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ABSTRACT. Managing turfgrass in arid and semiarid areas of the southern United
States is becoming increasingly challenging due to prolonged drought and
diminishing water resources. Turfgrass managers have been seeking products that
control pests while promoting drought resistance. Civitas™ Turf Defense is a new
petroleum-derived spray oil (PDSO) mixed with green pigment. Like other traditional
PDSO products, Civitas is reported to have positive effects on turfgrass pest control
and management. However, limited information is available regarding its impact on
water conservation in turfgrass. The objective of this study was to evaluate the effects
of Civitas on bermudagrass (Cynodon spp.) under deficit irrigation conditions. A
2-year study was conducted in Riverside, CA, USA, to evaluate the effect of Civitas
on bermudagrass irrigated at 55% or 65% of reference evapotranspiration (ET,), which
represented a 20% or 10% savings in water, respectively. Civitas was applied at 4.5 or
8.5 0z,/1000 ft* every two weeks (2019-20), and 8.5 0z,/1000 £ every 3 weeks
(2019 only), compared with an untreated control. Results show that Civitas improved
bermudagrass quality under deficit irrigation at both rates, but the 3-week application
interval was less effective compared with the 2-week application interval at either rate.
Civitas applied at 8.5 0z,/1000 ft” every 2 weeks resulted in better turfgrass quality
than the 4.5 0z,/1000 ft* rate in the first year only. Results suggest that using Civitas
on bermudagrass can save up to 20% water while maintaining desirable turf quality.

etroleum-derived spray oils
(PDSOs) have been used in horti-
culture and agronomy for pest
control since the 1800s (Agnello 2002).
Civitas (Suncor Energy, Mississauga,
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Canada) is a spray oil made from food-
graded isoparaffins and is offered in two
forms: Civitas™ Turf Defense Ready-
2-Mix, a two-pack system that allows for
on-site mixing of mineral oil and green
pigment (Harmonizer™), and Civitas
Turf Defense Pre-Ml1xed, a single pre-
mixed formulation containing 88.8%
(w/w) mineral oil. Unlike the tradi-
tional PDSOs, Civitas is a new ap-
proach to turfgrass pest management
by trigging plant defense mechanisms
(Cortes-Barco et al. 2010). Van Dyke
and Johnson (2017) reported the ef-
fectiveness of Civitas on snow mold
(Typhula sp. not specified) disease con-
trol. Similarly, Aamlid et al. (2018)
and Stricker et al. (2017) demonstrated
positive effects of Civitas on Micro-
dochium Patch (Microdochium nivale)
disease control. Civitas has also shown
variable impacts on spring green-up,
likely influenced by species-specific
responses, snow cover duration, and
winter temperatures. For example, Civ-
itas improved spring green-up in Utah,
USA (Van Dyke and Johnson 2017)
but inhibited it in Europe (Aamlid
et al. 2018). However, some studies

have documented adverse effects of
Civitas application. Reduced turfgrass
quality was observed when Civitas was
combined with rolling on an annual
bluegrass (Poa annua L.) putting
green (Mattox 2015). Additionally,
leaf chlorosis appeared on a creeping
bentgrass (Agrostis stolonifera L.) /an-
nual bluegrass putting green within
hours of Civitas application (Kreuser
and Rossi, 2014), but it was partially
masked by the Harmonizer, the pig-
ment product. The pigment has also
demonstrated effects in reducing dollar
spot (Clarireedia sp.) by inhibiting fun-
gal radial growth (Nash 2011) and in-
creasing canopy temperature (Aamlid
et al. 2018; Braun et al. 2016). How-
ever, few studies have focused on eval-
uating the effect of Civitas on turfgrass
water conservation.

Many southwestern US states are
experiencing severe drought, espe-
cially in the summer months. When
precipitation is limited or absent, sup-
plemental irrigation is needed for plant
growth. However, replacing full evapo-
transpiration (ET) for plants growth is
not practical or possible in most situa-
tions; therefore, deficit irrigation has
been introduced by researchers and
turfgrass managers. Deficit irrigation,
defined as replacing water less than
full crop-water requirements, has been
identified as a feasible practice for water
conservation (Feldhake et al. 1984).
The aim of deficit irrigation on turf-
grass is to use the least amount of
water to obtain an acceptable qual-
ity, and therefore to conserve water
(Gibeault et al. 1985; Kneebone et al.
1992). Several studies have focused on
combining other water conservation
strategies with deficit irrigation to
achieve the most water-conservative
strategies, including using plant growth
regulators, wetting agents, and eftective
fertility management programs (Schiavon
et al. 2014, 2019; Serena et al. 2018,
2020). However, the impact of Civitas, a
mineral oil product, on water conserva-
tion has yet to be investigated.

