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Abstract. Wetting agents have been widely used in the turf industry for ameliorating
hydrophobic soil conditions and improving water use efficiency. However, limited
information is available regarding potential benefits of wetting agents on fine textured
soil lawns where wettable soils are commonly found, because most prior studies have
been conducted in sand-based turf systems. This 2-year field study evaluated the potential
for wetting agents to improve turf quality, as well as to reduce runoff losses of water and
nutrients from st. augustinegrass [Stenotaphrum secundatum (Walt.) Kuntze] lawns.
Over two seasons, turfgrass quality, percent green cover, and soil moisture in plots were
evaluated in response to wetting agent and fertilizer treatments. During precipitation
events, total runoff volumes were measured, as well as total export of nutrients including
NO3-N, NH4-N, total dissolved N, dissolved organic N, dissolved organic C, and PO4-P.
No runoff was detected from any treatments when precipitation was less than 13 mm. St.
augustinegrass turfgrass quality and soil moisture were slightly improved by wetting
agent and fertilizer treatments during the study, but no significant effects of either of the
treatments were found on runoff volumes or nutrient exports. Although turf was
managed under deficit irrigation levels of 0.3 3 reference evapotranspiration, irrigation
events were not withheld due to rainfall, and thus, little to no drought stress was observed
during the study.
How to manage nutrients and irrigation
have been major concerns for the turfgrass
and ornamental industry in recent decades,
especially within densely populated urban
areas (Beard and Green, 1994; Carey et al.,
2012; Hochmuth et al., 2012). It is estimated
that 40% to 60% of residential water use in
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the United States is applied for irrigating
landscapes, which are typically composed
primarily of turfgrass (White et al., 2004).
In Texas, lawn and landscape use of municipal water is significant (Cabrera et al., 2013).
Due to the magnitude of use, water conservation and mitigation strategies have been
used in the United States to reduce domestic
water usage (Ozan and Alsharif, 2013). The
environmental fate of nutrients has also become the focus of government policies
restricting fertilizer use (Hochmuth et al.,
2012). Several potential environmental concerns have also been attributed to turfgrass
management, including offsite movement of
water, nutrients, and pesticides in surface and
groundwater and excessive use of potable
water (Carey et al., 2012; King et al., 2001;
King and Balogh, 2001; Racke, 2000). Management practices and/or application of products that enhance water and nutrient use
efficiency could therefore aid in producing
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a more sustainable turfgrass system while
reducing environmental impacts (Carrow
et al., 2001).
Soil water repellency, or hydrophobicity,
is a widespread problem for turfgrass managers, and it is usually associated with sandbased turfgrass systems (Zontek and Kostka,
2012). Hydrophobicity develops due to formation of hydrophobic organic substances
around soil particles associated with living or
decomposing plants or microorganisms
(Doerr et al., 2000; Zisman, 1964). Although
all types of soil can become hydrophobic,
sandy soils tend to be more susceptible to
water repellency due to their lower surface
area per unit volume than finer-textured soils
(DeBano et al., 1970; Karnok et al., 2004).
Soil water repellency not only reduces
water use efficiency but may also increase
runoff volumes during rainfall or irrigation
events (Doerr et al., 2003; Mitra et al., 2006).
Water lost as surface runoff has the potential
to transport nutrients including nitrogen, potassium, and phosphorus (Burwell et al.,
1975; G€
obel et al., 2007; McDowell and
Sharpley, 2001). Urban storm water runoff
has been considered by the U.S. Environmental Protection Agency (EPA) to be a
major factor influencing surface water
(rivers, streams, and lakes) quality (Hoss
et al., 2016; Novotny and Olem, 1994). Nitrogen and phosphorus losses in urban runoff
have received considerable attention due to
their impacts on surface water quality, including contributions to eutrophication
(Taylor et al., 2005; Wherley et al., 2017).
Wetting agents reduce the surface tension
of water, and thus have been widely used to
reduce soil water repellency (Laha et al.,
2009). Wetting agent molecules commonly
consist of a lipophilic/nonpolar head and
polar/hydrophilic tail; which, when applied
to water-repellent soil, the polar side of wetting agent molecules was bonded to water
molecules and the nonpolar side was bonded
to water-repellent soil, respectively, wetting
soil particles (Karnok et al., 2004). Repeated
applications of wetting agents are often necessary to alleviate soil water repellency. A
number of wetting agents are available on the
market, and Zontek and Kostka (2012) have
proposed a classification system for these
products based on mode of action and/or
interaction with water and soil, which include
anionic and anionic blends, nonionic, cationic, or amphoteric wetting agent groups.
Most commercially available wetting
agents claim an ability to reduce soil hydrophobicity and/or enhance water infiltration
(Karnok et al., 2004; Pelishek et al., 1962).
An evaluation of ten wetting agents was
conducted over nine predominantly sandbased study sites across the United States,
with the authors reporting efficacy for several
of the selected wetting agents at reducing
water drop penetration time (WDPT) across
multiple study sites (Throssell, 2005). Kostka
and Bially (2005) tested the synergetic effects of different wetting agent chemistries
for the enhancement of hydrophilicity columns filled with water-repellent sand and
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reported that blends of unrelated nonionic
wetting agents markedly improved infiltration over other commercial penetrant products. Most of these prior wetting agent studies
have been conducted on sand-based systems,
as putting greens are prone to local dry spots
resulting from poor moisture retention, and
limited studies have conducted on loam or
clay soils typical of many lawns (Aamlid
et al., 2009; Cisar et al., 2000; Leinauer et al.,
2001; Soldat et al., 2010).
Given the benefits of wetting agents at
improving water infiltration and consequent
nutrient availability in the root zone of plants
growing in coarse textured soils, there is
growing commercial interest in evaluating
wetting agents for use in home lawns. Application of these products may also be beneficial for lawns established on nonhydrophobic
but poorly drained native soils given their
reported potential to improve water infiltration and water content uniformity at greater
soil depths (Lehrsch et al., 2011; Lowery
et al., 2002; National Cooperative Soil Survey).
With a hypothesis that applying a wetting
agent can improve turf quality and allocate
more water and nutrient in the soil, the
objectives of this research were to 1) evaluate
the potential of wetting agents to improve turf
performance and 2) test the effect of wetting
agents on water and nutrient conservation, in
terms of soil moisture content and the losses
of water and nutrients in runoff from st.
augustinegrass [Stenotaphrum secundatum
(Walt.) Kuntze] lawns.
Materials and Methods
This study was conducted at the Urban
Landscape Runoff Facility located at the
Texas A&M University Soil and Crop Sciences Field Research Laboratory, College
Station, TX. The first study period was from
15 June 2015 to 26 Oct. 2015, and the second
study period was from 21 July 2016 to 6 Dec.
2016 (each year comprised 21 weeks). The
facility consisted of 24 individually irrigated
plots (each 4.1 m · 8.2 m) with 3–4-year-old
‘Raleigh’ st. augustinegrass established on
a 3.7% +/– 0.5% slope atop a relatively
undisturbed Boonville fine sandy loam soil
(fine, smectitic, thermic, Chromic Vertic
Albaqualf). Four soil samples were randomly
taken at the depth of 10 cm on each plot using
a 2-cm wide soil sampler probe (TSS2-S;
Turf-Tec International) before the initiation
of the study, and samples were sent to Texas
A&M University soil testing laboratory for
nutrient analyses. All soil samples were oven

