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Main Points to Be Addressed 

•  Background on bioactivators/biostimulants 
• Microbial Ecology 101 
•  Applications 
•  Currently available bioactivators 



Long history of bioactivator use 

• Rhizobia with leguminous crops 
–  Fixes nitrogen for plant use (N2èNH3) 
–  Association recognized in late 1800 
–  Use in Midwest farming since early 1900 

• Mycorrhizal fungi 
–  Uptake of some nutrients 
–  Improve drought resistance 
–  Improve soil quality 

(Sylvia et al. 2005) 

http://pulse.ab.ca/news/article/
nitrogen-fixation-in-your-pulse-crop 

(Stained with trypan blue 40X magnification) 
Sorghum bicolor genotype Shan Qui Red 



Common Terms 

•  Bio-activators 
•  Bio-stimulants (phyto-stimulator) 
•  Biologics 
•  Bio-inoculants 
•  Bio-formulations 
•  Bio-additives 
•  Bio-fertilizers 



Biostimulants 

"Plant biostimulants contain substance(s) 
and/or micro-organisms whose function 
when applied to plants or the 
rhizosphere is to stimulate natural 
processes to enhance/benefit nutrient 
uptake, nutrient efficiency, tolerance to 
abiotic stress, and crop quality.” 

 
European Biostimulants Industry Council 
http://www.biostimulants.eu/  



Reasons for biostimulant use 

•  Increase available nutrients 
•  Improve crop growth and yield 
•  Improve crop quality 
•  Pathogen/disease suppression 
•  Provide non-traditional plant nutrients 
•  Improve soil quality/health 
•  Increase beneficial microbes 



Posmyk and Szafranska. 
2016. Front Plant Sci. 7:748 



Desired biostimulator traits 
1.  Non-toxic, safe for animals and environment 
2.  Easily and actively taken up by plants from 

environment 
3.  Of natural origin or easily synthesized in laboratories 
4.  Not expensive 
5.  Dissolves in different solvents: water, alcohols but 

also lipids – that facilitates the use of various 
application methods 

6.  Easily penetrates cell compartments 
7.  Improve plant resistance to adverse conditions and 

help generate tolerance to stresses 

Posmyk and Szafranska. 2016. Front Plant Sci. 7:748 



Includes substances or microbes  
Most commonly used  
•  Beneficial bacteria 
•  Beneficial fungi 
•  Humic acids and fulvic acid,  
•  Seaweed extract  
•  Protein hydrolates (amino acids, peptides) 

•  Chitosan and other biopolymers 
•  Inorganic compounds (beneficial to only 

some plants, e.g., silica) 
Du Jardin 2015 Scientia Horticulturae 196:3-14 



Before going further: Ecology 

• What is already present in soil? 
• What role do they play? 
•  Factors that need to be considered. 



Ecosystems are Comprised of: 

Individuals 

Populations Communities  



Number of Microbes in soil 

selective-loss mechanism is that large ob-
served differences in total bacterial abun-
dance have to be explained by protozoan
predation being severely restricted in soils
and sediments. Conversely, the proposed
similarity of taxon size in aquatic and soil/
sediment environments suggests that rates of
viral lysis are similar in both. It is tempting to
speculate that the spatially complex matrix of
soils and sediments represents more of an
obstacle to the movement of protozoa than to
the diffusion of small viruses. Indeed, viruses
are abundant in sediment pore water (16).

In a biogeochemical context, a bottom-up
perspective leads to the argument that high
microbial diversity is needed for processing
all the different types of substrate molecules
(resources) produced in the system. A top-
down model indicates a fundamentally differ-
ent concept for coupling diversity and bio-
geochemical cycles. In such a model, the
activities of lytic viruses compensate for the
high growth rate of some bacterial species
(host groups). If viral lysis is the mechanism
that controls diversity, in the sense of allow-
ing competing bacterial species to coexist,
then it is bacterial diversity, in the sense of
differences in growth rate between coexisting
bacteria, that determines the abundance of
viruses present (3) and thus governs the re-
flux of particulate organic matter by viral
lysis into dissolved organic matter.

Hence, the control of diversity in such
models becomes a hierarchical system where
the total amount of the limiting resource de-
termines the total amount of biomass that can
be produced. Size-selective grazing deter-
mines how the biomass is distributed into
functional groups (communities), and the
host specificity of viruses determines how the
functional groups are divided into species.