Materials and methods

The experiment was conducted at
the University of California, Riverside
turfgrass research facility (Riverside,
CA, USA; USDA plant hardiness
zone 9b; 310 m elevation) during
2019-20. Research was performed
on ‘Princess 77’ bermudagrass [ Cyno-
don dactylon (L.) Pers.] from May to
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Table 1. Weather data of monthly reference evapotranspiration (ET,), precipitation, average air temperatures, and soil temperature,
near the study site during the study period in 2019 and 2020, Riverside, CA, USA. Data were recorded from an on-site weather
station and downloaded from the California Irrigation Management Information System, station 44.

Total Avg max Avg min
Total ET, precipitation air temp air temp Avg air Avg soil
Year Month (inch) (inch) (°F) (°F) temp (°F) temp (°F)
2019 May 5.0 1.0 71.2 52.5 60.8 66.9
Jun 6.5 0.0 83.1 60.1 69.6 73.4
Jul 8.0 0.0 72.2 62.8 75.7 74.8
Aug 7.7 0.0 934 62.4 76.6 74.3
Sep 5.7 0.0 73.2 62.1 73.8 74.5
Oct 51 0.0 82.9 52.9 66.9 64.0
2020 May 5.6 0.3 74.2 54.7 63.7 68.5
Jun 7.6 0.0 86.4 58.8 71.1 73.9
Jul 8.0 0.0 75.2 67.6 80.8 78.8
Aug 7.4 0.0 92.8 66.4 78.3 77.7
Sep 59 0.0 76.2 60.8 73.6 73.8
Oct 4.3 0.9 80.2 56.7 67.5 68.2

October in 2019 and on ‘Tifway II’
bermudagrass [ Cynodon dactylon (L.)
Pers. x C. transvanlensis Burtt-Davy ]
from Jun to Oct 2020. For both years,
soil was a Hanford fine sandy loam
(70.4% sand, 19.8% silt, 9.8% clay;
superactive, nonacid, thermic Typic
Xerorthents) with 0.6% organic mat-
ter. Turt was mowed at 0.5 inches
(12.7 mm) three times per week with
a reel mower (Toro Reelmaster 3100-D,
Bloomington, MN, USA), and clip-
pings were returned. Each April, ver-
ticutting was performed to reduce
organic matter. Monthly fertilization
from 21-7-14 (Yara International ASA,
Oslo, Norway) was applied at 0.5 Ibs
N/1000 ft* (23 kg-ha * N) from April
to November for both years.

During the study period, climate
data were recorded from an on-site
weather station [(California Irrigation
Management Information System
(CIMIS), station 44)], which is pre-
sented in Table 1. From 23 May to 31
Oct 2019 and 3 Jun to 31 Oct 2020,

irrigation treatments were applied by
hand-watering three times per week to
replace either 55 or 65% of previous
week’s reference evapotranspiration
(ET,) based on CIMIS data. For refer-
ence, bermudagrass in Riverside typi-
cally requires 75% ET, during the
summer months to maintain acceptable
turf quality. Nonlimiting irrigation was
applied using sprinklers from 1 Nov
2019 to 2 Jun 2020 unless precipitation
occurred. The irrigation water had a
pH of 7.8, electrical conductivity of
0.72 dS/m, and sodium adsorption
ratio of 3.2.