dried at 65 C for at least 16 h. Following
oven drying, samples were pulverized using a
soil grinder (Agvise Laboratories, Benson,
MN), and all particles that could not pass a 2mm soil sieve were removed. An extracted
soil solution with a ratio of 1:2 (soil: deionized water) was used to determine soil pH
using a pH meter (Model 215; Denver Instrument, Bohemia, NY). We extracted P, K,
Ca, Mg, Na, and S using the Mehlich III
extractant (a dilute acid-fluoride-EDTA solution of pH 2.5 that consists of 0.2 N CH3COOH, 0.25 N NH4NO3, 0.015 N NH4F,
0.013 N HNO3, and 0.001 M EDTA), and
these were determined by inductively coupled plasma spectroscopy. Organic C was
determined by a combustion procedure. A
soil testing report showed average of 1.95
g·kg–1 organic C, pH 6.9, and adequate levels
of soil P (190 g·kg–1), K (217 g·kg–1), Ca
(1243 g·kg–1), and Mg (117 g·kg–1) [for reference, the critical levels provided by the soil
testing report are P (50 g·kg–1), K (175 g·kg–1),
Ca (180 g·kg–1), Mg (50 g·kg–1)], which likely
resulted from prior use of the area as a dairy
research farm.
Before the initiation of the study, water
droplet penetration time (WDPT) testing was
conducted at the 2.5- and 5-cm soil depths for
plots that were assigned for all treatments,
according to the method of Bisdom et al.
(1993). Four 15-cm soil cores were randomly
collected from each plot using a soil sampler
probe (TSS2-S; Turf-Tec International). In
the field, one water drop was placed on the
exposed soil core at 2.5- and 5-cm soil
depths. The time that the water drop fully
penetrated the soil core was recorded and
averaged for each plot.
Each plot was equipped with a flow meter
(ISCO 4210; Teledyne Isco, Lincoln, NE)
and auto-sampler (ISCO 6712; Teledyne
Isco), installed at the end of a flume that
was attached to a runoff collection trough at
the base of each plot. This setup allowed for
measurement of runoff flow rate as well as
the collection of runoff samples during runoff
events, whether occurring due to precipitation or irrigation. A detailed description of
the facility was published (Wherley et al.,
2014).
Temperature data (average C) were obtained from Weather Underground archives
for station KCLL in 2015 and an on-site
weather station in 2016. Rainfall volumes
(mm) were measured on site using a tipping
rain gauge (Isco 647; Teledyne Isco) at a 2minute temporal resolution.
In an effort to produce moderate soil
moisture stress in plots, turfgrasses were

