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ABSTRACT

The importance of soil organic matter for Tomarus subtropicus Blatchley larval development
and survival, the amount of damage larvae could cause on turfgrasses, and potential larval
host range were investigated in greenhouse experiments. First instars were reared individ-
ually in seedling trays containing sand or peat, with or without St. Augustinegrass. Sur-
vival, developmental stage, and final weight were recorded 1 month after introduction. First
instars died in the pots with peat but no grass, so it appears that grass roots were critical for
larval growth and development. Soil organic matter did not significantly affect grub weight
gain and development, but more root loss occurred with grass grown in sand. In host range
tests (2005 and 2006), first and third instars were reared on 6 species of warm season
grasses and ryegrass. Grub weight gain, development, survival and grass root reduction
were determined 2 months after introduction. Larval survival ranged from 62-93% if grubs
were reared on warm season grasses to only 40% if reared on ryegrass. Grubs reared on
warm season grasses gained weight and successfully developed into third instars, indicating
that all of the tested warm season turfgrasses were suitable for larval T. subtropicus growth
and development. Grub feeding caused significant root reduction of all grasses in our study,
which ranged from 36 to 87% and differed among grass species. As result, quality ratings
and clipping yields decreased for most of the turfgrasses after 5 weeks of infestation, but ba-
hiagrass and seashore paspalum were less affected by T. subtropicus root feeding, compared
to the other grass species.
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RESUMEN

La importancia de materia orgédnica en el suelo para el desarrollo y sobrevivencia de larvas
de Tomarus subtropicus Blatchley, la cantidad de dafo que las larvas puedan causar en el
césped y el rango potencial de hospederos por las larvas fueron investigados en experimentos
realizados en invernaderos. Se criaron los primeros instares individualmente en bandejas
usadas para plantillas con arena o turba y con o sin el césped San Augustin. El sobreviven-
cia, el estadio de desarrollo y el peso final fueron anotados 1 mes después de la introduccion.
Los primeros instares murieron en las macetas con turbo y sin grama, esto parece indicar
que las raices de grama son basicas para el crecimiento y desarrollo de las larvas. La materia
orgénica del suelo no afecto el aumento en el peso y el desarrollo de las larvas, pero hubo una
mayor pérdida de las raices de la grama sembrada en arena. En pruebas del rango de los hos-
pederos (2005 y 2006), se criaron los primeros y terceros instares sobre 6 especies de grama
de la estacion cdlida y sobre centeno. Se determinaron el aumento en el peso de las larvas,
el desarrollo, la sobrevivencia reduccién en las raices de la grama 2 meses despues de la in-
troduccién. El sobrevivencia de las larvas fue entre 62-93% en las larvas criadas sobre
grama de la estacién cédlida y solo 40% en larvas criadas sobre centeno. Las larvas criadas
sobre grama de la estacion cdlida aumentaron en peso y se desarrollaron exitosamente en
instares de tercer estadio, que indica que todas las clases de grama de la estacién cédlida pro-
badas fueron apropiadas para el crecimiento y desarrollo de larvas de 7. subtropicus. En
nuestro estudio, la alimentacién de las larvas caus6 una reduccién significativa de las raices
de 36 a 87% y varian entre las especies de grama. Como un resulto, el indice de la calidad y
el rendimiento de las cortadas de grama diminuyé6 para la mayoria de las clases de grama
después de 5 semanas de infestacion, pero el césped Bahia y el paspalum costero fueron me-
nos afectados por la alimentacién de 7. subtropicus sobre las raices, comparados con las otras
especies de grama.

Tomarus subtropicus Blatchley is a destructive  Coasts, but is also distributed along coastal Ala-
turfgrass pest along Florida’s Gulf and Atlantic bama, Georgia, South Carolina, and North Caro-
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lina (Cartwright 1959). As with other grub spe-
cies, T. subtropicus grubs directly damage turf by
their root-feeding and tunneling behaviors
(Ritcher 1966; Tashiro 1987; Braman & Pendley
1993). This pest is univoltine, with eggs present
from late Jun to early Aug, first instars from Jul
to Aug, second instars from Aug to Sep, and
mostly third instars from Oct to Feb in Florida
(Kostromytska & Buss 2008). Tomarus subtropi-
cus attacks the roots of sugarcane (Saccharum
spp.) (Gordon & Anderson 1981), St. August-
inegrass (Stentaphrum secundatum (Walt.
Kuntze)) (Kostromytska & Buss 2008), and ber-
mudagrass (Cynodon dactylon (L.)) (Summers
1974; Reinert 1979; Prewitt & Summers 1981),
resulting in crop yield loss and large patches of
dead turfgrass. Its potential to feed on and injure
other warm season turfgrasses has not been as-
sessed. Tomarus subtropicus grubs also feed on
plant roots in ornamental plant beds, and cause
plant dieback (E. Buss, personal observation).

