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• impacts?
(consistent, statistically
significant)

• biostimulant science
• place in toolbox

Today’s Topics



‘‘plant biostimulant’’ means a substance 
or micro-organism that, when applied to 
seeds, plants, or the rhizosphere, 
stimulates natural processes to 
enhance or benefit nutrient uptake, 
nutrient efficiency, tolerance to abiotic 
stress, or crop quality and yield.

Current U.S. House Farm Bill Language (in markup)*… 

*courtesy of David Beaudreau, The Biostimulant Coalition



courtesy of the Biostimulant Coalition 



• Biological Products
Industry Alliance
https://www.bpia.org/

• Biostimulant Coalition
http://www.biostimulant
coalition.org/

Biostimulant Organizations



Microbe-containing Biostimulants
U.S. biofertilizer market 
revenue by product, 2012-2022 
(millions $). 

Global biofertilizer market worth 2.31 Billion USD by 2022.
Source: http://www.grandviewresearch.com/industry-analysis/biofertilizers-industry
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* Together, these products accounted for 9% by number of all inputs on
these farms (412 distinct types inputs classified into 14 categories).
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Microbial biopesticide use has increased, whereas microbial 
biostimulant use has fluctuated around 40%.

Data were collected from organic certification records of vegetable producers submitted to the Ohio Ecological 
Food and Farming Association between 2009-2014.







• https://www.acsmeetings.org/
• https://ashs.org
• http://www.apsnet.org/
• Organic Agriculture Research

Forum
• many grower-/consultant-

oriented technical programs



… “portal to research-
and experience-based 
information regarding 
microbe-containing 
biostimulants and 
biofertilizers
(MCBSFs) and their 
use in commercial 
vegetable 
production.” 

http://u.osu.edu/vegprolab/research-areas/
vegebiostimsferts/



31-Other

43-Vegetable 
Growers

29-Researchers

29-Microbial Inoculant 
Manufacturers

21-Grower Advisors

12-Extension-
Educators

2-Organic Certifiers
1-Publication Editor

Microbial 
Biostimulants/Biofertilizers
in Vegetable Production ListServ

http://u.osu.edu/vegprolab/microbial_inoculants_in_vegpro/

• to our knowledge, the first    
listserv to focus on MCBSFs

• launched in April 2016;
now with 168 members

• email forum; ask questions,   
share info on MCBSFs

updated 2-28-18



Conference Call Participants
Total # List

people 184

states
represented 27

AL, AZ, CA, CO, CT, DC, FL, 
GA, HI, IA, IL, IN, KY, MA, MI, 
NC, ND, NV, NY, OH, OR, RI, 

SD, TN, VA, WA, WI

affiliations farm, university, organization,
product manufacturing/supply

experience 
with MCBSs none to extensive



Discussions recorded, 
available for listening.

https://youtu.be/XZscnl05RyI

https://youtu.be/hwiMtasdRWk

https://youtu.be/HKS0Qvu05mA

https://youtu.be/2zKC3ppSOUg

https://youtu.be/6xu28f2eNB0

https://youtu.be/Vpf5cDPt110



Presentations
at grower and
industry
programs in
FL, IN, OH, IL, NY, NC, CA, KY, 
and Ontario coordinated by 
universities and/or grower 
associations (10/17 – 12/18).



Field Days – Summer 2017



Articles in university and industry publications 
(local-national readership/circulation)



Articles in university and industry publications 
(local-national readership/circulation)





http://www.ati-global.co.uk/event/
development-strategies-for-biostimulants



• refereed scientific
• trade

Literatures
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Biostimulants
Microbial 

Biostimulants

Bacteria

Other 
Biostimulants

Fungi

Bacteria 
and Fungi

Containing one or more 
microbes as a leading, 
if not THE primary 
active ingredient, sets 
these products apart.



