grasses.  These early new leaves are highly 
nutritious with 17.6% crude protein.  Grazing can 
start 1 May.  The nutritional quality of ungrazed lead 
tillers of smooth bromegrass changes with the tillers= 
phenological development.  Early season growth stages 
are high in crude protein above 18% during early to 
mid May.  Smooth bromegrass is sensitive to early 
season heavy grazing.  Early boot stage starts to occur 
in mid May developing slowly while crude protein levels 
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decrease.  Flower stalk emergence occurs in early June 
and first flowers appear around 13 June.  At the flower 
stage, lead tillers contain 14.4% crude protein.  Most 
of the lead tillers reach the flower stage by late June.  
During the flower stage period, smooth bromegrass 
herbage has the greatest weight of crude protein per 
acre available.  After the flower stage, seed development 
occurs with crude protein levels remaining above 9.8% 
until late June.  Native rangeland grasses contain 
greater crude protein levels at 15.5% to 12.0% during 
June.  Smooth bromegrass seeds fill and reach maturity 
during the first week of July.  As lead tillers mature, 
the fiber content increases and percent crude protein, 
water, and digestibility (TDN) decrease.  By early July, 
crude protein level drops below 9.5% and below 8.0% 
in early August.  Phosphorus levels drop below 0.18% 
during early July (Whitman et al. 1951, Manske 1999b, 
2017d).  The optimum period to graze domesticated 
smooth bromegrass complementary spring pastures is 
during the month of May.

Native cool season grasses start early leaf greenup of 
vegetative carryover tillers in mid April and grow slowly 
until early May, reaching 59% of the leaf growth in 
height by mid May with crude protein levels above 16%.  
Most cool season grasses reach the three and a half new 
leaf stage around early June at 73% of the leaf growth in 
height, contain levels of crude protein above 15% during 
early to mid June, reach 94% of the leaf growth in 
height by late June, and 100% of the leaf growth height 
by late July.  Cool season grasses start the flower stage 
period before 21 June.  After the flower stage, crude 
protein levels begin to decrease below 15%.  During the 
seed development stage, flower stalks reach 94% of the 
growth in height by late June and crude protein levels 
remain above 9.6% until mid July.  The growth in height 
reaches 100% by late July when seeds are maturing 
and being shed.  As the lead tillers mature, the fiber 
content increases and percent crude protein, water, 
and digestibility (TDN) decrease.  During late July, 
crude protein levels drop below 8.0% and below 6.5% 
in late August (Whitman et al. 1951, Goetz 1963, Manske 
2000, 2008b, 2018c, f).  Partial defoliation managed 
by the twice-over rotation system activates secondary 
vegetative tillers.  Crude protein levels of cool season 
secondary tillers increase above 9.6% during July 
and August to 13.2% in early September, decrease 
during September, and drop below 9.6% in early to mid 
October (Sedivec 1999, Manske 2008b).  Phosphorus 
levels of lead tillers drop below 0.18% in late July, when 
plants reach the mature seed stage (Whitman et al. 
1951, Manske 2008a).

Native warm season grasses start early leaf greenup 
of vegetative carryover tillers in mid May, have crude 
protein levels above 15%, reach 44% of the leaf growth 
in height by early June, containing crude protein above 

13% during early to mid June.  Most warm season 
grasses reach the three and a half new leaf stage around 
mid June, reaching 85% of the leaf growth in height by 
late June and reach 100% of height by late July.  Seed 
stalks begin to develop in mid June and reach the flower 
stage after 21 June with 12.2% crude protein.  During 
the seed development stage, crude protein levels 
remain above 9.6% until late July when the flower stalks 
reach 91% of the growth in height.  As the lead tillers 
mature, the fiber content increases and percent crude 
protein, water, and digestibility (TDN) decrease.  During 
mid August, crude protein levels drop below 7.0%, 
seed stalks reach 100% of the growth in height by late 
August when the seeds are mature and being shed, and 
drop below 6.0% in crude protein by early September 
(Whitman et al. 1951, Goetz 1963, Manske 2000, 2008b, 
2018c, f).  Partial defoliation managed by the twice-over 
rotation system activates secondary vegetative tillers.  
Crude protein levels of warm season secondary tillers 
increase above 9.0% during August to 10.0% in early 
September, decreases during September, and drop 
below 9.6% in late September (Sedivec 1999, Manske 
2008b).  Phosphorus levels of lead tillers drop below 
0.18% in late August, when plants reach the mature 
seed stage (Whitman et al. 1951, Manske 2008a).

Crude protein levels of upland sedges do not follow 
the same relationship with phenological growth stages 
as in cool and warm season grasses.  Crude protein 
levels in upland sedges remain high through the flower 
and seed mature stages.  Upland sedges grow very 
early and produce seed heads in late April to early 
May and crude protein remains above 9.6% until mid 
July.  Crude protein levels decrease with increases in 
senescence and drop below 7.8% in early August but 
do not fall below 6.2% for the remainder of the growing 
season (Whitman et al. 1951, Manske 2008b, 2018f).  
Phosphorus levels drop below 0.18% in mid May when 
plants reach the mature seed stage (Whitman et al. 
1951, Manske 2008a).

