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Physiological Rationale for Biostimulants

Stress Hypothesis

e 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.
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Yield loss due to stress responses and
genetically determined biomass partitioning.
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Yield loss reduced due to diminished stress responses
and favorable biomass partitioning.
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Yield Gap Analysis

Assumes that Y, = Maximum theoretical

b >80% Y, is yield (ideal sunlight, temp,
impossible or nutrient, CO,)
unprofitable Y,, =Maximum theoretical

: yield with water limitation

— Determined

[0) by: radiation, N

(]>) temperature,

— lanting date, i I

5 P Cult?var 80% of Yp Exploitable yield

o maturity (and or Yw gap

Sopm water supply

> for Yw)

120 ton 60-85 ton 30-60 ton

Yield Potential Exploitable Average farm
(Yp or Yw) yield yield (Ya)

M.K. van Ittersum et al. / Field Crops Research 143 (2013)4-17



Interactions between environmental conditions and plant development, growth, energy

production, and ion and nutrient balance and storage
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PLANT PHYSIOLOGY AND DEVELOPMENT 6e, Figure 24.1
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MAIZE GROWTH STAGES

Flowering and Grain Fill

Disease and stalk borer control important

|

Critical moisture requirement

| eat, Drought, Wind, | .

Rapid Vegetative i N-PIzK'éEZfY&/ -W W
cermintion ang HiAAEN stresses occur in the growth of |
Emergence all crops and this reduces yield. \

\
B

Weed control

| Cold, Waterlogging,
Drought, N-P-K Questions .

e (Can we identify, prevent or mitigate these stresses?

Y  What are these stresses and how do plants react?
\
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R3 -R4

Days after Emergence®

0 7 21 32 38 44 49 56 63 70 77 84 91 98 105 12 119 160
Germination and Plant population Cob Active growth - Pollination. Kernel Grain filling. Physiological Ready for harvest.
émergence. established. development. leaves and cob 5-10 Days. development.  Nutrients are maturity. 14% Moisture.
Planting depth Growth point development. transported to End of mass gain.

5.8 cm. 20-25 mm below Brace root cob.
surface. development.
5 Leaf - cob and 12 Leaf - cob size
tassel initiation. determined.
Vegetative Growth Stages Reproductive Development Stages

* The number of days varies between different growth classes and environments.
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THE O RIGINAL

Is it possible for a
biostimulant to
positively influence
plant response to
stress?
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Many examples of biostimulant responses. Mostly in pot trials,
frequently highly variable response.

Fruit
* Setting processes
* Fruit size and weight
* Quality e Water stress, heat stress

Crouch and van Staden, 1992; Chouliaras et al..
1997; Colapietra and Alexander, 2006; Basak.
2008; Chouliaras et al., 2009: Ross and Holden,
2010; Loyola and Muiioz, 2011; Paradikovi¢ et
al., 2011; Khan et al., 2012; Paradikovi¢ et al.,
2013; El-Hamied et al., 2015.

Seeds / Seedlings
» Germination
* “Starter effect”
* Overcoming transplant stress
* Priming effect
* Seed quality e« Water stress, heat stress

Aldworth and van Staden, 1987; Featonby-Smith
and van Staden, 1987; Crouch and van Staden,
1992: Russo et al., 1993; Moller and Smith.
1998 Demir et al., 2006; Sivasankari et al.,
2006; Farooq et al., 2008; Neily et al., 2010;
Kumar and Sahoo, 2011; Matysiak et al., 2011;
Kalaivanan and Venkatesalu. 2012.

Roots
* Root development
* Young root development
» Rooting of cuttings e Water stress, heat stress

Sivasankari et al.. 2006: MacDonald et al.. 2010;
De Lucia and Vecchietti, 2012; Ferrante et al..
2013; Krajnc et al., 2012; Petrozza et al., 2012;
MacDonald et al., 2012; Alam et al., 2014.

Povero et al FIPS 2016

Plant

i Plant growth/yield and physiological modulation

» Water/nutrient uptake
* Stress response

Beckett and van Staden, 1990; Beckett et al., 1994;
Blunden et al., 1996; Adani, 1998; Mancuso et al..
2006; Zhang and Ervin, 2008; Ross and Holden,
2010; Sangeetha and Thevanathan, 2010; Zhang et
al., 2010; Fan et al., 2011; Kumar and Sahoo, 2011;
Matysiak et al., 2011; Paradikovic et al., 2011; De
Lucia and Vecchietti, 2012; Petrozza et al., 2012;
Paradikovi¢ et al., 2013: Alam et al., 2014; Petrozza
etal., 2014; Saa et al., 2015.

Flowers
« Flowering and sprouting induction.

Basak, 2008; Petri et al., 2008; Hawerroth et al.,
2010; Pereira et al., 2011.

- Soil

* Physico-chemical properties

» Development of beneficial soil microorganisms
» Water/nutrient retention

* Overcoming salinity stress

Booth, 1969; Guiry and Blunden, 1991; Temple and
Bomke, 1988; Chen et al., 2002; Gulser et al., 2010;
Ross and Holden, 2010; Garcia-Martinez et al..
2010; Tejada et al., 2011; Alam et al., 2014.
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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

e 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?
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Environmental Monitoring

Tule Tower Weather Station
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Drought stress started at full canopy for consistent canopy

development between irrigation treatments
Image Credits: Ryan Etter
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Soil Volumetric Water Content

Irrigation Reduction at Day 66 clearly depleted soil water by 12 days after stress
treatment
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STOMATAL CONDUCTANCE:

Stomatal Conductance mol m?s"

30% of ETa

p = 0043

8/2/2019
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8/16/2019



PHOTOSYNTHESIS:

Net Assimilation [umol m?s)
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NDVI

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

TREATMENT —< CONTROL 70% —— CONTROL 30%

Jun 15 Jul 01 Jul 15 Aug 01 Aug 15
Date
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Effect of Biostimulants on Canopy Temperature and Yield
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BRIXYIELD

Effect of Biostimulants on Brix Yield
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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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