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Saving 35% in Water Applications
SOIL SURFACTANTS
Strategies of USE ?
What Products When & Where?
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PSU Soil Surfactant Trial

;(‘T‘I' % B Control iﬁ 5&1 i% E % Percent Infiltration Penetration
0%

I_ﬁt’f F\yPoseidon ZCC/I'TI2 6 fl. 0z. / 1000 ft2 46.6%
xR 7 dae 2cc/m 28.9 %
I/I\DRetro 2CC/rn2 1100 %
%1 &R & dho 2ce/m 42.5 %
LT 90 5.4CC/I‘T1216%. oz/ 1000 ft2 32.4%

:/‘y7X7__’r_.~/908ixteen—90 54CC/I'n2 129 %
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Meeting Water
Requirements
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Lateral fine rootsact like fuel lines... To water reservoirs(fuel tanks) in the soil profile
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Meeting Water
Requirements

ZNEIF—DENTITWTFHEWEELRAUCNTHD

A KEY POINT TO REMEMBER DURING THIS SEMINAR
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WATER MUST INTERCEPT ROOTS ROOTS DON'T INTERCEPT WATER
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UNDERSTANDING WATER REPELLENCY
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WATER’S’ RELATIONSHIP TOTHATCH & SOIL PROFILE
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WATER MOLECULES THATCH & SOIL PROFILE
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WATER MOLECULES ATTRACTED TO EACH OTHER
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ATTRACTION OF WATER MOLECULES NEGATIVE SITES ON SOIL & THATCH?
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OPPOSITE OF ADHESION?
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Water Repellent Characterization
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High organic matter / thatch
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Water Availability
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Water Availability
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“TUNING” SOIL SURFACTANTS
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NON-IONIC SURFACTANT
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Structure-Performance Relationship

NON-IONIC SURFACTANT
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Structure-Performance Relationship

TRI-BLOCK COPOLYMER
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Structure-Performance Relationship
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This ground-breaking surfactant system is
designed to amend and significantly enhance water movement, water distribution, hydration and drainage in
root zones influenced by water repellent soil particles.
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*L C L \ i a o In addition, Poseidon contains a separate seaweed extract component designed to enrich the root

zone with a natural source of major and minor plant nutrients and replenish deficiencies of cytokinin and auxin proteins caused
by decreases in root metabolic synthesis during stress.
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surfactant blends that contain new, highly effective chemistries that can be “tuned” to take advantage of
their unique patterns of self-assembly and co-surfactant compatibility.
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Capped Copolymer
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the Poseidon formulation is a complex copolymer containing non-polar terminating groups.
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FFJ é*b%) o These unique terminating groups provide additional nonpolar

“anchors” that the surfactant uses to adhere to the water
repellent surface of the soil particle.
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Capped Copolymer
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This unique construction is designed to change and improve the “footprint” of the surfactant on the soil particle in order to
promote a more consistent level of hydration and rehydration.
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The “capped” copolymer also reduces the rate of microbial degradation which makes the surfactant’s last longer.
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PSU Soil Surfactant Trial

CO ntrO | 7K *D B 5% E % Percent Infiltration & Penetration
0%

2009 BERKMEARU NSRS ) —L R ER

2009 Research on Bent Grass Greens with high Water Repellency

’-I_st/r l\\\?/Poesidon 2(:(:/rT]2 6 fl. 0z. / 1000 ft2 46.6%
ﬁﬁéﬁiﬁpﬁm 2CC/rn2 6 fl. 0z. / 1000 ft2 289 %
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seconds) fo

Oz/M Ocm 1cm 2cm 3cm 4cm 5cm
6.0 1 1 2 4 3 3
0.0 81 66 30 7 3] 7
Significance *%k * nS nS nS nS
** * and ns = P<0.01, P<0.05 and P>0.10

respectively.
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Effect of wetting agent application average volumetric soil moisture content - Fayetteville, AR,
2011. Arrows represent monthly application dates.

During the period of 711411 - 8111, termperatures exceeded 100°F for 20 days
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EE A L/—C L \ %)To improve overall performance, the Poseidon TRIBLOCK molecule is blended with a complementary surfactant
chemistry proven to promote uniform vertical and lateral movement of water and solutes into and through the soil profile
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DEW SUPPRESSION 5 to 7 DAYS —-IMPORTANT FOR WHAT REASONS?
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Poseidon TRIBLOCK SURFACTANT
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Poseidon TRIBLOCK Eythle CAPPING SURFACTANT

MRROEL-EREDEL

CHANGES IN MORPHOLOGY — CHANGES IN PERFORMANCE

TIENFREA
SOIL PARTICLE SURFACE
d Eb\ﬁ?i High molecular weight
° Eﬁﬁ‘ltﬁﬁﬁ Complex chemistry
° **ﬂﬁﬁiﬁﬁ‘ib\ Hydrate extremely well
o SBBINITLU ess vuinerale to degradation
¢ *Uﬁ%fgﬁ@mre consistent
° *mwiﬂ_ﬁtﬁ%j—lncrea%d uniformity of hydration
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TRIBLOCK SURFACTANT
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Rainfall or irrigation events continue to hydrate TRIBLOCK surfactant and build hydration shells
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Note that TRIBLOCK sits closer to particle surface






M)ZavsIdLokren-REFEERITIREOKDEIED/ A 2—DREY
BZrEEBETIENTELRIT—THD

The triblock blended surfactants has a copolymer that once attached to soil particles, can help re-establish a matrix flow pattern of water
movement through the rootzone
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When triblock surfactant blend is introduced into the soil profile, its chemistries attach to non-polar areas on water repellent soil particles where they attract water and
encourage the formation of a uniform hydration “shell” on the soil particle surface.