White grub feeding habits vary depending on
the species. Some species (e.g., Cotinis nitida L.)
obtain nutrients from soils high in organic matter
(Brandhorst-Hubbard et al. 2001), while others
need live plant roots (e.g., Popillia japonica New-
man, Rhizotrogus majalis (Razumowsky), Cyclo-
cephala spp., Phyllophaga spp.). Some scarab spe-
cies consume soil organic matter as first instars,
then switch to live roots in later instars (Litsinger
et al. 2002). The larval feeding habits of T. sub-
tropicus have not been clearly described. Tomarus
subtropicus females oviposit and their offspring
develop in soil with a high organic matter content
(e.g., muck soil in sugarcane fields) (Cherry & Co-
ale 1994), but they also survive and develop in
sandy soils with low organic matter in residential
environments (Kostromytska & Buss 2008).

Because the urban landscape is a complex sys-
tem with many plant species, understanding the
feeding preference of key pests helps to explain
pest distribution, abundance, and damage related
to feeding, and can affect the management strat-
egies used against them. We conducted no-choice
tests to assess the effect of soil organic matter on
T. subtropicus survival and development, and to
determine which other warm season turfgrasses
could be hosts for 7. subtropicus grubs.

MATERIALS AND METHODS

Effect of 2 Soil Types on First Instars

A no-choice test with a nutrient-poor soil
(sand) and an organic soil (Black Velvet peat
(Black Gold Compost Co., Oxford, Florida)) was
conducted from dJul to Aug 2005 to evaluate T.
subtropicus larval growth and survival. The roots
of ‘Palmetto’ St. Augustinegrass plugs were
washed, and grass plugs were replanted into the
seedling tray cells (8 x 8 x 8 cm) with either sand
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or peat (48 cells for each growing media). Another
24 cells were filled with peat, but no grass. Grass
was maintained in the greenhouse for 2 weeks be-
fore the experiment. Cells were arranged in a ran-
domized complete block design.

Adult T. subtropicus were collected from in-
fested St. Augustinegrass lawns in Punta Gorda
(Charlotte County) and Fort Myers (Lee County),
Florida, and held in the laboratory to obtain eggs
and young larvae (Kostromytska 2007). Grubs (2-
6 d old; mean weight: 0.028 + 0.002 g) were ran-
domly assigned to the following treatments: peat
only, peat and grass, or sand and grass (24 repli-
cates or cells for each). Cells of grass planted in
sand or peat (24 cells of each) were uninfested
controls. Individual first instars were placed in a
depression (2.5 cm deep, 0.7 cm in diameter)
made in the center of each cell and covered with
soil. Each cell was provided 30 mL of water daily.
After 1 month, cells were visually inspected, and
surviving grubs were weighed. Grass roots were
washed with a #10 sieve, oven-dried in paper bags
for 48 h at 55°C, and root dry weights were re-
corded. Data were analyzed by an ANCOVA (SAS
Institute 2004) with soil type as a factor, post-
treatment grub weight as a dependent variable
and initial grub weight as a covariate. A two-way
ANOVA was also conducted with soil type and
grub presence as factors and dry root weight as a
dependent variable. Tukey’s HSD test was con-
ducted for mean separation.

Survival and Growth of Third Instar T subtropicus
Reared on Different Turfgrass Species

Six warm season and 1 cool season turfgrasses
were evaluated as possible hosts for 7. subtropi-
cus grubs. Tested grasses included Palmetto St.
Augustinegrass, ‘Tifway’ bermudagrass (C. dacty-
lon x transvaalensis Burtt-Davy), Empire’ zoysia-
grass (Z. japonica Steud.), common centipede-
grass (Erimochloa ophiuroides (Munro) Hack),
‘Pensacola’ bahiagrass (Paspalum notatum
Flugge), ‘Sea Dwarf’ seashore paspalum
(Paspalum vaginatum Swartz), and ‘Gulf” annual
ryegrass (Lolium multiflorum Lam.). Thirty plugs
(15 cm diameter) of each warm season grass spe-
cies were obtained from the University of Florida
Plant Science Unit in Citra (Marion County),
Florida, in Aug 2005. Soil was washed off the
roots and the grass plugs were planted with Fa-
Fard mix #2 (Conrad Fafard, Inc., Agawam, Mas-
sachusetts) in plastic pots (15 cm diameter). An-
nual ryegrass was seeded at a rate of 0.05 kg/m®.
Grass was watered daily and fertilized monthly
with 24.4 kg of N per ha during 2 months of estab-
lishment. Pots were arranged in a randomized
complete block design in the greenhouse.

