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Do some wetting agents remove
organic coatings from water-
repellent sand particles?

A laboratory study confirmed for the first time that certain wetting agents can remove
organic coatings that cause soil water repellency.
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Figure 1. Represantative scanning electran microscopy images of hydraphabic sand (sft) and a clean sand grain that has never been used. Scales in micrometers (10°¢ meter) are on
the lower right corner of each image. Note the layers of arganic coatings on the sand grain in the left panel, and the clean surface on the sand grain in the right panel. The hydrophobic
sand grain was collected from a 7-year-old USGA green where localized dry spot has heen documented. The hydrophobicity level was determined to be severe based on the water
droplet penetration test, which had a result of >2,500 seconds. Phatos and figures by Enzhan Song

Soil water repellency, also referred to as soil
hydrophobicity, slows water infiltration into
the soil profile and, in some cases, causes water
to bypass hydrophobic areas, ultimately lead-
ing to localized dry spot (LDS). This undesir-
able soil condition is a widespread issue, but is
more common on sand-based growing media
such as USGA greens, because the specific
sutface area of sand particles is much smaller
than thar of other soil minerals (7).
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Wetting agents and hydrophaobicity

Soil hydrophebicity is believed to be caused
by the formation of complex organic acids,
such as humic acid and fulvic acid, which coar
the surface of sand particles (Figure 1). These
organic acids are formed during the natural
decomposition of soil organic matter over
time (14). Wetting agents that contain both
hydrophobic (oil-loving) and hydrophilic (wa-
ter-loving) groups in their molecules are the

primary management tool for controlling soil
water repellency. The desire for control of soil
hydrophobicity and improvement of soil water
retention has led to a widespread use of wet-
ting agents in the turf industry. A 2006 survey
found that 98% of golf course superintendents
who responded had experience with wetting
agents (3). Within the scientific community,
there is also a high level of interest among
turf researchers, as evidenced by the number
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of publications on this topic. As of Aug. 21,
2018, a search of the term “wetting agent” in
the Turfgrass Information File (heep:/tic.msu.
edu) produced 1,438 records.

Despite the wide use of and interest in wet-
ting agents in our turf community, many ques-
tions have yet to be answered (5, 7-11). One of
the questions brought up by Keith Karnok,
Ph.D. — one of the foremost authorities on
soil water repellency (1) — concerns whether
certain wetting agents can live up to the ad-
vertising and remove organic coatings from
the soil particles (9). Removal of the organic
coatings can ultimacely reverse the soil’s wa-
ter-repellent condition and, consequently, will
allow the turf manager to move away from
regular application of wetting agents through-
out the growing season — until organic acids
accumulate on the sand surface again.

Theoretically, reversal of water repellency
is possible because humic acids are soluble in
high-pH solurtions such as sodium hydroxide
(NaOH), and fulvic acid can be dissolved in
both acidic and basic solutions. A field experi-
ment on a2 USGA green found that sequential
applications of NaOH ac 0.1 M over three
days removed substantial amounts of humic
substances and reduced soil hydrophobicity
levels from strong to moderate (6). However,
application of NaOH increased soil pH from
5.9 to 8.3 and resulted in variable levels of
phytotoxicity on creeping benugrass (Agrossis
stolonifera L.). Another approach is to use
wax-dependent metabolizing bacteria such as
Streptamyces species (13), Rhadococcus species
(12) and Mycobacterium species (2). However,
this bioremediation approach was discovered
to be time-consuming, and results were in-
consistent depending on the environmental
conditions,

Alternatively, some wetting agents with
strong amphiphilic properties have been found
to be capable of concentrating and extracting
hydrophobic organic compounds from water
in the laboratory (4). In the turf market, some
commercial compounds claim to remove or-
ganic coatings from the hydrophobic sand sur-
face. For example, a product called OARS (or-
ganic acid removal system; Aqua-Aid), which
(based on the label information) contains
80% polyoxyalkylene polymers and 10% po-
tassium salt of alkyl substituted maleic acid, is
being promoted for such a purpose. Until chis
study, however, there was no research-based
evidence to evaluate such an effect. Therefore,
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Application/wash flow chart

58 ml water
1st wash

70 ml wetting
agent treatment

58 ml water
3rd wash

58 ml water
2nd wash

Figure 2. Flow chart representing application of wetting agents and three sequential washes.

the objective of this research was to investigate
whether selected wetting agents could remove
hydrophobic organic coatings from sand sur-
faces.

