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A biostimulant is a substance or microorganism that 
when applied to plants or the soil, stimulates existing 
biological & chemical processes in the plant and/or 
associated microbes (e.g., mycorrhizal fungi) to enhance 
the plant’s growth, yield and/or quality through 
improving nutrient uptake, nutrient use efficiency and/or 
tolerance to abiotic stress (e.g., heat, saline soils).

It’s not applied at a rate that would be considered a 
nutrient



Biostimulants are not regulated for efficacy, 
the way a pesticide is.  

Nor for their guaranteed content, 
the way a fertilizer is.

There is no substitute for proper irrigation, 
disease management, and nutrients.

Good Horticulture in a timely manner



A few facts

 Trees contract and die from incurable diseases

 Trees can be infested with hard to treat 
insects

 Trees will not tolerate conditions they are not 
adapted to tolerate

 There are many abiotic conditions that limit 
growth or kill plants



It’s a jungle out there!!!!!





System Constraints
Temperature
Light

Water
Air

Nutrients
Stresses
Too much light, heat, water, salt, wind, etc.

Avoid by watering, fertilizing, pruning, leaching
being a good farmer
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What is the most limiting factor in 

avocado production?

1.Lack of water

2.Root Rot

3.Labor

4.Salinity management

5.Overgrown orchards

6.All of the above



Biostimulants

($2.2 bn in 2018)

Microbial
inoculants 

and extracts

Animal 
based 

hydrolyzates
and digests 
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and 

synthetic 
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Algal/Plant 
extracts

Kloepper



Ectomycorrhizal fungi



Amino acids – protein digests



Jerzy Weber, Agricultural University of Wroclaw, Poland



An acre-furrow slice (an acre, 6 inches deep) weighs 2 million pounds.
1% Organic Matter is 20,000 pounds.
2% OM is 40,000 pounds

Much of this is a resistant material – humus.
Humic acid is the result of an artificial extraction process
using alkaline/acid reactions.

Most of the products are not acid, but alkaline, pH 8-11

Soils are buffered and resist change – temperature,
salinity, pH, organic matter, etc.



Inorganic and Synthetic Products

Selenium

SiliconCobalt

Phosphorous acid
Jasmonic acid

Salicylic acid



Seaweed
Enzymatic extraction

Ascophyllum
Loaded with hormones
Highly variable



Some  products are promoted as biocontrol and biostimulants
For example: Trichoderma fungus



How much does an acre-furrow 

slice weigh?

1.20,000 pounds

2.200,000 pounds

3.2 million pounds

4.2 billion pounds



Soils are buffered, meaning:

1.They resist change

2.The have a high bicarbonate 

content

3.They are soft to the touch when 

they are fertile

4.They are shiny when they are wet



Yield Gap Analysis
Assumes that 

>80% Yp is 
impossible or 
unprofitable

Yp = Maximum theoretical 
yield (ideal sunlight, temp, 
nutrient, CO2)
Yw =Maximum theoretical 
yield with water limitation



Examples of biostimulant responses and relationship to yield 
increase potential

Povero et al FIPS 2016

• Water stress, heat stress

• Water stress, heat stress

• Water stress, heat stress



Are the Biostimulants acting directly on the plant to relieve stress
or improve nutrient use?

Or acting on the microbiome, the surrounding bacteria and fungi
that interact with the plant?



The Microbiome of the Plant is One of the Most Diverse 
Biological Environments on Earth



Yield Potential
Genetics

Environment 
Management

Phenology

Biostimulants
Discovery

Mode of Action 
Verification

Plant Stress
Perception
Signaling
Priming

Response



Trends in Plant Science 2018 23, 25-41DOI: 

(10.1016/j.tplants.2017.09.003) 

Flavonoids are exuded and sensed by rhizobia 
that in turn produce NOD factors that initiate 
nodule formation.

Strigolactones are exuded and sensed by 
mycorrhiza that in turn produce MYC factors that 
initiate mycorrhizal symbiosis 

Malic acid exudation in Pseudomonas-infected 
Arabidopsis thaliana, which attracts Bacillus 
subtilis [80]. B. subtilis forms biofilms on roots 
and contributes to heavy metal homeostasis.

(D) Protons are exuded altering rhizosphere pH, 
MATE transporters exude citrate which can be 
metabolized by microbes. Function is unknown. (E) 
Microbes exude compounds that are utilized by 
other microbes and sensed by plants. 

Border cells produce mucilage, exude proteins, 
extracellular DNA, as well as metabolites, all of 
which impact the microbial community . 
Currently, the function of these compounds is 
not known. 

Nitrogen fixation

Mycorrhiza

Acid soil tolerance

??

??



Bacillus subtilis and Pseudomonas putida are considered beneficial bacteria.
Have been associated in reducing disease in plants.

In a root rot orchard, over a period of 3 years applied:

+/- mulch
+/- Bacillus, once a month
+/- Pseudomonas, once a month

Result: wherever there was mulch, the bacteria were present
Where there was no mulch, there were very few introduced bacteria present.

Conclusion: create the right conditions and the will come
This is true of mycorrhizal fungi, too



Can Natural Defense Mechanisms be turned 
on with salicylic acid (Elicitor) – phytophthora/colletotrichum

1)Foliar spray – 2 or 8 times
2)Foliar/fruit spray – 2 or 8 times (fruit rots)

After harvest there was no tree rating difference
in sprayed trees



How does kelp or GA3 sprayed in the fall affect 
avocado frost tolerance?