Initial grub weights were obtained, then 1 re-
cently molted (<7 d old) third instar was put in a
shallow depression on the soil of each of 15 pots
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for each turfgrass species. Grubs that failed to dig
into the soil within 10 min were replaced. Larval
survival, weight, and weight gain were deter-
mined after 8 weeks. Daylight was supplemented
with lights to provide a photoperiod of 16:8 h
(L:D) and the average ambient greenhouse tem-
perature was ~23.4°C. Pots were watered with
150 mL of tap water every other day. Each turf-
grass species was maintained at its recommended
height (Turgeon 2002): 1.3 cm for seashore
paspalum, 2.5 cm for bermudagrass, 5.1 cm for
centipedegrass and zoysiagrass, and 7.6 cm for
annual ryegrass, St. Augustinegrass and bahia-
grass. To assess the amount of feeding damage,
grass clippings were collected weekly and fresh
weights were taken within 2 h. Clippings were
then oven-dried for 48 h at 55°C, and weighed. Af-
ter 8 weeks of infestation, grass roots were cut
within 2 mm of the plant crown, washed with a
#20 sieve, oven-dried for 48 h (55°C), and dry root
weights were recorded.

Tomarus subtropicus Neonate Survival, Growth and
Development on 6 Warm Season Grasses

The warm season turfgrass species noted in
the previous section were tested as potential
hosts for T. subtropicus larvae in a greenhouse ex-
periment in 2006. Grass plugs were planted into
10-cm plastic pots with native soil (94% sand, 4%
clay, 2% silt and 1.6% organic matter), and al-
lowed 2 months to establish. First instars (1-3 d
old) were weighed immediately before being indi-
vidually placed in a hole (8 mm diameter, 5 cm
deep) in the soil of each pot, and were covered
with soil. Grass was watered daily as needed and
fertilized weekly (0.6 kg of N per ha, Miracle
Gro® Scotts Miracle-Gro Products Inc., Marys-
ville, OH). Four replicates per grass species were
arranged and each replicate included 6 infested
and 6 uninfested control pots. Grubs were re-
moved from the pots after 8 weeks, and larval sur-
vival, weight, and head capsule width were deter-
mined. Grass clippings were collected and pro-
cessed weekly, as previously described. Grass
color and density were visually assessed on a
scale from 1 (yellow, sparse) to 9 (dark green, very
dense) and total grass quality was calculated by
averaging the two scores. After the grubs were re-
moved, grass roots were cut to within 2 mm of the
plant crown, washed with a #20 sieve, and placed
in paper bags. The remaining plant parts were
collectively placed into paper bags, and oven-
dried for 48 h (565°C). Dry root weight and dry to-
tal plant yield were recorded.

Statistical Analysis

The correlation between initial and final grub
weights was tested before analysis. If the 2 vari-
ables were significantly correlated, the ANCOVA
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GLM procedure (SAS Institute 2004) was used to
analyze the effect of turf species on grub final
weight with a correction for initial weight for all
experiments. Percent of root reduction was calcu-
lated as averaged root weights of controls minus
root weights of infested plants and divided by av-
eraged weights in controls. Analysis of variance
(GLM procedure, SAS Institute 2004) was used to
determine the effect of turf species on the percent-
age of grub survival and development, and effect
of grub presence on dry root weight. Proportion
data were arcsine square root transformed before
analysis. Clipping weights and grass quality rat-
ings were analyzed by a repeated measure analy-
sis (SAS Institute 2004) with time as a repeated
within-group factor and grub presence as a be-
tween-group factor. Means were separated by
Tukey’s HSD.

RESULTS AND DISCUSSION

Effect of 2 Soil Types on First Instars

Tomarus subtropicus grubs fed on live St. Au-
gustinegrass roots, regardless of soil type, in this
test. Two grubs (8%) that were reared on peat
without grass survived, but they remained first
instars, and all other grubs in this treatment
died. All grubs provided with St. Augustinegrass
roots, regardless of soil type, were second instars
when the test was evaluated. Grub survival to the
second instar when reared on peat with grass was
83%, and 75% when reared on sand with grass.
Tomarus subtropicus body weights were statisti-
cally similar when grubs were reared on grass
grown in peat (0.87 = 0.07 g) or grass grown in
sand (0.74 = 0.08 g).

Grub feeding significantly reduced St. August-
inegrass dry root weight compared to uninfested
cells, regardless of soil type (F' = 156.66;df = 1, 85;
P <0.0001). Uninfested pots had statistically sim-
ilar dry St. Augustinegrass root weights (1.24 =
0.06 g in peat; 1.17 + 0.06 g in sand). The final dry
root weight of infested grass grown in sand (0.31
+ 0.05 g) was significantly lower than in infested
grass grown in peat (0.59 + 0.05 g) (F' = 4.59; df =
1, 85; P = 0.03), indicating that more root her-
bivory may have occurred in the pots with sand.

