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PLANT RESISTANCE

Levels of Tolerance, Antibiosis, and Antixenosis Among Resistant
Buffalograsses and Zoysiagrasses

THOMAS E. EICKHOFF,1,2 TIFFANY M. HENG-MOSS,3 FREDERICK P. BAXENDALE,3

AND JOHN E. FOSTER3

J. Econ. Entomol. 101(2): 533Ð540 (2008)

ABSTRACT The western chinch bug, Blissus occiduus Barber, has been documented as one of the
most serious pests of buffalograss, Buchloë dactyloides (Nuttall) Engelmann, and zoysiagrass, Zoysia
japonica Steudel, grown for turf in midwestern states. Resistance to the western chinch bug has been
identiÞed in both buffalograsses and zoysiagrasses. Choice and no-choice studies were conducted to
determine the categories (antibiosis, antixenosis, and tolerance) of three resistant buffalograsses
(PX3-5-1�, 196�, and 184�) and three resistant zoysiagrasses (El Toro, Emerald, and Zorro). Antibiosis
studies found no signiÞcant differences in survival, nymphal development, or fecundity among the
resistant and susceptible buffalograsses or zoysiagrasses, indicating that antibiosis is not an important
factor in the resistance. Based on chinch bug damage ratings, 184, 196, and PX3-5-1 have comparable
levels of tolerance to the known tolerant buffalograss ÔPrestigeÕ, and Zorro was the most tolerant
zoysiagrass. Choice studies indicated the presence of antixenosis in the buffalograss selection 196 and
the zoysiagrass Emerald.

KEY WORDS plant resistance, chinch bug, turfgrass, Blissus occiduus

The western chinch bug,Blissus occiduusBarber, is an
important insect pest of buffalograss, Buchloë dac-
tyloides (Nuttall) Engelmann, and zoysiagrass, Zoysia
japonica Steudel (Baxendale et al. 1999, Eickhoff et al.
2004). Although insecticides effectively control this
sap-feeding insect, plants with resistance offer an at-
tractive alternative pest management approach be-
cause it provides an efÞcient, economical and envi-
ronmentally responsible approach for effectively
managing pests and diseases. Buffalograsses and zoy-
siagrasses with resistance to B. occiduus have been
identiÞed (Heng-Moss et al. 2002, Gulsen et al. 2004,
Eickhoff et al. 2006), but only limited information is
available on the speciÞc categories (antibiosis, antix-
enosis, and tolerance) of resistance present in these
grasses. Knowledge of the categories of resistance in
these warm-season grasses is critical for preserving
these resistance traits and facilitating development of
appropriate resistance management plans for the
western chinch bug.

Numerous studies have identiÞed differing levels of
resistance to insects among the major turfgrass species
grown in the United States (Baker et al. 1981; Reinert
1982; Reinert and Busey 2001; Ahmad et al. 1986;
Johnson-Cicalese et al. 1989, 1998; Quisenberry 1990;
Braman et al. 1994; Heng-Moss et al. 2002; Rangasamy
et al. 2006), and several researchers have character-

ized the resistance present in these grasses (Smith
1989, Heng-Moss et al. 2003, Rangasamy et al. 2006).
Among turfgrasses identiÞed as resistant, suggested
resistant mechanisms have included increased plant
tolerance due to modiÞcations in plant proteins and
increased oxidative enzyme activity, altered resource
reallocation and greater rhizome number, turf density
and vigor; antibiosis factors involving chemical and
morphological plant defenses that result in insect mor-
tality, reduced oviposition and an extended life cycles;
and antixenosis factors such as pubescence, surface
waxes, and leaf size and width that adversely affect the
behavior of the insect (Baker et al. 1981; Reinert 1982;
Johnson-Cicalese et al. 1989, 1998; Smith et al. 1994;
Heng-Moss et al. 2004, 2006).

Greenhouse experiments conducted to assess the
resistance of selected buffalograsses and zoysiagrasses
to B. occiduus identiÞed the buffalograsses Ô196�, Ô184�,
and ÔPX3-5-1�, and the zoysiagrasses ÔEl ToroÕ, ÔEmer-
aldÕ, and ÔZorroÕ as resistant to B. occiduus (Gulsen et
al. 2004, Eickhoff et al. 2006). Although these buffa-
lograsses and zoysiagrasses have documented chinch
bug resistance, studies were needed to identify the
categories of resistance. Identifying the categories and
levels of antibiosis, antixenosis, and tolerance will con-
tribute to our understanding of the mechanisms un-
derlying the resistance, and potentially expedite the
germplasm screening process. The objectives of this
research were to characterize the categories of B.
occiduus resistance among selected buffalograsses and
zoysiagrasses to enhance our understanding of the
underlying resistant mechanisms.