Materials sprayed at bud break and 50% bloom
Trees evaluated for vegetative flush

and yield.











This trial was repeated three times in Santa Paula
with different brands of kelp

There were no differences in vegetative growth 
or in yield



PGPR bacteria can promote plant growth via volatile compounds.
(pioneering work of Ryu et al., 2003, PNAS 100: 4927)

B. amyloliquefaciens IN937a

B. subtilis GB03

DH5
bacterial 
control

Plant Growth
Promoting Rhizobia



Physiological Rationale for Biostimulants and 
Implications for Management

Hypothesis - Biostimulants enable plants to respond more effectively to stress 
through increased plant vigor, priming or by preventing unproductive stress 
responses. This effect may be direct or microbially mediated.

Considerations: 

• How do we predict the occurrence of a stress even

• What process is the biostimulant targeting

• Is there a ‘yield penalty’ to biostimulant use if no stress event occurs

• What is the relationship between cultivar, cropping system, the existing plant and 
soil microbiome and biostimulant efficacy

• How persistent is the biostimulant and how does that affect application timing

• How should biostimulant research and discovery be conducted?



Leaf N Analysis Standards: ‘Fuerte’ Avocado

Embleton, T, Jones, W, Gaber, M (1960) Fertilization of the Avocado: Leaf Analysis as a Guide to 

Nitrogen.  California Agriculture 14(1), 12. 



Classic PGR Response Curve



Is it possible to apply too much of a 

biostimulant?

Circle the correct answer: True     False



Plant Stress is Highly Dynamic (Daily, irrigation/rainfall etc.)

C/o Thomas Buckley, U C Davis

Evapotranspiration

Sap Flow/Stem water 
potential

Soil Moisture



Stress varies with season and location.
How do biostimulants intersect?
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Testing Biostimulants
150 Trials and Demos

Brown, personal communication 



•Published: 08 May 2014

Agricultural uses of plant biostimulants

•Pamela Calvo, 
•Louise Nelson & 
•Joseph W. Kloepper
Plant and Soil volume 383, pages3–41(2014)Cite this article
Abstract
Background
Plant biostimulants are diverse substances and microorganisms used to enhance plant growth. The global 
market for biostimulants is projected to increase 12 % per year and reach over $2,200 million by 2018. Despite 
the growing use of biostimulants in agriculture, many in the scientific community consider biostimulants to be 
lacking peer-reviewed scientific evaluation

https://link.springer.com/article/10.1007/s11104-014-2131-8

https://link.springer.com/article/10.1007/s11104-014-2131-8#article-info
https://link.springer.com/journal/11104
https://link.springer.com/article/10.1007/s11104-014-2131-8#citeas


https://bdspublishing.com/news/blogs/the-rise-of-bitimulants/

https://bdspublishing.com/news/blogs/the-rise-of-bitimulants/


In order to improve avocado yields, 

we should spray kelp

1.Pre-bloom

2.At 2%% bloom

3.At 50% bloom

4.At 100% bloom

5. I don’t know.



• Research on stress biology and the microbiome suggest the yields 
are often constrained by subtle environmental stress.

• Biostimulants have a significant potential to increase yields by 
mitigating the negative effects of these stress events.

• Modern agriculture has ignored and compromised the plant 
microbiome and soil ‘health’.  How do they fit into sustainable 
agriculture

• Know your crops and understand the production weaknesses
• What are the critical phenology and stress events that limit your 

productivity

• What is the ‘function’ of the biostimulant

• What are the environmental and phenological drivers 

• Test biostimulants under field conditions using careful 
experiments, good statistics and detailed environmental 
monitoring.

Best Practices to Effectively 
Utilize Biostimulants



Thank You
Patrick for help with this discussion

Professor Patrick Brown

Department of Plant Sciences

University of California-Davis

phbrown@ucdavis.edu



Event Name Date
UC Ag Experts Talk: Use of Plant 
Growth Regulators on Citrus

8/19/2020

UC Ag Experts Talk: What's in your 
Orchard: Protecting California from 
Invasive Species

9/9/202

DPR and CCA continuing education 
credits when appropriate

What Are the UC Ag Experts Talking About?

https://ucanr.edu/sites/ucexpertstalk/

https://ucanr.edu/sites/ucexpertstalk/?calitem=488334&g=103975
https://ucanr.edu/sites/ucexpertstalk/?calitem=488940&g=103975
https://ucanr.edu/sites/ucexpertstalk/


Past Topics (http://bit.ly/UCAgExpertsPlaylist)

Avocado

• Avocado thrips

• Avocado 
cankers

• Laurel wilt 
disease

• Avocado root 
rot

• Gibberellic acid 
use

• Invasive Shot 
Hole Borers 

Citrus

• Pesticide resistance

• Asian citrus psyllid

• California red scale

• Citrus spray 
application

• Citrus dry root rot

• Weed management

• Plant-parasitic 
nematodes

• Fuller rose beetle

• Citrus thrips

• Citricola scale

Other

• Pesticide Label 
reading for safe 
applications

• Slugs and snails

• Management of 
glyphosate-resistant 
weeds

• Respirators

http://bit.ly/UCAgExpertsPlaylist