irrigated once weekly at a rate of 30% of
historical (30-year) reference evapotranspiration (30% · ETo) for the City of College
Station, based on data from the Texas ET
network (Texaset.tamu.edu). For reference,
the consumptive water requirement for most
warm-season turfgrasses including st. augustinegrass is 0.6 · ETo (Wherley et al.,
2015). Analysis of applied irrigation water
was as follows: pH (8.4), Bicarbonate (509
mg·L–1), Na (234 mg·L–1), Cl (81 mg·L–1),
and sodium adsorption ratio (33.7). The irrigation volumes alone were not enough to
induce runoff from plots, and so data presented are the result of runoff derived from
precipitation. Rainfall was not accounted for
during irrigation application; thus the experiment mimicked a ‘‘set-it and-forget-it’’ practice common among urban lawn landscapes
in the region. Plots were mowed up to two
times weekly at a 7.6 cm height of cut
during the study period, with clippings
returned to their respective plots. Oxadiazon (Ronstar G; Bayer, Research Triangle
Park, NC) was applied to all plots at 4 kg·ha–1
a.i. in March of each season to prevent
annual weed encroachment. For fall disease
prevention, pyraclostrobin + triticonazole
(Pillar G Intrinsic Brand Fungicide; BASF,
Research Triangle Park, NC) was applied
to all plots during October and November
at a rate of 14.7 g·m–2.
The study was arranged as a randomized
complete block design with four replicate
plots per treatment. Treatments were
arranged as a 2 · 2 factorial design with a
wetting agent (WA) and fertilizer (Fert) as
the main factors. A WA (Everydrop; Scotts
Miracle-Gro, Marysville, OH) was applied
four times annually at either 0 or 0.9 g·m–2 a.i.
per application, and urea and ammoniacalbased Fert (32N–0P–8.3K) was applied twice
annually at 0 or 4.5 g·m–2 N per application
(Table 1). Thus, four treatments were included in this study: 1) Both Fert and WA
applied; 2) Only Fert applied; 3) Only WA
applied; and 4) Control. Fertilizer and wetting agent treatments were applied using a
drop spreader (Turf Builder 76565; Scotts
Miracle-Gro, Marysville, OH) and incorporated with 0.3-cm irrigation.
Measurements for turfgrass quality, turfgrass coverage, and soil volumetric water
content were recorded on the day before
irrigation and again 2 d post irrigation.
Turfgrass quality was visually evaluated using a 1–9 scale, with 1 representing the
poorest or completely dead grass, 9 representing outstanding turf with perfect green
color and density, and 6 being minimally

Table 1. Application date of fertilizer and wetting agent for 2015 and 2016.
Product

Application Time
2015

Fertilizer
Wetting agent

5 June (wk 1)
5 June (wk1)

2 July (wk 5)

14 July (wk 6)
28 July (wk 9)

Fertilizer
Wetting agent

21 July (wk 1)
21 July (wk 1)

18 Aug. (wk 5)

22 Sept. (wk 9)
15 Sept. (wk 9)
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27 Aug. (wk 13)
2016

22 Sept. (wk 17)

13 Oct. (wk 13)

10 Nov. (wk 17)

21 Oct. (wk 20)
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Fig. 1. Weekly average air temperatures (C) and reference evapotranspiration (ETo, mm) during the study
periods for 2 years. The 2015 study was conducted from 5 June to 26 Oct., while the 2016 study was
conducted from 21 July to 6 Dec. Data were obtained from an onsite weather station.