Evolutionary perspective. The ecological
factors and the intrinsic evolutionary mecha-
nisms working at molecular and population lev-
els interact to control prokaryote diversity. One
reason for the high genomic diversity observed
in prokaryotic communities in soil and sedi-
ments is the large populations of organisms and
the capacity to accumulate large numbers of
mutations. Thus, unlike most eukaryotic popu-
lations, every prokaryotic population represents
a mixture of genetically diverging clonal cell
lines on which natural selection acts. Molecular
mechanisms, like lateral DNA transfer and re-
combination, are also facilitated by high popu-
lation densities of prokaryotes, and may influ-
ence genetic diversity. If lateral transfer occurs
within a group of closely related bacteria, it will
ensure genetic coherence and slow diversifica-
tion. By contrast, gene transfer and recombina-
tion across species and genus barriers could
promote environmental adaptation and the evo-
lution of new traits (e.g., the transfer of antibi-
otic resistance among different species of bac-
terial pathogens), thereby increasing diversity.

Because high rates of speciation are observed in
prokaryotes, one reason for extreme prokaryote
diversity might simply be that the speciation
rate is faster than the extinction rate (17).

Spatial heterogeneity. The structural com-
plexity of soil and sediments is important for
population-level diversification because it al-
lows resources to be partitioned and creates
new niches, thereby enhancing prokaryote
specialization and division into distinct eco-
logical species. The potential for spatial iso-
lation provided by the soil matrix provides a
mechanism for controlling diversity in soil
that differs markedly from the “top-down”
control of diversity that is more likely to
operate in aqueous environments. Soils and
sediments are chemically complex too, and
steep gradients of substrate concentrations,
redox potential, and pH also contribute to the
formation of large numbers of microhabitats.

Temporal heterogeneity. Most terrestrial
communities intermittently suffer disturbances,
such as starvation, desiccation, freezing/thaw-
ing, or human activity. Altered environmental
conditions and resource availability create op-
portunities for new species to become estab-
lished, and disturbances will ensure that com-
munities include a mixture of different stages of
succession (18). However, strong and frequent
disturbances will cause the disintegration of the
microhabitats and disruption of the boundaries
between populations, allowing local resources
to become available to a larger proportion of the
entire microbial biomass. Consequently, micro-
organisms with a potentially high growth rate
(r-strategists) will become numerically domi-
nant and reduce the evenness of the species
distribution. A competitive diversity pattern like
this is seen in an arable soil (19) (Table 1) where
major and frequent disturbances decrease diver-
sity compared with soils from a nearby pasture.

Other environmental factors, such as eu-
trophication, may also lead to bell-shaped
responses in diversity where at low eu-
trophication levels, an increase in nutrients
allows an increase in the complexity of the
food web, whereas at high levels of eu-

trophication, more nutrients may be chan-
neled to a few dominating species, further
decreasing the evenness of species distribu-
tion. In extreme cases, an accumulation of
toxic metabolites or other detrimental ef-
fects can occur, and are likely to reduce
diversity even more. The dramatic environ-
mental effects of high levels of eutrophica-
tion are evident from studies of sediments
beneath fish farms, where prokaryotic di-
versity may only be 50 genome equivalents
compared with a diversity of !11,000 ge-
nome equivalents in pristine sediments
(Table 1). Fish-farm sediments are subject-
ed to heavy organic input from fish-feed
pellets, which ultimately reduces resource
heterogeneity. This leads to a decrease, not
necessarily in the number of species
present, but in the evenness of species dis-
tribution of the community.

Matters of Scale
A full understanding of the differences in
prokaryote diversity patterns in soil and
water requires investigation at different en-
vironmental scales. The relative scale be-
tween what constitutes the size of a habitat
required for a prokaryote, and the size of
samples taken for observation, is an impor-
tant consideration.

Predictions from simple models of ho-
mogeneous habitats can provide valuable
information about factors like speciation,
dispersal, and biological interactions con-
trolling local diversity (" diversity) (20) in
aquatic environments and probably in soil
microhabitats. However, diversity in soil
cannot be explained completely by simple
models. At the scales used for most quan-
titative estimates of prokaryotic diversity in
soil, knowledge of habitat structure and
spatial and temporal variability is essential.
Hence, the striking differences in prokary-
otic diversity observed in soil and water not
only relate to spatial diversity (# diversity),
but also to the size of the organisms in-
volved. Because of their small size, pro-

Table 1. Prokaryotic abundance as determined by fluorescence microscopy and total genomic
diversity in prokaryotic communities calculated from the reassociation rate of DNA isolated from
the community (9). Community genome complexity is described as numbers of base pairs (bp).
Genome equivalents are given relative to the Escherichia coli genome (4.1 $ 106 bp).