1 Monsanto Company, Monmouth, IL 61462.
2 Corresponding author, e-mail: thomas.e.eickhoff@monsanto.com.
3 Department of Entomology, University of Nebraska, Lincoln, NE

68583.

0022-0493/08/0533Ð0540$04.00/0 � 2008 Entomological Society of America



Materials and Methods

Choice and no-choice experiments were conducted
to characterize the relative levels of tolerance, anti-
biosis, and antixenosis among three resistant buffa-
lograsses and three resistant zoysiagrasses by using
methods described by Eickhoff et al. (2006).

Tolerance Studies

Buffalograss Tolerance Studies 1 and 2. Two sepa-
rate studies were conducted to document levels of
tolerance among the resistant buffalograsses: 184, 196,
and PX3-5-1. All buffalograsses were compared with
the known resistant and susceptible buffalograsses,
ÔPrestigeÕ and Ô378�, respectively (Heng-Moss et al.
2003). Sod plugs (10.6 cm in diameter by 8 cm in
depth) of Prestige and 378 were extracted from re-
search plots at the John Seaton Anderson Turfgrass
and Ornamental Research Facility (JSA Research Fa-
cility), University of Nebraska Agricultural Research
and Development Center near Mead, NE. Vegetative
clones of the buffalograsses PX3-5-1, 184, and 196 were
obtained from a collection located at Utah State Uni-
versity, Logan, UT. All grasses were vegetatively es-
tablished in the greenhouse in 35- by 50-cm ßats and
provided the vegetative plant material for experi-
ments.

Before initiation of experiments, turfgrasses were
vegetatively propagated by planting individual stolons
of each grass in ÔSC-10 Super CellÕ single cell cone-
tainers (3.8 cm in diameter by 21 cm in depth) (Stu-
ewe & Sons, Inc., Corvallis, OR) containing a potting
mixture of sandÐsoilÐpeatÐperlite in a 2:1:3:3 ratio.
Cone-tainers were placed in 7 by 14 U cone-tainer
trays (Stuewe & Sons, Inc.). Plants were irrigated as
needed, fertilized weekly with a soluble (20NÐ10PÐ
20K) fertilizer, and they were maintained under
400-W high-intensity discharge lamps, with a photo-
period of 16:8 (L:D) h. Grasses were trimmed to the
soil surface �2 wk before initiation of experiments to
ensure all plant material was approximately the same
age at the onset of the experiment.

Buffalograss tolerance studies 1 and 2 were con-
ducted under greenhouse conditions usingB. occiduus
collected from buffalograss research plots at the JSA
Research Facility by vacuuming the soil surface with
a modiÞed ECHO Shred ÔN Vac (model 2400, ECHO
Incorporated, Lake Zurich, IL). Chinch bugs were
held under laboratory conditions (26 � 3�C and a
photoperiod of 16:8 [L:D] h), and they were precon-
ditioned by starving for 24 h before initiation of the
experiment. In total, 10 fourth and Þfth (determined
according to Baxendale et al. 1999) instars of chinch
bugs (sex undetermined) were collected with an as-
pirator and placed on plants in cone-tainers Þtted with
tubular Plexiglas cages (4 cm in diameter by 30 cm in
height). Cage tops were covered with organdy fabric.

The experimental design for both studies was a
completely randomized design with six replications
for study 1, and 10 replications for study 2. Each study
had three replications of uninfested controls. Both

studies were conducted using second-generation
chinch bugs (Baxendale et al. 1999). Studies 1 and 2
were conducted from 30 September to 25 October
2004 and from 4 to 28 October 2005, respectively.