• in widespread trialing,
effects have been
case-specific
(i.e., inconsistent) and yield
increases, if any, have
rarely exceeded 5% 

Microbe-containing Biostimulants
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Yield enhancement, if 
any, occurs on a case 
by case basis, probably 
influenced by soil status 
and application and 
other factors.



… prevailing narrative in the
scientific literature is that
response to inoculation
(e.g., percent growth
enhancement) is most often
greater in low-fertility
environments.
Other narratives exist. 







Example: growth of mycorrhizal fungi greatest in
soils intermediate in nutrient availability

Treseder, K.K., and Allen, M.F. (2002). Direct nitrogen and phosphorus limitation of arbuscular 
mycorrhizal fungi: a model and field test. New Phytol. 155, 507–515.



soil
status

bio-
stimulant

soil health-biostimulant
relationships are neither settled 
science nor practice.



• impacts?
(consistent, statistically significant)

• biostimulant science
• place in toolbox

Today’s Topics



• continue a two-century old
expectation that increasing the
numbers of beneficial microbes
in the crop root zone, including
with inoculants, is worthwhile.

Microbe-containing Biostimulants

- PGPR commercialization began in 1895 in U.S.
and UK with inoculating legumes with rhizobia.



enthusiasm 
over the 
potential 
benefits of 
inoculation 
or treatment
with MCCBs

research-
based 
resources
to guide
the process in 
ways resulting 
in worthwhile 
ROIs

The Problem



• currently, minimally and
inconsistently regulated
in the U.S.;
‘weak’ testing system

(Microbe-containing) Biostimulants

“Wild West” of input 
categories and industries



• no clear mechanism
to develop research-based,
third-party, user-friendly info
analogous to that for
(bio-)pesticides (e.g., IR-4) and
other (more regulated) inputs

(Microbe-containing) Biostimulants



Facts Slowing the Progress of 
Certain Types of User-Focused 
Research involving
(Microbe-containing) Biostimulants



courtesy of the Biostimulant Coalition 

diversity



Important Dates Number of 
OMRI-listed ProductsOMRI List Our Updated List

March 3, 2015 March 3, 2015 150
July 9, 2015 July 14, 2015 161
January 7, 2016 January 19, 2016 166
May 18, 2016 May 19, 2016 174
August 22, 2016 August 23, 2016 174
November 7, 2016 November 8, 2016 177
February 13, 2017 February 13, 2017 173
July 31, 2017 August 7, 2017 207
November 7, 2017 November 22, 2017 235
March 15, 2018 March 29, 2018 247
October 23, 2018 November 15, 2018 344

2.3- and
2.2-fold 
increases 
in # of 
products
and
companies, 
resp., in 
last 3 years

Abundance



• http://u.osu.edu/vegprolab/microbe-containing-products/
• 344 OMRI-listed MCBSs; first searchable and sortable online portal focused
on delivering information for growers, grower advisors, members of
industry, researchers

• 2316 pageviews representing 33 countries and 48 US states (2015-2018)



Number of distinct species (bacteria and fungi) contained in 
OMRI-listed biostimulants.

Bacteria Fungi

Rhizobia Other bacteria Mycorrhizal 
fungi Other fungi

14 61 31 19
Number of products with the microbial compositions listed.

bacteria only fungi only bacteria and 
fungi

One genus 25 44 N/A
One genus,
>1 species 8 22 N/A

Multiple genera 28 10 34
Total 55 73 34



Stages in Product Pipeline and Adoption 
and Relative Effort given to Each

1. Discover
or identify,
characterize

2. Formulate,
package,
deliver

3. Select and use
on working farms
with demonstrated
efficacy (ROI)

A MAJOR REASON



-
• Rhizobia

legumes … yes
• Mycorrhizal Fungi

Brassica … no

Strength of evidence regarding effectiveness on farms

+

host-/crop-
specificity



-
Strength of evidence regarding effectiveness on farms

+
• Azotobacter • Azospirillum
• Bacillus • Pseudomonas
• Mycorrhizal Fungi
on most crops … yes