Wildryes, Altai and Russian, start early leaf greenup 
of vegetative carryover tillers in mid April.  Leaf 
development occurs slowly.  The lead tillers of wildryes 
develop three and a half new leaves during early 
June.  Flower stalks develop during mid May to mid 
June, before the 21st, and are stiff, mostly leafless, 
and unpalatable to livestock.  The leaves of lead tillers 
contain crude protein at levels above 12% during most 
of the growing season.  However, lightly grazing wildryes 
prior to the flower stage does not activate vegetative 
tillers as in other grasses.  Early season grazing actually 
decreases tiller basal cover.  Fall grazing during mid 
October to mid November that removes less than 
50% of the standing leaf biomass greatly increases 
vegetative secondary tiller and fall tiller development 
during the following summer and early fall.  Removal of 

greater than 50% of the herbage biomass during the fall 
grazing periods greatly reduces active lead tiller growth 
followed by critical reductions in herbage biomass and 
nutritional quality during subsequent growing seasons 
eventually causing termination of a major portion of the 
living crown tillers that results in stand depletion within 
20 to 25 years.  
 
Leaving 50% of the herbage biomass in mid November 
is absolutely necessary for proper development of the 
vegetative and fall tillers during the following season.  
The basal leaves and flower stalks of the current lead 
tillers compose most of the standing herbage biomass 
during June.  After the flower stage, the crude protein 
content of the basal leaves starts to decrease slowly.  
The vegetative tillers, that had been activated by the 
previous fall grazing period, begin visible growth shortly 
after the lead tiller stalks reach the flower stage.  The 
herbage biomass during July and August consist of 
both the slowly aging lead tiller leaves and the rapidly 
growing vegetative tillers.  The fall tillers develop after 
mid August producing substantial herbage biomass 
during September and October.  By mid October, the 
fall tillers contain around 10% to 12% crude protein, 
the vegetative tillers contain around 8% to 10% 
crude protein, and the lead tillers contain around 
6% to 8% crude protein.  The ratio of the three tiller 
types affects the mean available crude protein level.  
Ungrazed wildrye plants produce very low quantities 
of vegetative and fall tillers showing low quantities of 
crude protein during fall.  Annually grazed wildryes are 
the only perennial grass type that can provide adequate 
nutritional quality after mid October to meet a lactating 
cows requirements during a fall grazing period from 
mid October to mid November that leaves 50% of 
the herbage biomass at the end of the grazing period 
(Manske 2017a, b; 2018e, f).

The four primary physiological grass growth 
mechanisms are: compensatory physiological 
mechanisms, vegetative reproduction by tillering, 
nutrient resource uptake competitiveness, and water 
use efficiency (Manske 2018a, c).

The compensatory physiological mechanisms give 
grass plants the capability to replace lost leaf and 
shoot biomass following grazing by increasing 
meristematic tissue activity, increasing photosynthetic 
capacity, and increasing allocation of carbon and 
nitrogen (McNaughton 1979, 1983; Briske 1991).  Fully 
activated mechanisms can produce replacement 
foliage at 140% of the weight that was removed during 
grazing (Manske 2009).

Vegetative secondary tillers are shoots that develop 
on lead tillers from growth of axillary buds and the 
subsequent development of vegetative tillers is 

regulated by auxin, a growth-inhibiting hormone 
produced in the apical meristem and young leaves.  
Partial defoliation of young leaf material at vegetative 
growth stages temporarily reduces the quantity of 
auxin which then allows cytokinin, a growth hormone, 
to stimulate the meristematic tissue of multiple 
axillary buds to develop into vegetative secondary 
tillers (Mueller and Richards 1986, Richards et al. 
1988, Murphy and Briske 1992, Briske and Richards 
1994, 1995). 

Nutrient resource uptake competitiveness determines 
the level of grass plant dominance within a grassland 
community.  Removal of aboveground leaf material 
from grass plants affects root functions.  Removal 
of 50% or more leaf material greatly reduces root 
growth, root respiration, and root nutrient and water 
absorption resulting in severe degradation of the 
functionality of grass plants (Crider 1955).  Reduction 
of active root biomass causes diminishment of grass 
plant health and vigor (Whitman 1974) that result in a 
loss of resource uptake efficiency and a suppression of 
the competitiveness of grass plants to take up mineral 
nitrogen, essential elements, and soil water.  Reduction 
of grass plant nutrient uptake competitiveness allows 
successful establishment of undesirable grasses, weedy 
forbs, and shrub seedlings and rhizomes into grassland 
communities (Li and Wilson 1998, Kochy 1999, Kochy 
and Wilson 2000, Peltzer and Kochy 2001).