Fig. 2. Weekly cumulative precipitation (mm) and all runoff events detected in 2015 and 2016. The 2015
study was conducted from 5 June 2015 to 26 Oct. 2015, while the 2016 study was conducted from 21
July 2016 to 6 Dec. 2016. For 2015: O = 1 runoff event and 2 · O = 2 runoff events for that week. For
2016: ^ = 1 runoff event and 2 · ^ = 2 runoff events for that week.

acceptable quality (Morris and Shearman,
2007). In addition, light box images were
taken twice weekly on Tuesdays and Fridays
for evaluation of percent green cover in a
randomly selected location within each plot
using a Nikon Coolpix 7100 digital camera
(Nikon Co., Minato, Tokyo, Japan) mounted
on a 0.6- · 0.6-m square light box equipped
with four compact fluorescent bulbs. Images
were analyzed for percentage green cover
using SigmaScan version 5.0 (Systat Software Inc., San Jose, CA) and a batch analysis

macro with hue and saturation settings of 45
to 120 and 0 to 100, respectively (Karcher
and Richardson, 2003, 2005; Richardson
et al., 2001). Percentage green cover data
were normalized by dividing all values by the
maximum coverage value with a given date.
On Tuesdays and Thursdays, 0–5 cm of soil
volumetric water content was measured at
four random locations in each plot (two
located within upper half and two in lower
half of each plot) using a hand-held soil
moisture meter with a 5-cm probe (Fieldscout
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TDR 300; Spectrum Technologies Inc., Aurora, IL), and the plot soil volumetric water
content was the average of four measurements.
Flow meter triggered collection of a runoff sample after every 0.13 cm (37.8 L) of
runoff. Total runoff volume (L) of each event
was determined. Aliquots of the runoff samples from each plot were vacuum filtered
through 0.7-mm nominal pore size glass
microfiber filters (Ahlstrom, Munksjo Filtration LLC, Madisonville, KY) to provide
sediment removal and rapid flow rate. Electrical conductivity (EC) of unfiltered runoff
samples were measured for each runoff event
with a portable EC meter (C65; Milwaukee
Instruments Inc., Rocky Mount, NC). Filtered runoff samples were used to measure
concentrations of NO3-N, NH4-N, and PO4-P
by using a discrete wet chemistry analyzer
(SMARTCHEM 200; Unity Scientific,
Brookfield, CT). Colorimetric with automated Cd-Cu reduction (Method: EPA
353.2), colorimetric automated phenate
(Method: EPA 350.1), and colorimetric automated ascorbic (Method: EPA 365.1) were
used to measure NO3-N, NH4-N, and PO4-P,
respectively. Concentrations of total dissolved nitrogen (TDN) and nonpurgeable
dissolved organic carbon (DOC) were measured using high-temperature Pt-catalyzed
combustion with a Shimadzu TOC-VCSH
and Shimadzu total measuring unit TNM-1
(Shimadzu Corp., Houston, TX). Because a
direct measurement of dissolved organic nitrogen (DON) was not achievable, DON was
derived by subtracting NO3-N and NH4-N
(inorganic form) from TDN. Nutrient exports
were calculated by multiplying average nutrient concentrations for each plot and runoff
event by the total runoff volume and then
dividing by the plot area.
Data for all parameters were analyzed
using repeated measures analyses of variance. Sample date was used as the repeated
measures, using the ‘‘proc mixed’’ model in
SAS 9.4 (SAS Institute, Cary, NC) to determine statistical significance of results. Data
were analyzed and presented by years. Means
were separated following Tukey’s honestly
significant difference test at P # 0.05.
Results
Water droplet penetration time. At the
initiation of the study, water droplet penetration time was less than 1 s for all treatments at
the 2.5 cm depth and ranged from 4.9 to 6.5 s
at the 5 cm depth. Based on the classification
of water repellency developed by Bisdom
et al. (1993), soils at the 2.5 cm depth would
be considered wettable, while the 5 cm depth
would be considered slightly water repellent.
Environmental conditions. Weekly average air temperature ranged from 20 to 30 C
in 2015. For 2016, air temperatures averaged
between 20 to 30 C for the initial 12 weeks,
but they reduced after week 13 through the
remainder of the study (Fig. 1). Weekly
average ETo were greater for the 2015 study
period than the 2016 study period for most
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Table 2. Repeated measurement analysis of variance (ANOVA) for turf canopy and soil moisture parameters measured during the study for both years.
ANOVA
Soil moisture
2015
2016
***
***
NS
*
NS
*