Peat, like muck soil, is an organic soil, consist-
ing of poorly decomposed animal and plant rem-
nants (Brown 2009) with organic matter content
ranging from 40 to 80% (Andriesse 1988; Litaor et
al. 2005; Kechavarzi et al. 2010) which can pro-
vide nutrients (e.g., carbon, nitrogen, sulfur, and
phosphorous) to plants and soil fauna (Andriesse
1988; Killham 1994). Although the nutrient con-
tent of the soils or turfgrass were not measured in
our test (fertilization and irrigation were consis-
tent across all treatments), it is possible that the
peat provided additional nutrients to the grass,
which could lead to either more efficient grub
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feeding or increased compensatory plant growth
(Radgcliffe 1970; Brown and Gauge 1990; Steinger
& Miiller-Scharer 1992; Sparling et al. 2006). In
addition, grubs may, while feeding on grass roots,
acquire additional nutrients when ingesting soil
with greater organic matter content (Seastedt
1985; Brown & Gange 1990), and thus cause less
root damage. The tendency for insects to consume
more of a nutritionally inferior food to overcome
the lack of needed nutrients has been docu-
mented for many taxa (King 1977; Yang & Joern
1994; Obermaier & Zwolfer 1999; Berner et al.
2005).

Survival and Growth of Third Instar T subtropicus
Reared on Different Turfgrass Species

Third instar initial weights (1.97 + 0.08 g) were
statistically similar among treatments (F = 0.71;
df = 6, 76; P = 0.64). However, initial and final
grub weights were significantly correlated (Pear-
son’s r = 0.37, P = 0.001) and were included as co-
variates in the analysis. Final grub weight dif-
fered statistically among grasses (Table 1). Third
instar weights when reared on ryegrass (1.96 +
0.2 g) and bermudagrass (2.1 = 0.2 g) were signif-
icantly lower than grub weights on any of the
other grasses tested (F' = 8.51; df = 6, 76; P <
0.0001). However, 66.7% of the grubs survived on

167

bermudagrass and only 40% survived on
ryegrass. Analysis of grass dry root weight with
and without grubs indicated that there was a sig-
nificant root reduction in all pots with warm sea-
son grasses, but not in the pots with ryegrass
(Fig. 1). These data suggest that ryegrass was a
poor larval host for T subtropicus. Annual
ryegrass was the only C, grass included in the
test. C, grasses typically are more beneficial nu-
tritionally to herbivores than C, grasses (Barbe-
henn & Bernays 1992), however physical proper-
ties could be a key factor for herbivore host selec-
tion (Scheirs et al. 2001). Suitability of annual
ryegrass as a host for 7! subtropicus larvae may
be affected by the physical structure of the grass
root system. Numerous ryegrass fine roots cre-
ated a dense mesh through the entire pot, which
may have reduced grub movement. At evaluation,
live grubs in ryegrass pots were in soil chambers
that were located near pot walls and not more
than 5 cm deep. In contrast, the other grasses had
thick main roots from which roots branched closer
to the pot walls and bottom, and grubs were often
found in the center of the pots at different depths.

Grass leaf growth changed differently among
grass species over time (summarized statistics
are in Table 2). For St. Augustinegrass, the
main effect of grub presence and the interaction
of grub feeding with time were significant. On

TABLE 1. LARVAL T. SUBTROPICUS SURVIVAL AND GROWTH ON DIFFERENT GRASS SPECIES AND ASSOCIATED ROOT RE-

DUCTION IN 2005 AND 2006.

% Grub Initial grub weight Final grub weight Proportional Root reduction
Grass species survival (g + SEM) (g + SEMY weight gain® (% = SEM)
2005
Bahiagrass 93.3 £6.7 1.8 £0.2a 3.05 = 0.2b 1.8+0.1a 27.4 + 8.8bc
Bermudagrass 66.7 = 6.7 1.7+0.2a 2.10 = 0.2a 1.1 £0.3ab 64.9 + 3.2a
Centipedegrass 66.7 £ 24.0 1.9+0.3a 3.43 £ 0.2b 2.1+0.3a 60.5 £ 4.9a
Ryegrass 40.0 £ 0.0 2.2+0.7a 1.96 + 0.2a 1.0 £0.1b 17.2 +4.9¢
Seashore paspalum 86.7 = 6.7 2.1+0.2a 3.57 +0.2b 1.8+0.1a 49.1 = 9.1ab
St. Augustinegrass 66.7 = 6.7 2.2 +0.2a 3.18 + 0.1b 1.4 +0.1a 52.2 = 7.7ab
Zoysiagrass 86.7 £ 6.7 2.0 £0.1a 3.04 £ 0.1b 1.8 +0.2a 55.3 + 6.4ab
2006
Bahiagrass 79.3 7.9 0.028 = 0.002a 2.62 £ 0.2abc  103.7 = 11.2abc  48.1 = 4.6bc
Bermudagrass 66.8 £ 6.7 0.034 + 0.003a 2.20 £ 0.2¢ 69.6 + 8.3c 87.5 +4.6a
Centipedegrass 91.5+49 0.030 = 0.002a 2.43 = 0.2bc 87.6 = 0.7bc 36.3 = 4.2¢c
Seashore paspalum 62.5 + 10.5 0.031 = 0.003a 3.35+0.2a 126.2 + 15.6a 60.8 + 4.6ab
St. Augustinegrass 87.3+4.3 0.033 + 0.002a 2.62 = 0.2abc 92.2 + 7.9abc 65.0 = 6.8ab
Zoysiagrass 70.8+7.9 0.030 = 0.002a 3.13 £ 0.1ab 114.3 + 8.7ab 80.9 + 2.8a

'Initial grub weight was not significantly different among treatments at o = 0.05 (2005: F = 1.64; df = 6, 69; P = 0.15 and 2006:

F=184;df=5,143; P = 0.11).