The study was a split-plot in a
randomized complete block design
with four replicates, with individual
plots measuring 4 x 6 ft. The whole-
plot factor consisted of irrigation treat-
ments, with either 55% or 65% ET|, re-
placements. The subplot factor included
application rates and frequencies of Civi-
tas Turf Defense Pre-Mlxed (hereafter
referred to as Civitas). Subplot treat-
ments involved Civitas applied at 4.5 oz/

1000 ft* biweekly, 8.5 0z,/1000 ft*
biweekly, and 8.5 0z,/1000 ft* every
3 weeks, compared with an untreated
control with no applications. These
rates and frequencies were selected
based on the lower end of the labeled
rate, half of this rate, and varying
application intervals to evaluate cost-
saving options. Applications were made
using a CO, backpack sprayer cali-
brated to deliver 2 gal /1000 ft>. In
2019, Civitas applied at 8.5 0z,/1000

every 3 weeks showed minimal ef-
fects on enhancing turfgrass drought
resistance compared with the biweekly
treatments, leading to the discontinua-
tion of this treatment in 2020.

Data collection and analysis

Data were collected biweekly for
turf quality, color, normalized difter-
ence vegetation index (NDVI), soil
volumetric water content (VWC), soil
moisture variability (SMV), percent
green coverage (PGC), and dark green
color index (DGCI). Turf quality was

Table 2. Results of analysis of variance testing the effects of Civitas application rate and frequency, irrigation replacement

based on reference evapotranspiration (ET,), sampling month, and their interactions on turf quality, color, normalized
difference vegetation index (NDVI), volumetric water content (VWC), soil moisture variability (SMV), percentage green
cover (PGC), and dark green color index (DGCI) of mature ‘Princess 77’ bermudagrass in 2019 and mature ‘Tifway I’ bermu-
dagrass in 2020.

Turf quality Color NDVI VWC SMV PGC DGCI
Effect 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
Civitas treatment ok ok HrE * NS NS NS NS NS NS ##% NS ¥ *
Civitas treatment x ET, NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Month seskok skksk skksk skksk skksk skksk skksk skksk skksk seskok skksk skksk skksk sk
ETO X mOnth NS skksk k skksk skksk skskok skksk sk sk NS * sksk NS sk
Civitas treatment x month oAk NS *** NS NS NS NS NS NS NS =** NS *¥* NS

Civitas treatment x ET, x Month NS NS NS NS NS NS NS NS NS NS NS NS NS NS

NS, *, ** ***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Fig. 1. Turf quality (A), color (B), percent green cover (C), and dark green
color index (D) of ‘Princess 77’ bermudagrass treated with Civitas in 2019,
Riverside, CA. Results are pooled across two evapotranspiration irrigation
replacements and four replicates. 1 0z,/1000 ft> = 0.000318 L/m?. LSD =

least significant difference.

rated visually on a 1 to 9 scale, where
1 = brown turf, 6 = minimal accept-
able quality, and 9 = dense, dark green,

Horllochnology * April 2025 35(2)

uniform turf (Morris and Shearman
1999). Color was also rated visually
on a1l to 9 scale, where 1 = straw

color and 9 = dark green color.
Normalized difference vegetation in-
dex was recorded by a GreenSeeker
NDVI handheld crop sensor (Trim-
ble, Sunnyvale, CA, USA) to quan-
tify stress (Park et al. 2004).

Soil volumetric water content at
3.0 inches (76.2 mm) soil depth was
determined using a time domain re-
flectometer (FieldScout TDR300 Soil
Moisture Meter; Spectrum 223 Tech-
nologies Inc., Aurora, IL, USA). The
average soil VWC was calculated by
averaging the means of five random
spots within each plot. Furthermore,
SMV was determined by calculating
the standard deviation of the VWC
among the five data points (Xiang
et al. 2021), where a higher value in-
dicates lower soil uniformity.

Percent green coverage and DGCI
were determined from digital image
analysis (Karcher and Richardson 2005;
Richardson et al. 2001) using Turf Ana-
lyzer (Karcher et al. 2017). Digital im-
ages representing 3.2 ft* (0.3 m?) of
each plot were taken with a digital cam-
era (PowerShot G15, Canon USA Inc.,
Melville, NY, USA), mounted inside an
enclosed light box. The light box pro-
vided a consistent light source with four
light-emitting diode lightbulbs. The
threshold for digital image analysis was
set with a hue of 60,300, saturation of
0,/100, and brightness of 10,/80.