-
Strength of evidence regarding effectiveness on farms

+
• dozens of other
microbe-crop
combinations



… difficult to quantify and assign
value and to publish, if needed

• multiple modes of action,
some incompletely
characterized,
leading to subtle, ‘finicky’
application effects





Microbe-containing Biostimulants
Work in 5 Main Ways (can be related)

1. Increase nutrient availability 
2. Plant hormones (produce, trigger)
3. Limit plant stress
4. Extend root systems
5. Suppress pathogens, induce

resistance



Success 
(i.e., growth 
promotion) 
in research 
(especially 
in ‘artificial’ 
settings).

Success
(i.e., 
greater 
profit) on 
farms.

≠



… reductionistic,
input substitution or
holistic model?

• unclear product-product
interactions



… reductionistic, input
substitution or holistic model?

• category’s credibility
problem hampers the
recruitment of committed
investigators, especially
early-career, and
sufficient funding



• Ute Albrecht, University of Florida
• Patrick Brown, University of California-Davis
• Tim Coolong, University of Georgia
• Lori Hoagland, Purdue University
• Sam Wortman, University of Nebraska-Lincoln

• David Holden, Holden Research and Consulting
• John Kempf, Advancing EcoAgriculture

Selected U.S.-based Microbial Biostimulant Investigators



Three Factors 
Influencing 
Research Topics 
and Directions

Biostimulants





http://www.wisfarmer.com/news/root-system-of-corn-
plant----especially-important-in-drought-----jcpg-294488-
171547901.html

main interest in the soil-microbe-crop continuum



basic/
fundamental applied

interests, roles/responsibilities define activities

microbial
ecology

targeted use of 
microbes in 
production



• best application procedures, including
4 R’s?

• host-specificity, if applicable?
• soil and cropping conditions?
• interactions with other inputs,
(e.g., pesticides) and practices?

• appropriate evaluation metrics?
• thresholds for acceptance (ROI)?

Applied Biostimulants Research Questions



Direction reflects 
funding, support. 
Overall, applied 
biostimulant research 
relatively difficult to 
fund.





Summary



• growers, investigators,
and grower advisors
have a mix of positive
and negative views on
these products

Microbe-containing Biostimulants



Thought process leading growers to at least 
experiment with if not use them regularly.

Microbe-containing Biostimulants

1. Some microbes are good, others are bad, and
others people aren’t sure about.

2. Companies have identified potentially helpful
microbes and packaged them in ways allowing
inoculation (“pill”, yogurt, probiotic).

3. Products are very unlikely to cause harm and
they just may help. And, most of the time,
per-acre costs are not prohibitive.

4. So, inoculation is worth it.
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• still being discovered
• defined farm-farm,
crop-crop; use
multiple approaches

Microbial-based Crop Biostimulants: 
Their Place in the Toolbox



• obvious potential and
popularity; great assets

• strengthening their position in
growers’ toolboxes will
require patience and
information

Microbe-containing Biostimulants



• fast-moving,
still-evolving
industry and
category of inputs …
wise to pay attention

Microbe-containing Biostimulants



QUESTIONS?

THANK-
YOU and

GOOD LUCK!



Dr. Matt Kleinhenz
Professor, Extension Vegetable Specialist
Dept. of Horticulture and Crop Science
The OSU-OARDC
Phone: 330-263-3810
E-mail: kleinhenz.1@osu.edu
Web:        http://u.osu.edu/vegprolab/
Facebook: www.facebook.com/osuvpslab
The Ohio State University Extension embraces human diversity and is committed to 
ensuring that all research and related educational programs are available to clientele on a 
nondiscriminatory basis without regard to race, color, religion, sex, age, national origin, 
sexual orientation, gender identity or expression, disability, or veteran status. This 
statement is in accordance with United States Civil Rights Laws and the USDA.

Use of trade names does not imply endorsement of the products named nor criticism of 
similar ones not named. 
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