The susceptibility of the turfgrasses to B. occiduus
feeding was measured by visually rating plants for
chinch bug damage. Damage ratings were based on a
1Ð5 scale, where 1, �10%; 2, 11Ð30%; 3, 31Ð50%; 4,
51Ð70% of leaf area with reddish or yellowing discol-
oration, respectively; and 5, �71% or more of leaf area
with severe discoloration or dead tissue (Heng-Moss
et al. 2002). When the mean chinch bug damage rating
of the B. occiduus-susceptible grass (378) reached 4.0
or higher, the contents (soil and grass) of each cone-
tainer were placed in a Berlese funnel (Southwood
1978) for 48 h. Extracted chinch bugs were collected
in 70% ethyl alcohol and counted.
Zoysiagrass Tolerance Studies 1 and 2. Two studies

were conducted to document levels of tolerance
among the resistant zoysiagrasses: El Toro, Emerald,
and Zorro. All grasses were compared with the known
susceptible zoysiagrass ÔMeyerÕ (Eickhoff et al. 2006).
The zoysiagrasses: Emerald, El Toro, and Meyer were
acquired from Turfgrass America (Cleveland, TX).
The zoysiagrass Zorro was obtained from M. C. En-
gelke at Texas A&M University (Dallas, TX). The
procedures in these studies followed those previously
described for buffalograss tolerance studies 1 and 2.
Statistical Analyses. Mixed model analyses (PROC

MIXED, SAS Institute 2002) were conducted to detect
differences in chinch bug damage ratings. When ap-
propriate, means were separated using Fisher least
signiÞcant difference (LSD) procedure.

Antibiosis Studies

Six studies (four with buffalograsses and two with
zoysiagrasses) were conducted to document levels of
antibiosis to B. occiduus. Fecundity, nymphal devel-
opment, and chinch bug survival were used to assess
the levels of antibiosis among the resistant buffa-
lograsses (184, 196, and PX3-5-1) and zoysiagrasses (El
Toro, Emerald, and Zorro). The chinch bug-suscep-
tible 378 and chinch bug-resistant Prestige were in-
cluded in the buffalograss antibiosis studies as con-
trols. The chinch bug-susceptible Meyer was used as
a control in the zoysiagrass studies.
Buffalograss Antibiosis Studies 1 and 2. Two sepa-

rate studies were carried out to assess the long-term
antibiotic effects of the resistant buffalograsses on
chinch bug fecundity. The buffalograsses used in these
studies were acquired from the previously mentioned
sources, and they were vegetatively propagated in
cone-tainers and maintained as described previously.
For these studies, Þrst instar chinch bugs were col-
lected from a buffalograss stand on the University of
Nebraska campus in Lincoln, NE. Before initiation of
these experiments, chinch bugs were maintained on
cone-tainers containing each of the buffalograsses un-
der investigation until they reached adulthood. At the
start of each experiment, one female and one male
chinch bug were introduced on each of the Þve buf-
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falograsses in individual cone-tainers. A tubular, Plexi-
glas cage (4 cm in diameter by 30 cm in height)
provided a barrier to prevent chinch bug escape.

The experimental design was a completely random-
ized design with eight replications per study. Exper-
iments were terminated 36 d after the adults were
introduced, and total number of chinch bug offspring
was recorded.
Buffalograss Antibiosis Studies 3 and 4. Two addi-

tional experiments were conducted to detect antibi-
otic effects of resistant buffalograsses on nymphal de-
velopment and chinch bug survival. Turfgrasses were
obtained, established and maintained as previously
described. In total, 10 newly hatched Þrst instars of
chinch bugs were collected from a buffalograss stand
on the University of Nebraska campus in Lincoln, NE,
and introduced on each cone-tainer of each of the Þve
buffalograsses.

The experimental design for antibiosis studies 3 and
4 was a completely randomized design with eight
replications per study. At the conclusion of these stud-
ies, the contents of each cone-tainer (soil and grass)
were examined for chinch bug presence, and all sur-
viving chinch bugs were counted and age classiÞed
according to Baxendale et al. (1999). Chinch bug sur-
vival and development stages were recorded at 37 and
36 d after chinch bug introduction for studies 3 and 4,
respectively. Study three was conducted from 23 May
to 27 June, 2006, and study four was conducted from
26 May to 29 June 2006.
Zoysiagrass Antibiosis Studies 1 and 2. InsufÞcient

numbers of adult chinch bugs preconditioned on the
appropriate zoysiagrasses were available to conduct
fecundity studies for the resistant zoysiagrasses. How-
ever, two experiments were conducted to detect an-
tibiotic effects of resistant zoysiagrasses, El Toro, Em-
erald, and Zorro on nymphal development and chinch
bug survival. The resistant zoysiagrasses were com-
pared with the susceptible zoysiagrass Meyer.