Runoff vol
2015
2016
***
***

% green cover
2015
2016
***
***
NS
***
***
**

Date (D)
NS
NS
Wetting agent (WA)
NS
NS
Fertilizer (F)
NS
NS
NS
NS
NS
D · WA
D·F
NS
NS
NS
NS
NS
WA · F
***
*
NS
NS
NS
D · WA · F
NS
NS
NS
NS
NS
*Significant at P = 0.05; **significant at P = 0.01; ***significant at P = 0.001; NS = nonsignificant at P = 0.05.
Vol = volume; D = measuring date; WA = wetting agent; F = fertilizer.
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NS

NS

NS

NS

NS
NS

NS

NS

NS

NS

NS

NS

the st. augustinegrass plots were only affected by date, primarily due to differences
in rainfall intensity and soil moisture content
between runoff dates (Fig. 2, Table 2). Although 14 total precipitation events occurred
during 2015 and 12 during 2016, only six of
the precipitation events each year generated
runoff (Figs. 2 and 4). In general, precipitation events greater than 13 mm were required
to generate measurable runoff. The greater
rainfall that occurred in 2016 compared with
2015 resulted in greater runoff volumes in
2016 than in 2015 (Figs. 2 and 4). The
greatest runoff volume of 2016 (3500 L)
was associated with runoff event 3 that was
measured on week 5, following 2 weeks of
intensive rainfall (weeks 4 and 5); whereas
the greatest runoff volume of 2015 (2200
L) was associated with runoff event 6 when a
190-mm rain event occurred, detected on
week 21 (Figs. 2 and 4).
Treatment effects on turfgrass quality and
percent green cover. St. augustinegrass turfgrass quality was affected by wetting agent
and fertilizer treatments during the study
(Table 2). For turfgrass quality and percent
green cover, no interaction of main effects
was measured. Therefore, the influence of
wetting agent and fertilizer levels are presented by main effects. However, although an
effect of fertilizer was detected on turfgrass
quality (Table 2), no differences were observed between fertilized and unfertilized
plots in 2015. Fertilized plots resulted in
greater turfgrass quality than unfertilized
plots in 2016, with values of 8 and 7.5 for
fertilized and unfertilized plots, respectively
(Fig. 5). In comparison, wetting agent application as a main effect led to increased
turfgrass quality for both years (Fig. 6). In
2015, wetting agents resulted in a turfgrass
quality of 7.1, compared with nontreated
plots, which averaged 6.8 in value. In 2016,
the turfgrass quality rating value was 8 and
7.6 for wetting agent-treated and nontreated
plots, respectively. Despite the deficit levels
of supplemental irrigation (0.3 · ETo), turfgrass quality for all treatments remained
above the minimally acceptable level both
years due to periodic rainfall events occurring during the study period.
Percent green cover was affected by fertilizer both years, and by wetting agent in
2016. Despite a statistical difference, fertilizer treatments had only a minimal effect on
percent green cover, with 87% and 89% for

Fig. 3. Effect of wetting agent and fertilizer on soil volumetric content (%) during the study period in 2015–
16. Means were compared at each fertilizer level in each year with Tukey’s honestly significant
difference at P = 0.05. Same letter means no significant difference.

weeks, with a range of 2.0 to 7.5 mm and 1.3
to 6.6 mm for 2015 and 2016, respectively
(Fig. 1).
Precipitation is presented as weekly cumulative precipitation rather than daily precipitation during the study period for both
years, because several rainfall events lasted
for several days and runoff was only measured after rainfall had completely stopped.
Precipitation patterns varied each year
(Fig. 2). Total precipitation for the 2015
study period was 379 mm, which was less
than the 35-year historical average (417 mm)
for the time period at the location. Precipitation events were erratic in 2015, with relatively little rainfall between weeks 5 and 20
before a rain event resulting in 190 mm of
water during week 21 (Fig. 2). For 2016,
rainfall was 7% greater than normal for the
21-week study period (452 vs. 421 mm).
Several heavy rain events leading to weekly
cumulative precipitation greater than 50 mm
occurred during 2016 (Fig. 2). Reduced ETo
resulted from lower temperatures and greater
precipitation in 2016, creating an overall
wetter season compared with 2015.