For both years, data were aver-
aged as monthly data to improve clar-
ity of data representation. Due to the
elimination of the Civitas treatment at
the 3-week interval in 2020, data were
analyzed for each year separately. Data
were subjected to analysis of variance
(ANOVA) using SAS PROC MIXED
with repeated measures (version 9.4; SAS
Institute, Cary, NC, USA). For any given
parameter, when appropriate, multiple
comparisons of means were separated
using Fisher’s protected least significant
difference test at P = 0.05.

Results

In 2019, Civitas treatment X
month interaction was highly signifi-
cant for turf quality, color, PGC, and
DGCI (Table 2). Therefore, data were
averaged over ET,, and replicates. Addi-
tionally, ET, x month interaction was
highly significant for color, NDVI,
VWC, SMV, and PGC. For those pa-
rameters, data were averaged over Civi-
tas treatment and replicates. In 2020,
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Fig. 2. Color (A), normalized difference vegetation index (B), volumetric water content (C), soil moisture variability (D), and
percent green cover (E) of ‘Princess 77’ bermudagrass irrigated at either 55% or 65% reference evapotranspiration (ET,) replacements
in 2019, Riverside, CA, USA. Results are pooled across three Civitas treatments and the untreated control. Asterisks (¥*) above the
treatments indicate significant differences among the means. LSD = least significant difference.

Civitas treatment was significant for
turf quality, color, and DGCI. The in-
teraction between ET, and month
was highly significant for turf quality,
color, NDVI, VWC, PGC, and DGCI
(Table 2).

Turf quality and color

In 2019, plots treated with Civi-
tas at 8.5 0z,/1000 ft? at both 2- and
3-week application frequencies exhib-
ited higher quality than the untreated
control in July when averaged over
ET, irrigation replacements (Fig. 1A).
In September, regardless of applica-
tion rate, Civitas sprayed at a 2-week
application interval resulted in higher
quality than the 3-week application
frequency and the untreated control.
In October, the best turf quality was
observed on plots treated with Civitas
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at 8.5 0z/1000 ft* every 2 weeks.
Treating bermudagrass with Civitas at
8.5 0z,/1000 fi* every 2 weeks resulted
in acceptable quality for 5 months when
data were averaged over ET, irrigation
replacement. Differences in turf quality
of bermudagrass were only observed in
October when comparing application
rates at the 2-week application fre-
quency. The two irrigation replace-
ments (55% vs. 65% ET,) exhibited
no effects on turf quality (Table 2).
Civitas treatments in 2019 also
improved turf color. In July, Civitas
improved turf color across all applica-
tion rates and frequencies compared
with the untreated control (Fig. 1B).
By September, biweekly applications
of Civitas at 8.5 0z/1000 ft* en-
hanced turf color compared with the
4.5 0z/1000 ft* rate, and both rates

outperformed the untreated control.
However, applying Civitas every 3 weeks
at 8.5 0z/1000 f? had no effect on
color compared to the untreated con-
trol. In October, Civitas applied bi-
weekly at 8.5 0z,/1000 ft* resulted in
the best turf color, followed by 4.5
0z,/1000 ft* applied biweekly. The
3-week application frequency with
8.5 0z,/1000 ft> was less effective
than biweekly applications but still
outperformed the untreated control.
Across all Civitas treatments, the higher
irrigation replacement (65% ET,)
improved turf color in August and
September (Fig. 2A).

In 2020, turt quality was compa-
rable between biweekly applications of
Civitas at 8.5 oz and 4.5 0z,/1000 ft?
and was significantly higher than the
untreated control when averaged

Horflechnology + April 2025 35(2)
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Fig. 3. Turf quality (A), color (B), and dark green color index (C) of ‘Tifway I’
bermudagrass treated with Civitas at different rates and frequencies in 2020,
Riverside, CA, USA. Results are pooled across two evapotranspiration irrigation
replacements, five months, and four replicates. 10z,/1000 ft*> = 0.000318 L/m>.

across ET,, level, months, and repli-
cates (Fig. 3A). Additionally, turf
quality was consistently higher in
August, September, and October un-
der the 65% ET, replacement com-
pared with the 55% ET, replacement
(Fig. 4A). In terms of turf color, both
Civitas treatments (8.5 and 4.5 oz/
1000 ft*) applied biweekly significantly
improved color compared with the
untreated control in 2020, regard-
less of irrigation replacement or month
(Fig. 3B). The higher irrigation replace-
ment (65% ET,) also enhanced turf

Horllochnology * April 2025 35(2)

color in August, September, and
October (Fig. 4B).