*Means within columns with different letters are statistically different at o= 0.05 (2005: F = 8.51; df = 6, 76; P < 0.0001 and 2006:

F = 5.04; df = 5, 109; P = 0.0004).

*Proportions were calculated by dividing the final weights by initial weights. Means within columns with different letters are
statistically different at o = 0.05 (2005: F = 3.89; df = 6, 76; P = 0.002 and 2006: F' = 3.95; df = 5, 109; P = 0.0026).
‘Means within columns with different letters are statistically different at o = 0.05 (2005: F = 6.32; df = 6, 105; P < 0.0001 and

2006: F = 16.52; df = 5, 111; P < 0.0001).
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Fig. 1. Reduction of root mass caused by third instar
T subtropicus feeding, 2005. Means marked with differ-
ent letter are different at a = 0.05 (F = 39.51;df =1, 130;
P <0.0001)

average, clippings collected from the infested
pots weighed less than clippings from unin-
fested control pots, and this difference in-
creased over time. For bahiagrass, bermuda-
grass, and centipedegrass the main effect of
grub presence was significant, whereas the in-
teraction between grub presence and time was
not significant. Clipping yield of these grasses
changed significantly over time in all pots, but
uninfested pots on average yielded more clip-
pings. For zoysiagrass, the main effect of grub
presence was not significant although the main
effects of time and the interaction of time and
grub presence were significant. Thus, decrease
in clipping weight over time was more pro-
nounced in the pots with grubs. Only the main
effect of time was significant for ryegrass and
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seashore paspalum, so grass growth changed
over time, but variation of clipping yield was
not related to grub presence.

Tomarus subtropicus Neonate Survival, Growth, and
Development on 6 Warm Season Grasses

On average, 76.3% of grubs survived across
treatments and 70.8% of all (94% of survivors)
grubs reached the third instar (Table 1). Percent-
age survival, percent of grubs that reached the
third instar, and head capsule width did not differ
among the grasses (F = 1.64; df = 5, 23; P = 0.20;
F=217;df=5,23;P=0.10;and F = 1.73; df = 5,
109; P = 0.13).

Mean initial first instar weight (0.031 + 0.01 g)
did not correlate with mean grub final weight
(2.75 +0.86 g) (r =0.11, P = 0.22), and was not in-
cluded in the analysis as a covariate. Final grub
weight and proportional weight gain differed
among grasses. Similar to the result obtained in
the 2005-experiment, grubs feeding on bermuda-
grass gained less weight (weight gain about 70
times initial weight) when compared to grubs
reared on seashore paspalum (weight gain about
126 times initial weight) and zoysiagrass (weight
gain about 114 times) (Table 1).

Similar to the 2005-experiment, bermuda-
grass appeared to be a poorer host for 7. subtropi-
cus compared to the other warm season grasses.
However, T. subtropicus larvae are reported to
damage bermudagrass (Reinert 1979), so despite
the slower grub growth, this grass may still be an
acceptable host. Reduced grub growth may be in-
fluenced by a smaller root mass in bermudagrass
(grubs consumed on average 87.5% of root mass).

TABLE 2. STATISTICS SHOWING EFFECTS OF TIME, GRUB FEEDING, AND THEIR INTERACTION ON CLIPPING YIELD DURING

AN 8-WEEK PERIOD IN 2005 AND 2006.

Grub feeding Time Time*Grub
Grass species F df P F df P F df P
2005
Bahiagrass 8.50 1,27 <0.01 2.48 7,21 0.05 1.05 7,21 0.43
Bermudagrass 11.22 1,23 <0.01 44.49 7,17 <0.01 1.96 7,17 0.12
Centipedegrass 12.80 1,23 <0.01 3.20 7,17 0.02 1.6 7,17 0.20
Seashore paspalum 3.07 1,19 0.10 20.12 7,13 <0.01 2.57 7,13 0.07
St. Augustinegrass 0.09 1,27 0.76 2.92 7,21 0.03 0.67 7,21 0.74
Zoysiagrass 9.47 1,23 <0.01 1.99 7,17 0.11 2.69 7,17 0.05
2006
Bahiagrass 1.56 1,41 0.22 5.43 7,35 <0.01 1.99 7,35 0.08
Bermudagrass 8.10 1,38 <0.01 5.38 7,32 <0.01 2.47 7,32 0.04
Centipedegrass 4.66 1,44 0.04 6.09 7,38 <0.01 0.36 7,38 0.92
Seashore paspalum 0.30 1, 39 0.59 6.88 7,33 <0.01 0.68 7,33 0.69
St. Augustinegrass 1.49 1,44 0.01 5.38 7, 32 <0.01 2.47 7,32 0.04
Zoysiagrass 4.61 1, 46 0.04 9.48 7,34 <0.01 1.29 7,34 0.28
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Grub movement was also limited, so grubs could
not migrate in search of food after the previous
source had been exhausted.