Turfgrass quality
2015
2016
***
***
**
***
*
***

Treatment effects on soil moisture. The
effects of wetting agent and fertilizer on soil
moisture, turfgrass quality, percent green
cover, and runoff volumes for both years
are presented in Table 2. Analysis of variation indicated an interaction between wetting
agent and fertilizer on soil moisture for both
years. As such, wetting agents influenced
volumetric water content differently within
each fertilizer level; but under each fertilizer
level, wetting agents resulted in similar
volumetric water content as untreated plots
during both years (Fig. 3). Overall soil volumetric water content for all treatments was
also noticeably lower in 2015 than in 2016
(30% vs. 40% mean volumetric water content
for 2015 and 2016 rating dates, respectively)
(Fig. 3). Soil water content differences between years likely resulted from greater precipitation amounts and low ETo during the
2016 study period (Figs. 1 and 2).
Treatment effects on runoff volumes. No
significant differences in runoff volumes
were detected during the study due to wetting
agent or fertilizer treatments (Table 2).
Rather, runoff differences occurring from
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Fig. 4. Total runoff volumes occurring with measured rain events during both years. For reference, total
precipitation occurring with each event is noted in the figure. Dates for each event are as follows:
(2015) 1 = 17 June (week 2), 2 = 19 June (week 3), 3 = 12 Aug. (week 11), 4 = 23 Sept. (week 14), 5 =
20 (week 21), 6 = 26 Oct. (week 21); (2016) 1 = 16 Aug. (week 4), 2 = 19 Aug. (week 4), 3 = 23 Aug.
(week 5), 4 = 24 Sept. (week 10), 5 = 7 Nov. (week 16), 6 = 6 Dec. (week 20).

fertilizer was applied before the runoff event,
or runoff intensity was significantly high
(Fig. 9A). Specifically, fertilized plots had
greater TDN exports on both the initial (80
vs. 40 mg·m–2 for fertilized and unfertilized,
respectively) and final (700 vs. 200 mg·m–2
for fertilized and unfertilized, respectively)
runoff dates in 2015. No main effect of
wetting agent or fertilizer were found on
TDN in 2016. The interaction between date
and fertilizer on TDN and DON found in
2015 was also not found in 2016.
Effects of wetting agent and fertilizer on
DON and DOC were similar to that of TDN
exports during both years of the study
(Table 3), which is not surprising given that
organic nitrogen was the largest fraction of
TDN and it was also related to DOC. Dissolved organic nitrogen represented 70% to
90% of all N exports during runoff events in
2015, and greater DON export was associated
with fertilized rather than unfertilized plots
on two of six dates (Fig. 9B). A similar
pattern was found for DOC in 2015, but a
significant difference between fertilized and
unfertilized plots was only found on 26 Oct.
2015 (Fig. 9C).
Total PO4-P exports were not influenced
by wetting agent or fertilizer treatments
(Table 3). In 2015, PO4-P exports for all
plots averaged less than 60 mg·m–2 P per
event for the first five runoff events, and PO4P export from fertilized plots were greater
than from unfertilized plots on the final (26
Oct. 2015) event (1029 vs. 494 mg·m–2 P for
fertilized and unfertilized plots, respectively)
(Fig. 9D).
Discussion

Fig. 5. Turf quality as affected by fertilizer during the study period in 2015 and 2016. Data are pooled
across weeks. Means with the same letter in a year are not statistically different based on Tukey’s
honestly significant difference at P = 0.05.

unfertilized and fertilized plots, respectively
(data are not shown in figure). Percent green
cover was increased by the application of the
wetting agent, especially in the absence of
fertilizer (Fig. 7). Wetting agent application
resulted in a greater percent of green cover,
with 91% and 85% green cover for wetting
agent-treated and nontreated plots, respectively (Fig. 7).
Runoff nutrient exports. The main effects
of wetting agent, fertilizer, and their interaction on nutrient exports in runoff are shown in