All grasses used in these studies were obtained,
established and maintained as described previously,
and the experimental procedures were the same as
described for buffalograss antibiosis studies 3 and 4.
Statistical Analyses. Mixed model analyses (PROC

MIXED, SAS Institute 2002) were conducted to detect
differences in the number of offspring produced,
nymphal development, and chinch bug survival (Lit-
tell et al. 1996). When appropriate, means were sep-
arated using Fisher LSD procedure.

Antixenosis Studies

In total, four choice studies (two with buffalograss
and two with zoysiagrass) were conducted under
growth chamber conditions to document chinch bug
preference for selected buffalograsses and zoysia-
grasses.
Buffalograss Antixenosis Studies. Two separate

studies were conducted to documentB. occiduus pref-
erence for the selected buffalograsses (184, 196, and
PX3-5-1). The buffalograsses NE 86-120 and Prestige
were included as controls because NE 86-120 has been

documented to be highly preferred byB. occiduus, and
Prestige has been shown to exhibit low levels of an-
tixenosis (Heng-Moss et al. 2003).

Chinch bugs were collected from buffalograss re-
search plots at the JSA Research Facility near Mead,
NE, as described previously. Chinch bugs were held
under laboratory conditions (26 � 3�C and a photo-
period of 16:8 [L:D] h), and they were preconditioned
by starving them for 24 h before the initiation of the
experiment.

All grasses were obtained, established, and main-
tained in the greenhouse as described previously. In-
dividual plants were removed from cone-tainers,
placed in vials of water and sealed with molten (63 �
2�C) parafÞn wax (Gulf Wax, Royal Oaks Sales, Inc.,
Roswell, GA). Vials with grasses were randomly in-
serted into 1.7-cm-diameter holes drilled in circular
test arenas (16 cm in diameter by 8 cm in depth). A
2-cm band of petroleum jelly was applied to the top
portion of each arena to prevent chinch bug escape.

Twenty-Þve fourth and Þfth instars of chinch bugs
were released in the center of each arena. The number
of chinch bugs on each grass plant was visually doc-
umented at 1, 2, 4, 8, 24, 48, and 72 h after chinch bug
introduction.

All studies were conducted in a growth chamber
maintained at 28 � 2�C under 24-h lighting. The ex-
perimental design for each study was a randomized
complete block design with 10 replications.
Zoysiagrass Antixenosis Studies 1 and 2. Two addi-

tional studies were conducted using three chinch bug-
resistant zoysiagrasses (El Toro, Emerald, and Zorro)
to documentB. occiduus preference for these selected
zoysiagrasses. Again, the resistant zoysiagrasses were
compared with the known susceptible zoysiagrass
Meyer. All grasses used in these studies were obtained,
established, and maintained as described previously,
and the experimental procedures were the same as
described for buffalograss antixenosis studies 1 and 2.
Statistical Analyses. Mixed model analyses (PROC

MIXED, SAS Institute 2002) were conducted to iden-
tify differences in chinch bug preference among the
evaluated grasses. The residuals from the mixed model
analyses were inspected to check model assumptions
of normality and constant variance. No signiÞcant
violations of these assumptions were detected. When
appropriate, means were separated using Fisher LSD
procedure.

Results and Discussion

Tolerance Studies

Buffalograss Tolerance Studies 1 and 2. SigniÞcant
differences (study 1: F � 11.0; df � 9, 35; P � 0.0001;
study 2: F� 10.2; df � 9, 54; P� 0.0001) in chinch bug
damage ratings were detected among the Þve buffa-
lograsses (Table 1). Buffalograss 378 had signiÞcantly
higher damage ratings of 4.5 and 4.0 than the other
genotypes in studies 1 and 2, respectively. These re-
sults demonstrate that 378 is highly susceptible to B.
occiduus feeding, which supports the Þndings of Heng-
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Moss et al. (2002). All grasses tested had signiÞcantly
higher damage ratings than their respective untreated
controls in both studies except for PX3-5-1 in study 2.
However, none of the test grasses were signiÞcantly
different from the known resistant buffalograss Pres-
tige.