Materials and methods

Sand was collected from areas where lo-
calized dry spot had been documented on a
7-year-old USGA green at the Turf Research
Facility at the University of Missouri in Co-
lumbia, Mo. The degree of hydrophobicity
was determined to be moderate, based on the
molarity of ethanol droplet test. Once bench-
dried, sand was separated from plant debris
before homogenization and packed into PVC
columns. After being packed to uniformity,
all columns contained the same amount of
sand with a uniform bulk density and poros-
ity, which was equivalent to a pore volume of
2 ounces (58 milliliters). Wetting agents ap-
plied included Matador (ENP Investments)
and OARS and a surfactant named pHAcid
(Numerator Technologies), as well as dis-
tilled, deionized water as a control. All chree
wetting agents were mixed with water at the
highest label-suggested rates and applied to
the sand columns at 2.36 ounces (70 millili-
ters), which was greater than the pore volume
and ensured complete saturation of the sand

columns. After 24 hours, sand columns were
then washed at the pore volume of 2 ounces
of water three times at 30-minute intervals
(Figure 2).

All leachates collected from application of
the wetting agenrs and the sequential washes
were acidified using sulfuric acid to remove
inorganic carbons. The organic carbons in
the soluble forms in the leachates (termed
dissolved organic carbon) and in the insoluble
forms in the leachates (termed particulate
organic carbon) were then determined, The
underlying rationale for this measurement is
that all organic compounds contain carbon;
therefore, determining the organic carbon
in the leachates is an indirect measurement
for the amount of organic compounds that
could be potentially washed off from the hy-
drophobic sands.

The amount of dissalved organic carbon
was quantified by using a Shimadzu TOC-
VWP analyzer equipped with an autosam-
pler ASIV. The particulate organic carbon
was evaluated by first separating the particu-
late organic matter from the leachates using a
centrifuge before determining the mass of the
particulate organic martter via combustion.
Solid phase organic carbon in the sand profiles
before and after treatment was determined by




Treatment effects on carbon output
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Figure 3. Treatment effects on total output of: (A) dissolved organic carbon and (B) particulate organic carben in all
leachates after application of ane of two wetting agents, a surfactant, or deionized water, followed by three sequential

b
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washes. Bars labeled with the same letters are not significantly different.

64 GOLF COURSE MANAGEMENT 10.18

using a LECO TruSpec CN Carbon/Nitrogen
analyzer (LECO Corp.). The effect of trear
ments on reversing the water-repellent condi-
tion of the sands was also determined using
the malarity of ethanal droplet test.

All treatments were arranged in a com-
pletely randomized design with three replica-
tions, and the entire experiment was repeated
once. Collected data were analyzed, and no
treatment-by-experiment interaction was de-
tected for all response variables measured;
therefore, data from the two experiments were
pooled, and significant means were separated.

Results and discussion

After treacment application and the three
sequential washes, total dissolved organic car-
bon and particulate organic carbon present in
all leachates of each sand column were sum-
marized in Figure 3. The water-only treatment
removed a minimal amount of dissolved or-
ganic carbon, indicating a small portion of
the organic compounds in the sand profile
was water-soluble (Figure 3A). Compared to
water-treated columns, the same amount of
dissolved organic carbon was removed from
columns treated with pHAcid, suggesting
that the effect of pHAcid was similar to thac
of water. In contrast, Matador and QARS
both removed a substantially greater amount
of dissolved organic carbon than water. It is
important to keep in mind that applications
of Matador introduced 1,765 mg of dissolved
organic carbon, and applications of OARS
introduced 1,409 mg, as the wetting agents
are also organic compounds in a water-solu-
ble form. In contrast, application of pHAcid
only added 23 mg of dissolved organic car-
bon. Collectively, it appeared that the amount
of dissolved organic carbon found in leachates
from Matador- and QARS-treated sand col-
umns accounted for 91% and 519 of the dis-
solved organic carbon introduced by the two
treatments, respectively. Alchough we were
not able to precisely separate the indigenous
dissolved organic carbon introduced by the
treatment from the dissolved organic carbon
that could be washed out from the sand pro-
file (even with water as a control), it is clear
that at least half of the dissolved organic car-
bon introduced by OARS was retained in the
sand system despite three washes, suggesting a
strong sorption berween QOARS and the sand.