NUM=xAC0R, inc.



TEDBRKE

Soil Water Repellency
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Once subjected to microbial action, soil organic matter (SOM) becomes the
primary source of problematic hydrophobic organic polymer materials that
coat the surface of soil particles.
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Humic Substances - Mixture of Complex Macromolecules
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increase in degree of polymerization ——
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Soil Water Repellency
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Conformational Changes
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Theoretically humic substances should be repelled from the sand patrticle
surface which also has a negative charge.



TEDBRK

Soil Water Repellency

HUMIC SUBSTANCE
ADSORBED TO SOIL PARTICLE SURFACE
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SOIL PARTICLE SURFACE
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These bonds effectively reverse the surface charge of functional groups that
allow them to adsorb to particle surfaces through electrostatic interactions.
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Soil Water Repellency
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Electron micrograph
of a wettable sand
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Soil Water Repellency

FBKET1 /L L

Water Repellent Films

HUMIC SUBSTANCE

SOIL PARTICLE SURFACE



Soil Water Repellency

Layer-on-Layer Deposition

HUMIC SUBSTANCE

HUMIC SUBSTANCE

SOIL PARTICLE SURFACE

During later stages of development, hydrophobic humic
substances continue to build on sand particles as layer-
on-layer depositions.
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Soil Water Repellency
IR 1O
Wet / Dry Cycles
NON-POLAR AREAS INCREASE
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DEHYDRATION
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As the dehydration process continues, non-polar sites on the humic substances surface increase and
spaces between the layered humic substrate compress — rendering early stage films and later stage
layers of humic substances water repellent.
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Soil Water Repellency
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Layer-on-Layer Deposition

HUMIC SUBSTANCE

HUMIC SUBSTANCE
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SOIL PARTICLE SURFACE
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During later stages of development, hydrophobic humic substances continue to build
on sand patrticles as layer-on-layer depositions.
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Soil Water Repellency
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Electron micrograph
of a nonwettable sand
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5 ':1lE %*L-tll \i_d— o RETRO is a combination of a best-in-class

surfactant complex with a blend of organic coating removal agents designed to provide
the golf course superintendent with a broad, proactive approach to address the cause
and problems associated with soil water repellency.
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deploying complementary technologies directed at both helping to correct the build-up of
water repellent organic coatings on sand particles and providing relief from the symptoms

of water repellency.
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Layer -on-Layer Polymer Build-up

ARBEREA

Organic Coating Removal Agent
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Where layer-on-layer coating of water repellent organic polymers occur, RETRO’ s components act
together to separate the molecular fractions of these organic coatings (primarily humic substances in
combination with other organic materials) and solubilize these parts into the bulk soil solution.
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Layer -on-Layer Polymer Build-up

ARBEREA

Organic Coating Removal Agent
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Layer -on-Layer Polymer Build-up
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Surfactants in the RETRO formulation attach to hydrophobic fractions of the humic substances.
As these surfactants attract water molecules (hydrate), they facilitate further separation of
molecules that comprise the humic substance into the bulk solution. This is often referred to as

“flaking off” of the non-polar organic layers.
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SOIL PARTICLE SURFACE
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remain attached to humic substances that remain on the particle surface. Subsequent irrigations will
rehydrate the surfactants and aid in additional removal of humic substances as well as contribute to a
return of uniform patterns of infiltration, percolation, retention and favorable wetting patterns.
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Humic Substances - Mixture of Complex Macromolecules
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Trial Results
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PSU Soil Surfactant Trial

Control Percent Infiltration Penetration
0%

2009 Research on Bent Grass with high Water Repellency

Retro 6 fl. 0z. / 1000 ft2 110.0 %
e iEm0) 6 fl. 0z. / 1000 ft2 42.5 %




Soil moisture variability
(standard deviation, n=25)

B Control Zone of Uniformity B RETRO
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Effect of wetting agent application soil moisture variability, as measured by standard deviation
- Fayetteville, AR, 2011.

Volumetric soil moisture was evaluated twice monthly using a portable time
domain reflectometery (TDR) unit. Twenty five measurements were taken on
each plot using a5 x 5 ft. grid {1 ft. centers) at three depths (1.5, 3, and 5 inches),
Soil moisture maps were generated for each sampling date and depth.
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