The results of these studies indicate the buffa-
lograsses 184, 196, and PX3-5-1 have comparable levels
of tolerance to those of Prestige (NE91-118) as doc-
umented by Heng-Moss et al. (2003). It is important to
note that Heng-Moss et al. (2003) failed to Þnd sig-
niÞcant differences in damage ratings between the
untreated control and Prestige, suggesting that Pres-
tige was highly tolerant. These studies found signiÞ-
cant differences between the resistant buffalograss
and the untreated controls. This inconsistency is likely
due to different infestation levels. Heng-Moss et al.
(2003) introduced six chinch bugs per plant whereas
10 chinch bugs were introduced in these studies.
These experiments conÞrm that even a tolerant grass
can be damaged by chinch bug feeding at a high
enough infestation levels.
Zoysiagrass Tolerance Studies 1 and 2. SigniÞcant

differences (study 1: F � 14.3; df � 7, 28; P � 0.0001;
study 2: F� 8.3; df � 7, 44; P� 0.0001) in chinch bug
damage ratings were detected among the four zoysia-
grass cultivars (Table 2). Meyer was the most suscep-
tible zoysiagrass tested with damage ratings of 3.7 and
3.3 in studies 1 and 2, respectively. There were no

signiÞcant differences in damage ratings between
Meyer and El Toro in either study 1 or 2 or between
Meyer and Emerald in study 2. Damage ratings for
Emerald zoysiagrass were highly variable (2.2 and 3.4)
in these two studies making it difÞcult to determine its
actual level of tolerance. In other studies conducted
by Eickhoff et al. (2006), Emerald has displayed high
levels of tolerance to B. occiduus. Zorro was the most
tolerant zoysiagrass to chinch bug feeding with mean
damage ratings of 2.5 and 2.6, respectively. These dam-
age ratings are comparable with those of Prestige, a
known chinch bug-resistant buffalograss, indicating
Zorro is also tolerant of B. occiduus feeding.

Antibiosis Studies

Buffalograss Antibiosis Studies 1 and 2. No signiÞ-
cant differences (study 1: F� 2.0; df � 4, 27; P� 0.13;
study 2: F � 0.8; df � 4, 27; P � 0.57) in the number
of chinch bug offspring were detected among the Þve
buffalograss cultivars (Table 3). These results indicate
the resistant buffalograsses 184, 196, PX3-5-1 and Pres-
tige did not adversely affect chinch bug fecundity
rates.
Buffalograss Antibiosis Studies 3 and 4. SigniÞcant

differences were detected in the nymphal develop-
ment and survival of B. occiduus on resistant and sus-
ceptible buffalograsses in studies 3 and 4 (Figs. 1 and
2). There were no differences (study 3: F � 1.8; df �
4, 35; P � 0.16; study 4: F � 1.2; df � 4, 35; P � 0.32)
in the number of fourth instars present among buffa-
lograsses in either study 3 or 4. However, there were
signiÞcant differences (study 3: F� 9.7; df � 4, 35; P�
0.0001; study 4: F� 3.0; df � 4, 35; P� 0.03) detected
in the number of Þfth instars of chinch bugs present
in both studies 3 and 4, with the susceptible buffa-
lograss 378 having signiÞcantly higher numbers of Þfth
instars of chinch bugs present than any of the resistant
buffalograsses in study 3, and signiÞcantly more Þfth
instars than Prestige in study 4. No signiÞcant differ-
ences (F� 1.5; df � 4, 35; P� 0.23) were detected in
the number of adults present on the buffalograsses in
study 3. However, in study 4, signiÞcant differences
(F� 5.2; df � 4, 35; P� 0.002) were detected, with the
resistant buffalograss PX3-5-1 having signiÞcantly
more adult chinch bugs than all of the other buffa-
lograsses. No signiÞcant differences (F � 2.6; df � 4,
35; P� 0.06) were detected in chinch bug survival in

Table 1. Comparison of B. occiduus damage ratings between
control and infested buffalograsses (studies 1 and 2)

Buffalograss

Chinch bug damage ratingsa

Study 1 Study 2

Infested Control Infested Control

378b 4.5a 1.0c 4.0a 1.0d
184 3.0b 1.0c 2.5bc 1.0d
196 2.8b 1.0c 2.8b 1.0d
Prestigec 2.7b 1.0c 2.4bc 1.0d
PX3-5-1 2.3b 1.0c 2.0cd 1.0d

Means within columns and rows (within the same study) followed
by the same letter are not signiÞcantly different (P� 0.05; LSD test).
aChinch damage ratings were based on a 1Ð5 scale, where 1, �10%

and 5, �71% damage (Heng-Moss et al. 2002).
b Susceptible buffalograss (Heng-Moss et al. 2002).
c Resistant buffalograss (Heng-Moss et al. 2002).