Grub feeding caused significant root reduction
of all grasses in our study (F' = 70.61; df = 6, 287,
P < 0.0001) (Fig. 2). The percent of root reduction
ranged from 36 to 87% and differed among
grasses (F'=16.52;df=5,111; P <0.01) (Table 1).
However, the total plant yield was reduced only
for bahiagrass and bermudagrass (F' = 22.81; df =
11,287; P = 0.001) (Fig. 3). Root loss does not nec-
essarily reduce aboveground plant growth, and in
some cases, minor root damage can lead to in-
creased or compensatory foliage growth
(Humphries 1958; Seastedt et al. 1988; Brown &
Gange 1990; Bardgett et al. 1999; Blossey &
Hunt-Joshi 2003).

Measurements of grass yield over time demon-
strated that tested grasses responded differently
to T. subtropicus herbivory (statistics are summa-
rized in Table 2). Centipede and zoysiagrass
tended to yield fewer leaf clippings if infested
with grubs, and clipping weights varied over time
(the main effects of infestation and time on clip-
ping yield were significant), but effect of grub
feeding was not significantly stronger with time
(interaction was not significant). The interaction
of the 2 factors was significant for bermudagrass
and St. Augustinegrass, so grub feeding de-
creased clipping yield beginning week 5. Grub
feeding did not affect clipping yield in pots of ba-
hiagrass and seashore paspalum.

Grub feeding reduced the quality ratings for
St. Augustinegrass, bermudagrass, zoysiagrass
and centipedegrass, but not for bahiagrass and
seashore paspalum (statistics are summarized in
Table 3). Differences in grass quality were appar-
ent 4 weeks (St. Augustinegrass, bermudagrass),
6 weeks (zoysiagrass), and 8 weeks (centipede-
grass) after grubs were introduced. Grass crowns

@ Pots with grubs
® Pots without grubs b

Dry root weight, g

Seashore st
pagalum  Angustinegram

Bermudagrass  Contipadegrass Loytingrass

Habiagrass

Fig. 2. Reduction of root mass caused by larval T
subtropicus feeding, 2006. Means marked with different
letters are different at o. = 0.05 (F = 70.61;df = 1, 287; P
< 0.0001)
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Fig. 3. Effect of grub feeding on total plant yield by
warm season grasses, 2006. Means marked with differ-
ent letter are different at a = 0.05 (F = 5.51;df = 1, 253;
P =0.02)

could be pulled easily from the pots with grubs,
but grass remained green in all pots.

Our study demonstrated that 7. subtropicus
can successfully survive and develop on bahia-
grass, bermudagrass, centipedegrass, zoysiagrass
and seashore paspalum, and confirmed that St.
Augustinegrass was an adequate host (Reinert
1979), regardless of soil organic content. Quality
ratings and clipping yields decreased for most of
the turfgrasses after 5 weeks of infestation, but
bahiagrass and seashore paspalum were less af-
fected by T. subtropicus root feeding, compared to
the other grass species. It was previously re-
ported that 3 grubs per 0.1 m® could severely dam-
age bermudagrass (Reinert 1979), but the grasses
in our study could tolerate approximately 5 and
12 third instar grubs per 0.1 m® in 2005 and 2006,
respectively, despite >50% root reduction.

Environmental conditions (temperature, pho-
toperiod, herbivore aboveground grazing or mow-
ing, fertilization, and irrigation practices) can sig-
nificantly affect plant tolerance to root herbivory
in addition to plants characteristics and insect
density (Ladd & Buriff 1979; Seastedt et al. 1988;
Brown & Gange 1990; Potter et al. 1992; Crutch-
field et al. 1995; Crutchfield & Potter 1995; Bra-
man & Raymer 2006). For instance, 4 Japanese
beetle (Popillia japonica Newman) grubs per 15-
cm pot (~20 grubs per 0.1 m®) significantly re-
duced Poa pratensis L. clipping yield in a green-
house study (Ladd & Buriff 1979), but clipping
yield from other field and greenhouse tests was
unaffected by 60-90% root reduction from 40-60
grubs per 0.1 m* and 24-30 grubs per 0.1 m? re-
spectively (Potter et al. 1992; Crutchfield & Potter
1995).