NDVI, VWC, and SMV

Regardless of ET, irrigation re-
placement, Civitas treatment exhib-
ited no effect on NDVI in both years.
Irrigation replacement at 65% ET,
improved NDVI ratings in August,
September, and October in both years
(Figs. 2B and 4C). Similar to NDVI,
Civitas treatment did not affect VWC in
either years. The higher ET, irrigation

replacement improved VWC from July
to October in both years (Figs. 2C
and 4D). In 2019, the higher ET,, ir-
rigation replacement increased SMV
from August to October regardless
of the Civitas treatment (Fig. 2D),
whereas the ET, irrigation replace-
ment had no impact on SMV in 2020
(data not shown).

PGC

In 2019, when averaging PGC
over ET,, Civitas applied every 2 weeks
at either rate enhanced PGC compared
with the untreated control in Septem-
ber (Fig. 1C). In October, the 2-week
application frequency at both rates of
Civitas treatments exhibited higher
PGC followed by the 3-week applica-
tion frequency, with all Civitas treat-
ments outperforming the untreated
control. In 2020, no differences were
observed between any Civitas treat-
ment and the untreated control (data
not shown). Regardless of the Civitas
treatment, the 65% ET,, irrigation re-
placement exhibited higher PGC in
August and September in 2019 (Fig.
2E) and September and October in
2020 (Fig. 4E).

DGCI

In Jul 2019, plots treated with
Civitas every 2 weeks at 8.5 0z,/1000
ft® had higher DGCI compared with
the untreated control (Fig. 1D). In
August, Civitas applied at 4.5 oz/
1000 ft* every 2 weeks exhibited su-
perior DGCI than Civitas applied at
8.5 0z/1000 ft* every 3 weeks. In
September, Civitas applied at the 2-week
frequency at both rates resulted in
higher DGCI compared with the other
treatments. In October, the highest
DGCI was observed in plots treated
with Civitas at 8.5 0z,/1000 ft* every
2 weeks, followed by those treated at
4.5 0z/1000 ft? every 2 weeks, and
then by plots treated at 8.5 0z,/1000 ft*
every 3 weeks. All treatments were bet-
ter than the untreated control. The irri-
gation replacement had no impact on
DGCI in 2019 (data not shown). In
2020, regardless of irrigation replace-
ment, Civitas applied every 2 weeks
at 8.5 or 4.5 0z/1000 ft?enhanced
DGCI, compared with the untreated
control (Fig. 3C). Impacts of irrigation
replacement only occurred in September,

where 65% ET,, irrigation replacement
enhanced DGCI (Fig. 4F).
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Fig. 4. Turf quality (A), color (B), normalized difference vegetation index (C), volumetric water content (D), percent green cover
(E), and dark green color index (F) of ‘Tifway I’ bermudagrass irrigated at either 55% or 65% reference evapotranspiration (ET,)
replacements in 2020, Riverside, CA, USA. Results are pooled across three Civitas treatments, the untreated control, and four
replicates. Asterisks (*) above the treatments indicate significant differences among the means. LSD = least significant difference.

Discussion

Drought conditions have increas-
ingly posed challenges for turfgrass
management by limiting irrigation avail-
ability. This study highlights the positive
impact of Civitas in enhancing turfgrass
quality in deficit-irrigated bermudagrass,
demonstrating its potential as a valuable
tool for maintaining healthy turf under
water-limited conditions. The effects of
Civitas on improving turf quality under
drought conditions have also been ob-
served in zoysiagrass (Zoysia spp.)
and bermudagrass, particularly at
low nitrogen levels (Diesburg et al.
2014). Similarly, Nissen et al. (2013)
has reported that ‘Palisades’ zoysiagrass
(Zoysia japonica Stued.) maintained ac-
ceptable quality and density at 36% ET,,
throughout summer when treated with
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Civitas in Texas. In Europe, studies
conducted on different putting greens
showed up to 77% quality improve-
ment with Civitas applied at 54 L-ha™*
(17 0z,/1000 ft*) (Aamlid et al. 2018).
Although other research has reported
phytotoxicity on cool-season turfgrass
associated with Civitas (Kreuser and
Rossi 2014), such effects were not ob-
served in either year of this study.