DNA source Abundance
(cells cm!3)

Community genome
complexity (bp)

Genome
equivalents Ref.

Forest soil 4.8$ 109 2.5$ 1010 6000 (8)
Forest soil, cultivated
prokaryotes

1.4$ 107 1.4$ 108 35 (8)

Pasture soil 1.8$ 1010 (1.5$ 1010)–(3.5$ 1010) 3500–8800 (22)
Arable soil 2.1$ 1010 (5.7$ 108)–(1.4$ 109) 140–350 (22)
Pristine marine sediment 3.1$ 109 4.8$ 1010 11,400 (8)
Marine fish-farm
sediment

7.7$ 109 2.0$ 108 50 (8)

Salt-crystallizing pond,
22% salinity

6.0$ 107 2.9$ 107 7 (9)

www.sciencemag.org SCIENCE VOL 296 10 MAY 2002 1065

E N V I R O N M E N T A L M I C R O B I O L O G Y

Torsvik et al. 2002. Science 296: 1064-1066  

# cells in g  
(0.2 tsp) of soil 

# species in g  
(0.2 tsp) of soil 

10 Billion 



Role of Microbes in Ecosystems 

•  Functional powerhouse 
•  Base of biogeochemical cycles 

(e.g. Degradation of plant materials) 

•  Survival of all other organisms 
dependent on microbes 
–  Pathogenesis 
–  Beneficial association  
   (e.g., rhizobia)  



•  Tree of Life first proposed 
by Charles Darwin in 1859 
“On the Origin of Species” 
•  Figure of tree produced by 

Ernst Haeckel in 1866 
“Generelle Morphologie 
der Organismen” 

Tree of Life: Initial 
Plants Animals Protists 



Hug et al. 2016. Nature Microbiology 1:16048 
doi:10.1038/nmicrobiol.2016.48 Tree based on ribosomal protein sequences 

Tree of Life: Current 

Microorganisms 
are the most 
diverse group of 
organisms on 
earth 

Animals and Fungi 



Distribution of microbes in soil 

Soil aggregate under conventional 
agricultural management 

Soil under organic management 
with red clover cover crops 

X-ray computed microtomography 

• Soil pores 
• Particulate organic 
matter 

Certain microbes 
have preference 
for particular 
pores sizes 

https://www1.aps.anl.gov/aps-science-highlight/2015/soil-study-maps-out-microbe-real-estate 

Kravchenko et al. 2014. SSAJ 78:1924 



Interaction among cells 

•  Attributes of each individual contributes 
to functions of an ecosystem 

•  Interactions occur between individuals 

Mutualism 
 Both partners benefit 

Ammensalism 
Growth inhibited by toxin 

Synergism  
Greater benefit from 

combining two 

Commensalism 
Only one partner benefits 

Predation (Parasitism) 
One organism consumes 

another 

Competition (Antagonism) 
Competition for one nutrient 

 



Bioactivators being sold 

• Bacteria 
• Fungi 
• Mixtures of bacteria and/or fungi 
• Humic/fulvic acids 
• Seaweed extract 



What could bacteria/fungi be 
providing? 

• Plant growth hormones 
• Phytochemicals (signals to plant) 
• Antimicrobials  
• Enzymes 

–  Increase nutrient availability 
–  Suppress pathogens 



Genus  species 
Bacteria 

1x103 or 1,000 cfu /ml 



Bacillus species 
• Root colonizing free-

living bacteria 
• Produce GA and IAA 

that stimulate plant 
rooting and growth 

• Solubilize phosphorus 
compounds 

Bacillus grown in the lab 
Possible P solubilizer 
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Trichoderma 

Bacillus 



Trichoderma 

• Free-living fungus that colonize 
the rhizosphere 

• Common cellulose degrader 
• Used to suppress plant diseases 

caused by fungi, bacteria, and 
viruses 





Mycorrhizae 

•  Fungi that forms a 
symbiotic relationship 
with plants 

•  Arbuscular mycorrhizal 
fungi enters root cells 

•  Ectomycorrhizal fungi 
external to root 
(mainly associated 
with trees) (Stained with trypan blue 40X magnification) 