During our experiment, grass was regularly ir-
rigated, and although the roots were dramatically
reduced and crowns could be easily removed from
infested pots, the foliage remained green. Most
third instar-feeding in the field occurs during the
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TABLE 3. STATISTICS SHOWING EFFECT OF TIME, GRUB FEEDING, AND THEIR INTERACTION ON TURFGRASS QUALITY IN

2006.
Grub feeding Time Time*Grub
Grass species F daf P F df P F daf P
Bahiagrass 0.6 1,44 0.44 3.90 7,40 0.15 0.95 7,40 0.43
Bermudagrass 9.08 1,44 <0.01 17.07 7,40 <0.01 5.54 7,40 <0.01
Centipedegrass 5.71 1,44 0.02 13.51 7,40 <0.01 8.66 7,40 <0.01
Seashore paspalum 0.04 1, 44 0.83 4.61 7,40 0.01 0.37 7,40 0.70
St. Augustinegrass 9.08 1,44 <0.01 17.07 7,40 <0.01 5.54 7,40 <0.01
Zoysiagrass 32.23 1,44 <0.01 14.08 7,40 <0.01 9.82 7,40 <0.01

fall (Kostromytska 2007), which coincides with
reduced rainfall and slower warm season turf-
grass growth. Thus, drought and/or other envi-
ronmental stresses during this time, in addition
to root damage by grubs, may more quickly over-
whelm the grass.

ACKNOWLEDGMENTS

We are grateful for the collection sites, assistance,
and cooperation provided by E. McDowell (Tony’s Pest
Control), P. Quartuccio (All-Service Pest Management),
Pest Solutions Plus, N. Palmer (Master Gardener),
Greig Henry, and Trish Wood.

REFERENCES CITED

ANDRIESSE, J. P.1988. Nature and management of trop-
ical peat soils. FAO Soils Bulletin 59. Rome, Italy.
BARDGETT, R. D., COOK, R., YEATES, G. W., AND DEN-
TON, C. S. 1999. The influence of nematodes on be-
low-ground processes in grassland ecosystems.

Plant Soil. 212: 23-33.

BARBEHENN, R. V., AND BERNAYS, E. A. 1992. Relative
nutritional quality of C, and C, grasses for a gramin-
ivorous lepidopteran, Paratrytone melane (Hesperi-
idae). Oecologia 92: 97-103.

BERNER, D., BLANCKENHORN, W. U., AND KOERNER, C.
2005. Grasshoppers cope with low host quality by
compensatory feeding and food selection N limita-
tion challenged. Oikos 111: 525-533.

BLOSSEY, B., AND HUNT-JOSHI, T. R. 2003. Belowground
herbivory by insects: influence on plants and above-
ground herbivores. Annu. Rev. Entomol. 48: 521-547.

BRAMAN, S. K., AND PENDLEY, A. F. 1993. Growth, sur-
vival, and damage relationships of white grubs in
bermudagrass vs. tall fescue, pp. 370-372 In Re-
search and Technical Papers, 7th Intl. Turfgrass Soc.
Res. Conf., 18-24 July, Palm Beach, Florida.

BRAMAN, S. K., AND RAYMER, P. L. 2006. Impact of Jap-
anese beetle (Coleoptera: Scarabaeidae) feeding on
seashore paspalum. J. Econ. Entomol. 99: 1699-
1704.

BRANDHORST-HUBBARD, J. L., FLANDERS, K. L., AND AP-
PEL, A. G. 2001. Oviposition site and food preference
of the green June beetle (Coleoptera: Scarabaeidae).
J. Econ. Entomol. 94: 628-633.

BROWN, R. B. 2009. Soil texture. http:/edis.ifas.ufl.eduw/
$s169. (Last accessed July 20, 2010).

BROWN, V. K., AND GANGE, A. C. 1990. Insect herbivory
below ground. In M. Begon, A. H. Fitter and A. Mac-
fadyen (eds.), Advances in Ecological Research 20: 1-
58. Academic Press Inc., San Diego, California.

CARTWRIGHT, O. L. 1959. Scarab beetles of the genus
Bothynus in the United States (Coleoptera: Scara-
baeidae). Proc. United States Natl. Mus. 108: 515-
540.

CHERRY, R. H., AND COALE, F. J. 1994. Oviposition of
the sugarcane grub, Ligyrus subtropicus (Co-
leoptera: Scarabaeidae) in different soils. J. Agr. En-
tomol. 11: 345-348.

CRUTCHFIELD, B. A., POTTER, D. A., AND POWELL, J.
1995. Irrigation and nitrogen fertilization effects on
white grub injury to Kentucky bluegrass and tall fes-
cue turf. Crop Sci. 35: 1122-1126.

CRUTCHFIELD, B. A., AND POTTER, D. A. 1995. Tolerance
of cool-season turfgrasses to feeding by Japanese
beetle and southern masked chafer (Coleoptera:
Scarabaeidae) grubs. J. Econ. Entomol. 88: 1380-
1387.

GORDON, R., AND ANDERSON, D. 1981. The species of
Scarabaeidae (Coleoptera) associated with sugar-
cane in south Florida. Florida Entomol. 64: 119-138.

HUMPHRIES, E. C. 1958. Effect of removal of a part of the
root system on the subsequent growth of the root and
shoot. Ann. Bot. 22: 251-257.