Table 3. Results showed that NO3-N exports
in runoff were unaffected by wetting agent or
fertilizer treatments. However, there was a
main effect of fertilizer on NH4-N export in
runoff detected in 2015. As such, fertilization
increased NH4-N export in runoff to 16
mg·m–2, and in comparison, that of unfertilized plots was 5 mg·m–2 (Fig. 8). For TDN
and DON, an interaction between date and
fertilizer was observed in 2015. In 2015,
TDN exports in runoff differed due to fertilizer treatment on two of six runoff dates when
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Wetting agents have been widely used in
the turf industry for ameliorating hydrophobic soil conditions and improving water use
efficiency. This study evaluated runoff, soil
moisture, and turf canopy responses to wetting agent applications on a fine sandy loam
soil with little to no detectable hydrophobicity at the onset of the study. No benefits from
wetting agent were observed in terms of
reduction in runoff. Previous studies have
also shown limited effects of wetting agents
on improving water retention and reducing
runoff from nonhydrophobic soils (Lehrsch
et al., 2011; Miller et al., 1975; Mitra et al.,
2006; Miyamoto, 1985). For example, a
controlled laboratory experiment found wetting agents did not affect runoff from three
wettable soils for which water droplet penetration times were less than 5 s (Lehrsch
et al., 2011). Another study evaluating the
effect of wetting agent on runoff of irrigation
water found that application of a widely used
wetting agent (Dispatch; Aquatrols, Paulsboro, NJ) reduced total irrigation runoff relative to controls; however, subsurface
seepage was identified as contributing to
these differences (Mitra et al., 2006). It has
been suggested that wetting agents may influence soil moisture through affecting dynamics of water movement in the soil. Miller
et al. (1975) evaluated wetting agent effects
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on water infiltration through wettable and
water-repellent soils and noted that while
infiltration rate was constant for wettable
soils treated with a wetting agent, an initial
decrease and subsequent sharp increase in
infiltration rate was observed for wetting
agent-treated water-repellent soils, reflecting

although soil volumetric content and surface
runoff volumes may not be affected by wetting agents, wetting agents may improve
water holding capacity of the soil by reducing
leaching or deep percolation of water below
the root zone, thus increasing turfgrass quality as a result of greater water use efficiency
by plants.
Several studies have confirmed the positive benefits of wetting agents on turfgrass
quality; however, the majority of these studies have been on sand-based systems (Barton
and Colmer, 2011; Kostka, 2000; Leinauer
et al., 2007; Miyamoto, 1985; Soldat et al.,
2010). Schiavon et al. (2014) reported turfgrass quality of Cynodon dactylon L. ‘Princess 77’ and Paspalum vaginatum Swartz
‘Sea Spray’ was not improved by a wetting
agent application and hypothesized that the
negative effects of the saline irrigation water
used may have offset beneficial effects of
wetting agents. Although the irrigation water
used in our study was sodic (SAR > 15),
application of a wetting agent provided turfgrasses a greater opportunity to maintain a
high quality over a longer period of time.
The observed increase in turf quality due
to a wetting agent, even though practically
speaking the difference is of little value,
could also be related to effects on plant
nutrient uptake. Chaichi et al. (2017) evaluated the effects of wetting agents on nutrient
uptake efficiency of ‘Bush Beefsteak’ tomato
plants, and they reported that wetting agents
aided uptake of N and K in saline soils.
Similarly, a study testing the growth of
Argyranthemum coronopifolium (daisy) on
wetting agent-treated peat found that plant Ca
uptake was increased by the wetting agent
(Cid-Ballarin et al., 1998). However, since
effects of wetting agents on either turfgrass
foliar or root uptake of nutrients were not
directly measured in this study, these need
to be confirmed through future studies.
In established turf, runoff losses of N can
be relatively low compared with other pathways (Sebilo et al., 2013), which may explain
why differences due to wetting agent were
difficult to detect. Shuman (2002) measured
N and P runoff losses following fertilizer
applications to simulated ‘Tifway’ bermudagrass [Cynodon dactylon (L.) Pers. · C.
transvaalensis Burtt-Davy] golf course fairways and found that total nitrate-N loss via
runoff 7 d after fertilization was 1.5 and 0.9%
of applied for both 12 and 24 kg·ha–1 N
application rates, respectively. Similar

the benefits of the wetting agent. Similarly, it
has been reported that application of several
selected wetting agents reduced infiltration
time by 10% to 15% in the initial irrigation
event following application to wettable soils
(Miyamoto, 1985). Based on our results and
those of other researchers, we postulate that

Fig. 6. Effect of wetting agent on turf quality in 2015 and 2016. Data are pooled across weeks. Means with
the same letter in a year are not statistically different based on Tukey’s honestly significant difference
at P = 0.05.

Fig. 7. Effect of wetting agent and fertilizer on plot percent green cover during 2016. Means with the same
letter are not statistically different based on Tukey’s honestly significant difference at P = 0.05.