The 3-week application interval
tested in this study showed reduced ef-
ficacy on deficit-irrigated bermudagrass
in 2019. This decline may have been
attributed to the degradation of the
mineral oil and/or the pigment or the
pigment being removed through mow-
ing. The highest overall efficacy of Civi-
tas against drought in this study was
observed at a rate of 8.5 0z,/1000 ft*

applied every 2 weeks. However, the dif-
ferences between the 4.5 and 8.5 oz/
1000 ft* were not significant. The aver-
age temperature in 2020 was higher
than in 2019, which may have acceler-
ated the degradation and volatilization
of the mineral oil and/or pigment.
This could explain the lack of signifi-
cant differences between the two appli-
cation rates during that year. Although
the maximum label rate for this prod-
uct is 17 0z,/1000 ft, this study aimed
to identify a cost-effective approach for
product application.

Additionally, the 3-week applica-
tion interval did not consistently align
with the rating dates for Civitas appli-
cations. As the effects of the pigment
gradually wane, earlier ratings often
captured more favorable results. To
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account for the potential influence of
timing on both applications and rat-
ings, we averaged the monthly data.
However, the application schedules may
still have affected the recorded outcomes.

In our study, Civitas improved
turf color in both years. The applica-
tion rate of 8.5 0z,/1000 ft* demon-
strated better overall turf color compared
with the 4.5 02,1000 ft® rate in one of
the years. Aamlid et al. (2018) reported
comparable results on several putting
greens evaluated in November in Nor-
dic countries. The pigment in Civitas,
Harmonizer, is a polychlorinated cop-
per II phthalocyanine pigment that
produces a stable blue-green color
(Nash 2011). This pigment has been
associated with masking injury ef-
fects (Ervin et al. 2004), likely con-
tributing to improved turf quality and
color. The pigment may improve the
aesthetics of yellowing turf under
drought conditions. However, Civitas
did not influence NDVI readings, indi-
cating that the pigment does not alter
the spectral response of the plants. Ad-
ditionally, Civitas had no measurable
impact on soil moisture levels at the
first 3 inches of soil. Despite this,
bermudagrass treated with Civitas
showed improvements in green cov-
erage percentage and DGCI in both
years of the study.

Civitas improved quality under re-
duced water were promising: bermuda-
grass treated with Civitas maintained
acceptable quality (6 or above) through-
out most of the growing season while
receiving 10% or 20% less water, partic-
ularly at the application rate of 8.5 oz/
1000 ft* biweekly. This demonstrates
that turfgrass managers could potentially
save up to 20% on irrigation water com-
pared with the average maximum con-
sumptive water used by bermudagrass,
as reported by Colmer and Barton
(2017). The water-reducing benefits of
Civitas were comparable to some of the
top-performing wetting agents tested by
Xiang et al. (2021). Additionally, Civitas
offers further advantages, such as im-
proved color and pest control.

Conclusion

In this study, the effects of Civitas
on deficit-irrigated bermudagrass were
assessed by determining turf quality,
color, NDVI, VWC, SMV, PGC, and
DGCI. Depending on the environmen-
tal conditions, we found that in 2019,
the benefits of Civitas were reduced or
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eliminated due to chemical breakdown
or pigment being mowed off before
subsequent applications when applied
every three weeks. In contrast, Civitas
applied every 2 weeks, regardless of the
rate, consistently demonstrated positive
effects on deficit-irrigated bermuda-
grass in Riverside, CA, USA. Although
Civitas applied at 8.5 0z,/1000 fi> of-
ten promoted better turf characteristics
than the 4.5 0z,/1000 ft* rate in some
instances, the overall differences were
minimal. For turf managers operating
on a limited bud%et, applying Civitas at
4.5 0z,/1000 ft” may yield compara-
ble results to the higher rate tested
in this study. Future research should
focus on understanding the mecha-
nisms underlying Civitas’ drought resis-
tance, including its potential impact on
root development, and should consider
comparing a pigment-only treatment.
At this stage, turfgrass managers may
achieve multiple objectives by using Civ-
itas, including enhancing turf quality
and alleviating certain pest issues.
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