
Department of Plant Sciences

Biostimulants in Agriculture: 
Tomato Field Trials

Professor Patrick Brown
Meerae Park (MSc)

Department of Plant Sciences
University of California-Davis
phbrown@ucdavis.edu



Snake Oils and Jungle Juices?



Biostimulants
($2.3 bn in 2020)

Microbial
inoculants 

and extracts

Animal based 
hydrolyzates
and digests 

Humic and 
Fulvic acids

Inorganic 
and 

synthetic 
products.

Algal/Plant 
extracts

Kloepper

…an EU fertilising product the function of 
which is to stimulate plant nutrition 
processes independently of the product’s 
nutrient content with the sole aim of 
improving Nutrient Use or Plant Stress 
tolerance…(2019 EU)



Physiological Rationale for Biostimulants

Stress Hypothesis
• Abiotic** ‘stress’ occurs in all environments and as a consequence yield 

rarely reaches full potential.
– Biostimulants enable plants to respond more effectively to stress

Microbiome Hypothesis
• Microbes in the environment have beneficial effects on crop growth 

primarily by modulating plant response to stress
– Biostimulants can favorably alter the plant microbiome

**Drought, heat, mineral deficiency or toxicity, salinity etc.

Brown and Saa, 2015 Frontiers Plant Sciences
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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

120 ton 60-85 ton 30-60 ton





Hidden stresses occur in the growth of 
all crops and this reduces yield.

Questions:
• What are these stresses and how do plants react?
• Can we identify, prevent or mitigate these stresses?
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Is it possible for a 
biostimulant to 

positively influence 
plant response to 

stress? 



Many examples of biostimulant responses. Mostly in pot trials, 
frequently highly variable response.

Povero et al FIPS 2016

• Water stress, heat stress

• Water stress, heat stress

• Water stress, heat stress



Testing Biostimulants
150 Trials and Demos



Stress varies with season and location.
Precision Ag and biostimulants clearly intersect.
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Stress Hypothesis:
• Abiotic stress limits crop productivity and select biostimulants have 

been shown to mitigate this stress

• Rarely is a single stress present, more commonly multiple stress 
occurs together (Drought and heat, salinity and water stress…)

• The pathways involved in stress perception and response are 
complex and poorly understood- results WILL be unpredictable

Questions:  If biostimulants help plants ‘protect’ themselves against 
stress, how do we predict if and when a stress will occur?

Can a single biostimulant work against multiple stresses?

If a biostimulant is applied but no stress occurs, do we lose yield?



UC DAVIS 
BIOSTIMULANT FIELD 

SCREENING TRIAL
2018 (10 acre)  and 2019 (5 acre)
Each plot 3 rows x 100 foot (8 replicates each)

Treatments:
• 12 Biostimulants applied at commercial timings and rates
• Full irrigation then: 30%ETa and 70% ETa after day 66

Measurements: 
• Every environmental and plant data-point you can imagine!
• Yield, Brix

(70% Eta plots yielded 79 and 70 ton)



Weather StationTule Tower

Flow Meters

Environmental Monitoring



Monitoring
Plant





C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

C
on

tro
l -

10
0%

 E
T

Days After Transplant: 1 - 66



Drought stress started at full canopy for consistent canopy 
development between irrigation treatments

Image Credits: Ryan Etter
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FC

MAD

PWP

FC

MAD

PWP

Soil Volumetric Water Content
Irrigation Reduction at Day 66 clearly depleted soil water by 12 days after stress 

treatment  

30% of ETa70% of ETa

2 days after stress 43 days after stress



STOMATAL CONDUCTANCE:

*



PHOTOSYNTHESIS:

-



NDVI BY DRONE: (canopy cover /canopy ‘health’)

. *.-



Water Stress and High Late Season Canopy Temperature Compromise Yield
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Effect of Biostimulants on Canopy Temperature and Yield
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Effect of Biostimulants on Brix Yield



No Effect of Biostimulants on Yield @ 70% ETa
(day 66 onwards)

No Bio

Bio 1
Bio 2

No Bio

Bio 1
Bio 2No Bio

Bio 1
Bio 2



Summary

• Abiotic stress limits crop productivity and select biostimulants have 
been shown to mitigate this stress

• In the absence of a stress, no benefit was seen.

• The physiological explanation for the effect is still under 
investigation.

• There is some evidence for a negative effect of biostimulant use 
when no stress occurs

• Very few biostimulants have been tested rigorously, but the best 
show promise.
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