Water use efficiency in grass plants is not at a single 
constant rate.  Precipitation (water) use efficiency of 
grass plants improves when soil mineral nitrogen is 
available at threshold quantities of 100 lbs/ac (112 kg/
ha) and greater.  The inhibitory deficiencies of mineral 
nitrogen on grasslands that have less than 100 lbs/ac 
of available soil mineral nitrogen cause the weight of 
herbage production per inch of precipitation received 
to be reduced an average of 49.6% below the weight 
of herbage produced per inch of precipitation on the 
grassland ecosystems that have greater than 100 lbs/ac 
of mineral nitrogen (Wight and Black 1972, 1979).

The vegetative reproduction by tillering and the 
compensatory physiological mechanisms function at 
remarkably high rates on grasslands that have greater 
than 100 lbs/ac of available mineral nitrogen and these 
mechanisms do not function or function at extremely 
low rates on grasslands that have mineral nitrogen 
deficiencies at less than 100 lbs/ac (Manske 2009, 
2014c, 2018d).

Continuous functionality at high production rates of the 
four primary physiological grass growth mechanisms 
requires partial defoliation by grazing that removes 
25% to 33% of leaf weight from 60% to 80% of the lead 
tillers between the three and a half new leaf stage and 
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the flower stage annually with mineral nitrogen available 
at 100 lbs/ac or greater (Manske 1999a, 2014c, 2018a).  
This requirement is applicable to all perennial grasses 
except the wildryes.  For the wildryes, the vegetative 
reproduction by tillering and the compensatory 
physiological mechanisms are activated by partial 
defoliation during a mid October to mid November 
annual grazing period (Manske 2017a, 2018f).

Rhizosphere microbes with a high biomass from 214 
to 406 kg/m3 (363 to 689 lbs/yd3) can mineralize 
111.3 to 176.3 kg/ha (99.4 to 157.4 lbs/ac) of mineral 
nitrogen (Manske 2018d).  A large biomass of 
rhizosphere microorganisms can perform all of the 
grassland ecosystem biogeochemical processes that 
renew nutrient flow activities in the intact grassland 
soil.  Biogeochemical processes transform stored 
essential elements from organic forms into plant-
usable inorganic forms.  Biogeochemical processes 
also capture replacement quantities of lost or removed 
major essential elements of carbon, hydrogen, nitrogen, 
and oxygen, with assistance from active live plants, 
and transform the captured major essential elements 
into storage as organic forms for later use.  And the 
biogeochemical processes also decompose complex 
unusable organic material into compounds and then 
into reusable essential elements (Manske 2018a).

Management of grazing has traditionally been designed 
to provide forage for livestock with sensible stewardship 
for the aboveground portions of grass plants and with 
provisions for wildlife.  Grassland ecosystems are much 
more complex than the traditional concept and consist 
of three principal interactive biotic components that 
have specific biological requirements.

The indispensable biotic components of a functional 
grassland ecosystem are grass vegetation, rhizosphere 
organisms, and domesticated cattle.  Grazing 
livestock depend on grass plants for nutritious forage.  
Grass plants depend on rhizosphere organisms for 
mineralization of essential elements from the soil 
organic matter.  Rhizosphere organisms, which are 
achlorophyllous, depend on grass plants for short 
carbon chain energy that is exudated through the roots 
of lead tillers at vegetative growth stages following 
partial defoliation by grazing livestock.  Grass plants 
produce double the leaf biomass than is needed for 
photosynthesis in order to attract the vital partial 
defoliation by grazing livestock on which they depend.

NOTES
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REBUILDING AND MAINTAINING
LIFE IN THE SOIL

Rebuilding and maintaining life in the soil is directly 
linked to the longevity and reliability of our future 
agriculture. Landscape simplification has been ongoing 
for generations fueled by loss of perennials and animal 
impact, combined with soil disturbance, residue 
removal, and monoculture crop production without 
cover crops. Symptoms of landscape simplification are 
evident and include reduced soil organic matter and 
infiltration, wind erosion, water erosion, salinity, water 
quality impacts, and high fossil fuel inputs. 

The rebuilding process begins with the understanding of 
the carbon cycle and how it relates to cropping systems, 
grazing systems, orchards, gardens, etc. How does 
carbon enter the soil and how does it leave?  What is the 
process for carbon in the surface residue and the root 
mass?  What role can livestock and biology play?

Soil regeneration requires the constant building and 
rebuilding of soil aggregates, a foundation building 
block of soil function.  As carbon levels increase, the 
soil food web increases, and now has the ability to build 
more soil aggregates and move carbon into the soil 
organic matter. 

Conservation Agriculture key points:

• The cropping and grazing systems we are 
using today are not the systems which 
originally built our soils.

• The 5 Soil Health Principles are intended 
to be implemented in a systems approach. 
The carbon cycle is the foundation of the 
Soil Health Principles. 

• Increasing our understanding of biological 
function is imperative. 

• Cover crops are the bridge between 
cropping systems and grazing systems.  
Planting Green offers the opportunity to 
address numerous resource concerns 
simultaneously. 

• New sunshine carbon vs old sunshine 
carbon; do we have more carbon coming 
into our soils than leaving our soils?

• Plants, animals, and soils evolved together 
over geological time.

JAY FUHRER  
UNABLE TO ATTEND BUT SUBMITTED AN ARTICLE FOR THESE PROCEEDINGS
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