Table 3. Repeated measurement analysis of variance (ANOVA) for chemical exports measured during runoff events in 2015 and 2016.
ANOVA (export)
NO3-N
2015
2016
***
**

DON
DOC
Source
2015
2016
2015
2016
2015
2016
Date (D)
***
***
***
***
***
***
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
Wetting agent (WS)
Fertilizer (F)
NS
NS
*
NS
*
NS
*
NS
*
NS
D · WA
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
D·F
NS
NS
NS
NS
**
NS
**
NS
**
NS
WA · F
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
D · WA · F
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
*Significant at P = 0.05 P level; **significant at P = 0.01; ***significant at P = 0.001; NS = nonsignificant at P = 0.05.
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NH4-N
2015
2016
***
***

TDN

PO4-P
2015
**

2016
***

NS

NS

NS

NS

NS

NS

*

NS

NS

NS

NS

NS
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results were reported by Cole et al. (1997),
who applied N as either urea or sulfur-coated
urea to bermudagrass at 49 kg·ha–1 N and
reported runoff N losses of only 1.8% of

NO3-N and 2.1% of NH4-N from sulfurcoated urea and 2.4% of NO3-N and 6.4%
of NH4-N from urea. In addition, a study
conducted at the same study site as ours

Fig. 8. Effect of fertilizer on NH4-N export in runoff during 2015. Data were pooled across all runoff
events. Means with the same letter are not statistically different based on Tukey’s honestly significant
difference at P = 0.05.

examined the effects of fertilizer and irrigation regimes on NO3-N export and reported
that NO3-N exports in runoff from the system
were predominantly driven by water inputs,
especially during winter and early spring,
when soil moisture was high and turf growth
was minimal (Fontanier et al., 2017).
In this study, the effect of wetting agent
on reducing nutrient and water losses through
runoff was not significant, and fertilizer was a
greater contributor to nutrient exports in
runoff. In addition, the interaction between
date and fertilizer on TDN and DON found in
2015 but not in 2016 is likely due to fertilizer
being assimilated by turfgrass or moved into
soil before the following runoff event (about
2 weeks after fertilization in 2016); and as a
reference, several studies have shown that
most uptake of N fertilizer by turfgrasses
could be within days of fertilization during
active growth periods (Bowman et al., 2006;
Chang et al., 2019; Wherley et al., 2009).
Although wetting agent treatment did not
affect DOC exports as runoff, return of clippings to plots during mowing events and
effects of high Na concentrations in irrigation
likely contributed to the relatively high DOC
exports observed (Steele and AitkenheadPeterson, 2013). Accordingly, we recommended that wetting agents should not be
used as a common practice by turfgrass
managers for the purpose of minimizing

Fig. 9. Effect of fertilizer on total dissolved N, dissolved organic N, C, and PO4-P export in runoff during each runoff event in 2015 season. Data are pooled across
surfactant treatment. * indicates a significant mean difference between fertilizer treatment based on Tukey’s honestly significant difference at P = 0.05.
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nutrient losses through runoff, especially for
N. Timing of fertilization, however, should
be given greater attention, as the potential for
nutrient losses in runoff could be enhanced if
fertilizer application is made just before
heavy rainfall.
Although the wetting agent was found
ineffective at ameliorating water and nutrient
losses through runoff, we found increased
turfgrass quality resulting from application of
the wetting agent. One possible assumption is
that a wetting agent aids retention of water
and nutrients in the soil for a longer period of
time, resulting in fewer losses. While nutrient
leaching in our study was not measured,
previous studies have shown that wetting
agents offer potential to reduce NO3-N leaching (Arriaga et al., 2009; Cooley et al., 2009),
making this a meaningful topic for turfgrass
scientists for their future studies.
Conclusions
This 2-year field study evaluated potential
for wetting agents to improve turf performance as well as to reduce runoff losses of
water and nutrients from st. augustinegrass
lawns. Based on the results of this 2-year field
study, wetting agents provided mild improvements in turfgrass quality and percent green
cover in plots and no negative effects on
runoff and nutrient movement. However,
their benefits did not extend to significant
reductions in runoff water volumes or nutrient exports during precipitation events. Fertilizer application resulted in improved
turfgrass quality only in the second season,
likely due to nutrient losses in runoff in first
year. Despite irrigating plots to 0.3 · ETo, all
plots maintained acceptable quality throughout the study, regardless of wetting agent
treatment. This was likely due to the occurrence of timely rainfall events, which may
have limited the potential benefits of wetting
agent treatments. Therefore, a wetting agent
application, regardless of year, is more an
insurance application due to unknown
drought. Future research should examine
these treatments under greater levels of water
stress to fully understand the extent of benefits they may offer for lawn situations. If
limited benefits would still be observed at
greater levels of water stress, additional research could address wetting agent effects on
nutrient leaching and/or soil water dynamics.
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