Table 2. Comparison of B. occiduus damage ratings between
control and infested zoysiagrasses (studies 1 and 2)

Zoysiagrass

Chinch bug damage ratingsa

Study 1 Study 2

Infested Control Infested Control

Meyerb 3.7a 1.0d 3.3ab 1.0c
El Toro 3.0ab 1.0d 3.1ab 1.0c
Zorro 2.5bc 1.0d 2.6b 1.0c
Emerald 2.2c 1.0d 3.4a 1.0c

Means within columns and rows (within the same study) followed
by the same letter are not signiÞcantly different (P� 0.05; LSD test).
aChinch damage ratings were based on a 1Ð5 scale, where 1, �10%

and 5, �71% (Heng-Moss et al. 2002).
b Susceptible zoysiagrass (Eickhoff et al. 2006).

Table 3. Comparison of B. occiduus fecundity on resistant
(Presitge) and susceptible (378) buffalograsses (studies 1 and 2)

Buffalograss
Mean no. of chinch bugsa

Study 1 Study 2

Prestige 40.0a 23.0a
PX3-5-1 37.2a 34.4a
184 23.5a 20.2a
378 17.7a 12.7a
196 15.5a 26.2a

Means within columns (in the same study) followed by the same
letter are not signiÞcantly different (P � 0.05; LSD test).
aMean number of chinch bug nymphs (all stages).
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study 4. However, signiÞcant differences (F� 3.0; df �
4, 35; P� 0.03) were detected between 378 and 184 in
the survival of chinch bugs on the resistant and sus-
ceptible buffalograsses in study 3.

Although signiÞcant differences in nymphal devel-
opment and chinch bug survival were detected in
studies 3 and 4, there was little evidence to suggest
these resistant grasses are adversely affecting chinch
bug development and survival. Relative to nymphal
development, 378 had more Þfth instars of chinch bugs
than the other grasses in both studies. In contrast, all
of the other grasses had more adults than 378. This
suggested a lag in B. occiduusÕ development on 378.
This delayed development may be due to 378 being
highly susceptible to B. occiduus, which may not pro-
vide a high-quality food source sufÞcient for normal
chinch bug development. The data from the survival
studies revealed no signiÞcant differences in B. occid-
uus survival rates in study 4. In study 3, however, 378
had the highest chinch bug survival, but it was only
signiÞcantly different from the resistant buffalograss
184. There were no differences between 378 and Pres-
tige or among Prestige and the other resistant buffa-
lograsses. These studies do not offer any evidence that
the resistant buffalograsses are adversely affecting B.
occiduus survival.

Zoysiagrass Antibiosis Studies 1 and 2. SigniÞcant
differences were detected in the development of B.
occiduus on resistant and susceptible zoysiagrasses in
study one (Figs. 3 and 4). However, there were no
signiÞcant differences (study 1: F� 0.9; df � 3, 28; P�
0.45; study 2:F� 2.5; df � 3, 28;P� 0.08) inB. occiduus
survival among the zoysiagrasses (Fig. 3).

In study 1, there were no signiÞcant differences
detected in the number of third instars (F� 1.0; df �
3, 28; P � 0.43), Þfth instars (F � 0.1; df � 3, 28; P �
0.93), or adults (F� 2.5; df � 3, 28;P� 0.08). However,
signiÞcant differences in the number of fourth instars
(F� 3.14; df � 3, 28; P� 0.04) were detected in study
1. There were no signiÞcant differences among the
zoysiagrasses at any life stage in study 2 (third instar:
F� 1.8; df � 3, 28; P� 0.17; fourth instar: F� 0.5; df �
3, 28; P� 0.69; Þfth instar: F� 0.5; df � 3, 28; P� 0.68;
adults: F � 1.4; df � 3, 28; P � 0.28) (Fig. 4).

Similar to the buffalograsses, there were few signif-
icant differences in nymphal development, and no
signiÞcant differences in chinch bug survival among
the zoysiagrasses in studies 1 and 2. Again, the results
of these studies provide little evidence to suggest that
these resistant grasses are adversely affecting chinch
bug development or survival. The only signiÞcant dif-
ferences detected among the zoysiagrasses were in
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study 1; where Emerald had signiÞcantly more fourth
instars (2.1) than either Zorro, El Toro, or Meyer (0.9,
0.6, and 0.5, respectively). These studies do not pro-
vide convincing evidence that the resistant zoysia-
grasses are affecting B. occiduus survival.