KECHAVARZI, C., DAWSON, Q., AND LEEDS-HARRISON, P.
B. 2010. Physical properties of low-lying agricultural
peat soils in England. Geoderma 154:196-202.

KiLLHAM, K. 1994. Soil Ecology. Cambridge University
Press. Cambridge, UK.

KING, P. D. 1977. Effect of plant species and organic
matter on feeding behaviour and weight gain of lar-
val black beetle Heteronychus arator (Coleoptera:
Scarabaeidae). New Zealand J. Zool. 4: 445-448.

KOSTROMYTSKA, O. 2007. Seasonal Phenology, Host
Range, and Management of Tomarus Subtropicus
(Coleoptera: Scarabaeidae) in Turfgrass. M.S. thesis,
University of Florida, Gainesville, Florida.

KOSTROMYTSKA, O. S., AND BuUss, E. A. 2008. Seasonal
phenology and management of Tomarus subtropicus
(Coleoptera: Scarabaeidae) in St. Augustinegrass. J.
Econ. Entomol. 101: 1847-1855.

LADD, JR., T. L., AND BURIFF, C. R. 1979. Japanese bee-
tle: influence of larval feeding on bluegrass yields at
two levels of soil moisture. J. Econ. Entomol. 72: 311-
314.

LITAOR, M. 1., REICHMANN, O., HAIM, A., AUERSWALD,
K., AND SHENKER, M. 2005. Sorption characteristics



Kostromytska & Buss: Tomarus subtropicus Host Range

of phosphorus in peat soils of a semi-arid altered
wetland. Soil Sci. Soc. America J. 69:1658-1665.

LITSINGER, J. A., LIBETARIO, E. M., AND BARRION, A. T.
2002. Population dynamics of white grubs in the
upland rice and maize environment of Northern
Mindanao, Philippines. Int. J. Pest Manag. 48:
239-260.

OBERMAIER, F., AND ZWOLFER, H. 1999. Plant quality or
quantity? Host exploitation strategies in three Chry-
somelidae species associated with Asteraceae host
plants. Entomol. Exp. Appl. 92: 165-177.

POTTER, D. A., PATTERSON, C. G., AND REDMOND, C. T.
1992. Influence of turfgrass species and tall fescue
endophyte on feeding ecology of Japanese beetle and
southern masked chafer grubs (Coleoptera: Scara-
baeidae). J. Econ. Entomol. 85: 900-909.

PREWITT, J. C., AND SUMMERS, T. E. 1981. White grubs
of sugarcane in South Florida, pp. 49-50 In Proc. 2nd
Inter-American Sugar Cane Seminar, October 1981,
Miami, Florida. Inter-American Transport Equip-
ment Co., Miami, Florida.

RADCLIFFE, J. E. 1970. Some effects of grass grub (Cost-
elytra zealandica (White)) larvae on pasture plants.
New Zealand J. Agric. Res. 13: 87-104.

REINERT, J. A. 1979. Response of white grubs infesting
bermudagrass to insecticides. J. Econ. Entomol. 72:
546-548.

RITCHER, P. O. 1966. White Grubs and Their Allies, A
Study of North American Scarabaeoid Larvae. Ore-
gon State University Monograph Series 4: 1-219.

171

SAS INSTITUTE. 2004. SAS 9.1.2 Qualification Tools Us-
er’s Guide. SAS Institute, Cary, North Carolina.

SCHEIRS, J., DE BRUYN, L., AND VERNAGEN, R. 2001. A
test of the C3-C4 hypothesis with two grass miners.
Ecol. 82: 410-421.

SEASTEDT, T. R. 1985. Maximization of primary and sec-
ondary productivity by grazers. American Nat. 126:
559-564.

SEASTEDT, T. R., RAMUNDO, R. A., AND HAYES, D. C.
1988. Maximization of densities of soil animals by fo-
liage herbivory: empirical evidence, graphical and
conceptual models. Oikos 51: 243-248.

SPARLING, G. P., WHEELER, D., VESELY, E. T., AND
SCHIPPER, A. 2006. What is soil organic matter
worth? J. Environ. Qual. 35: 548-557.

STEINGER, T., AND MULLER-SCHARER, H. 1992. Physio-
logical and growth responses of Centaurea maculosa
(Asteraceae) to root herbivory under varying levels
of interspecific plant competition and soil nitrogen
availability. Oecologia 91: 141-149.

SUMMERS, T. 1974. Florida sugarcane attacked by white
grubs. Proc. American Soc. Sugar Cane Technol. 3: 124.

TASHIRO, H. 1987. Turfgrass Insects of the United
States and Canada. Cornell University Press, Ith-
aca, New York.

TURGEON, A. J. 2002. Turfgrass Management. Sixth edi-
tion. Prentice Hall, Upper Saddle River, New Jersey.

YANG, Y., AND JOERN, A. 1994. Compensatory feeding in
response to variable food quality by Melanoplus dif-
ferentialis. Physiol. Entomol. 19: 75-82.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [864.000 1296.000]
>> setpagedevice