In terms of insoluble particulate organic
catbon, the watet-only treatment temoved a




Treatment effects on soil water repellency
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minimal amount of particulate organic car-
bon, likely because the sand collection and
handling process might have weakened the
attachment between the organic coatings and
sand. OARS or pHAcid removed the same
amount of particulate organic carbon from
sand columns as the water control (Figure
3B). Treatment with Matador, however, re-
moved 6.9 times the amount of particulate
organic carbon as warer alone. Based on the
type of filter we used in this experiment, the
particles we collected to determine the par-
ticulate organic matter were finer than 0.05
mm, which classifies the organic carbon we
removed as fine particulate organic carbon. It
has been reported that, even when present at
a low concentration, fine particulate organic
carbon significantly increases soil water repel-
lency (3). Therefore, our results suggest that
application of Matador followed by three se-
quential washes removed a substantial amount
of water-insoluble organic coatings from the
sand columns, which likely contributes to an
improvement in wettability of the sand.
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Figure 4. Effect of treating soil-repellent sand with one of two wetting agents, a surfactant, or deionized water, followed
by three sequential washes. Soil water repellency was determined by using the molarity of ethanol droplet test. Bars

The solid phase organic carbon in the wa-
tet-only treatment remained statistically con-
stant compated o the amount of solid phase
organic carbon found in the same source of
sand that was not treated. Sands treated with
pHAcid showed a 16% reduction in solid
phase organic carbon compared to the sands
that were not treated. Compared to the un-
treated sands, those treated with Marador
resulted in che same amount of solid phase
organic carbon, while application of OARS
produced 27% greater solid phase organic car-
bon. This intriguing result suggests that ap-
plication of OARS introduced an additional
source of organic compounds to the sand pro-
file, and these organic compounds remained
in the sand system in a solid form. This resulc
again suggests a strong sotption of the QARS
molecules to the sand, corroborating the find-
ings on the dissolved organic carbon as de-
scribed abave.

After application of treatments and three
washes, sand treated with pHAcid showed no
change in its hydrophobicity compared to the

water-only treacment (Figure 4). In contras,
application of OARS significanty reduced the
hydrophobicity of the sand to the category of
low water repellency. Application of Matador
complerely reversed the hydrophobicity of the
sand and resulted in a wettable sand.

Conclusion

Collectively, results from this research
indicate that both OARS and Matador are
promising for reducing soil water repellency to
a minimum (QARS) or zero (Matador), fol-
lowing one application and three sequencial
washes. Although the reasons are not fully
understood, our data suggest that OARS
molecules exhibic strong sorption to the hy-
draphabic sand surfaces, and a significant
amount of the molecules likely remain in
the sand system despite sequential washes. In
comparison, applying Matador may wash out
a greater amount of organic compounds from
the system in both water-soluble and insoluble
forms. Our results also suggest that deep irri-
gation following application of wetting agents
such as Macador likely increases removal of
organic coatings from the sand profile. How-
ever, caution is needed because this is strictly
a laboratory-based experiment, and implica-
tions for field conditions could be complicated
as plants, soil and microorganisms interact.

The research team ac the University of
Missouri has been performing more in-depth
laboratory and field experiments in this line
of research, so stay tuned for more research

findings.
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* Soil water repellency leads to localized
dry spot, a widespread issue that is
more common on sand-hased growing
media such as USGA greens.

* |n a laboratory setting, sand collected
from a green with localized dry spot
was treated with two wetting agents, a
surfactant and deionized water.

« Sand treated with either deionized water
or the surfactant showed no change in
soil water repellency.

+ The wetting agents OARS and Matador
showed promise for reducing soll water
repellency to minimum or none; Matador
removed a significant portion of organic
coatings from the sand, suggesting that
it can reverse soil water repellency.

* Because this experiment took place in a
lab, caution is needed when interpreting
the results for field conditians.
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