Sorghum bicolor genotype Shan Qui Red 



Benefits of mycorrhizae 
• Enhanced nutrient uptake 

(phosphorus & micronutrients) 
• Disease, drought and salinity 

resistance 
• Resistance to high metal 

concentrations 





Growth regulators or 
hormones 

• Signal molecules occurring in plants in 
low concentrations 

• Responsible for directing all aspects 
of plant development 

• Also found in fungi and bacteria (but 
role unknown) secondary metabolites 



Classes of phyto-hormones 

• Abscisic acid 
• Auxins - IAA 
• Cytokinins - kinetin 
• Ethylene 
• Gibberellins - GA 

Gibberellic acid *** 

*Public Domain, https://commons.wikimedia.org/w/index.php?curid=701798 
**By Azulene at English Wikipedia - Public Domain, https://commons.wikimedia.org/w/index.php?curid=3257320 
*** By Minutemen using BKchem 0.12 - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=1906246 

Kinetin ** 

Indole-acetic acid * 



Field testing of products 

• Collect as much information as you 
can before deciding to use a biologic 

• eg., field test by Purdue researchers 
–  Jim Camberato** 
–  Bob Nielsen 
–  Jason Lee (PhD student) 



http://extension.agron.iastate.edu/compendium/index.aspx 



Biological & 2x2 
starter trials 

• 5 locations (2016) 
• 5 treatments 

–  Control –no 2x2 or pop-up 

–  Low 2x2 – 8.3 gal 19-17-0 

–  2x2 + Bacteria 1 
–  2x2 + Growth regulator 
–  2x2 + Bacteria 2 
–  2x2 + Fungi 

(Lee et al. unpublished) 



Starter fertilizer treatments 

No 2x2 /
no in-
furrow 

2x2 / 
biological in-

furrow  

Low 
8.3 gal 

19-17-0 

3 gal 
Biological 

+water 

2x2 /no 
in-furrow  

Low 
8.3 gal 

19-17-0 

(Lee et al. unpublished) 



Plant dry weight was mostly 
unaffected by biologicals 
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Whole plant %P at V6 was mostly 
unaffected by biologicals 
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Rate of leaf appearance was 
mostly unaffected by biologicals 
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2x2 Starter yielded more than 
no starter 
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C/S - 2016 (Lee et al. 
unpublished) 



In-furrow biologicals had 
small effect on yield 
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2x2 starter yield, bu/acre 
210 158 226 212 190 

C/S - 2016 (Lee et al. 
unpublished) 



On average in-furrow biologicals 
had no effect on yield 

Bacteria 1 
Growth 

regulator Bacteria 2 Fungus 

Yield difference due to biological, 
bu/acre 

+1 +1 0 -1 

(Lee et al. unpublished) 



Summary field test 
•  Commercial formulations of  bacteria, 

growth regulator or fungus applied in-
furrow with 2x2 starter fertilizer had 
little to no effect on  
–  Plant growth 
–  Leaf appearance or  
–  Yield 

•  2x2 starter fertilizer increased yield at 
5 of 5 locations an average of 7 bu/acre 

(Lee et al. unpublished) 



Soil health test 
Two commercial tests available 
• Haney test 

–  Soil extracts chemically analyzed for  
• N (total, organic, water soluble) 
• C (organic, water soluble) 
• P (organic, inorganic)  
• Minerals (Al, Fe, Ca & K) 

–  Microbial activity using Solvita  
• CO2 release from soils after drying and re-

wetting 



Soil health test 
•  Cornell test (comprehensive test) 

–  Biological 
• Microbial activity, CO2 respiration (e.g. Solvita) 

• Active C, available food source for microbes 
• Root health (optional) 

–  Physical 
• Soil texture, aggregate stability, water 

capacity, surface/subsurface hardness 

–  Chemical  
• Organic matter, mineralization N, soil protein 
• pH, nutrients, toxic elements (heavy metals) 



Summary: What we know 

• Microbial inoculants have been used 
successfully for over 100 years in 
agriculture 

•  Studies have demonstrated benefits to 
use of some biostimulants 



Summary: Possible Outcomes 

Povero et al. 2016. Frontiers Plant Sci 7:435 

Main effects and 
physiological actions played 
by plant biostimulants (PBS) 

Improve flowering 

Improve soil health 

Improve fruits 

Improve germination 

Improve rooting 

Improve plant growth 



Summary:  
What we don’t know 

• Why biostimulators seem to work in 
some locations and not others 

•  Contribution of different soil types 
with different indigenous communities 

• Underlying mechanisms of some 
products 

•  Product quality: Formulations do not 
have oversight by any government 
agency 



Questions 

Photo: Nakatsu 