Antixenosis Studies

BuffalograssAntixenosis Studies.Mixed model anal-
ysis detected no signiÞcant differences (P � 0.05)
between the antixenosis studies so the data were
pooled. SigniÞcant differences in chinch bug prefer-
ence were observed among the buffalograsses (F �
2.7; df � 4, 76; P � 0.03) (Fig. 5). The buffalograss
86-120 was consistently the most preferred cultivar
(except at 8 h after introduction) of the grasses tested
which supports the Þndings of Heng-Moss et al.
(2003). The greatest difference in chinch bug num-
bers occurred between 86-120 and 196 at 24 h when
86-120 had �4 times as many chinch bugs present.
86-120 had signiÞcantly more chinch bugs than the
resistantbuffalograssPrestigeat all timesexcept for4h
after introduction. 86-120 also had signiÞcantly more

chinch bugs than 196 at all times (except 4 and 8 h after
introduction), and PX3-5-1 (except for 8 and 48 h after
introduction). The buffalograsses Prestige, PX3-5-1
and 196 were the least preferred of all the buffa-
lograsses throughout the study, and they did not have
statistically signiÞcant differences in chinch bug num-
bers at any time. The buffalograss 184 was the second
most preferred grass at all times except for 8 h after
chinch bug introduction when it was the most pre-
ferred. The buffalograss 184 was not signiÞcantly dif-
ferent from any of the other grasses tested except at
2 h after introduction, when it had signiÞcantly fewer
chinch bugs than 86-120. The buffalograss 184 also had
signiÞcantly more chinch bugs than Prestige at 8 h
after introduction. Results of this study indicates that
B. occiduusprefers 86-120 to Prestige, PX3-5-1 and 196.
Furthermore, the data suggests 196 has comparable
levels of antixenosis as Prestige.
Zoysiagrass Antixenosis Study.Mixed model analy-

sis detected no signiÞcant differences (P � 0.05) be-
tween the antixenosis studies so the data were pooled.
A signiÞcant interaction between zoysiagrass treat-
ment and time (F� 2.38; df � 18, 456; P� 0.0012) was
detected (Fig. 6). There were no signiÞcant differ-
ences among the zoysiagrasses tested at 1, 4, 48, and
72 h after chinch bug introduction. At 2 h after intro-
duction, Zorro had signiÞcantly more chinch bugs
than Emerald. However, this number was not statis-
tically different from either El Toro or Meyer. The
greatest differences in chinch bug preference oc-
curred between El Toro and Emerald at 8 and 24 h
(1.35 to 0.35 and 1.95 to 0.75 chinch bugs, respectively)
after introduction. At 8 h after introduction there were
signiÞcantly more chinch bugs on El Toro than on
Emerald, but there was no difference between El
Toro, Zorro, and Meyer, or Emerald, Zorro and Meyer.
By 24 h, El Toro had signiÞcantly more chinch bugs
than all other zoysiagrasses.

This study indicates that the zoysiagrass El Toro is
highly preferred by B. occiduus, and Emerald may
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have low levels of antixenosis. It is noteworthy that
there was a decline (1.95 to 0.8) in the number of
chinch bugs on the highly preferred zoysiagrass El
Toro and an increase (0.2Ð0.9) on the less preferred
zoysiagrass Emerald between 24 and 48 h after intro-
duction. These changes likely reßect a decline in El
Toro quality, forcing the chinch bugs to seek a more
favorable host.

This research categorized the resistance of several
buffalograsses and zoysiagrasses to chinch bug feeding
by assessing levels of antibiosis, antixenosis and toler-
ance. The buffalograsses 184 and PX3-5-1 were char-
acterized as tolerant, whereas, 196 showed both tol-
erance and antixenosis. Among the zoysiagrasses,
Zorro was tolerant to B. occiduus feeding, whereas
Emerald displayed tolerance with possible low levels
of antixenosis.

This study is the Þrst to categorize the resistance of
zoysiagrass to B. occiduus, and it provides further in-
sight into resistance among buffalograsses. The infor-
mation generated from this research raises questions
regarding the plantÕs defense responses to insect feed-
ing, and why some grasses are better able to tolerate
insect feeding than other cultivars of the same species.
Tolerance responses may be the result of physiological
or biochemical responses such as increased photosyn-
thetic capacity, nutrient uptake, or oxidative enzyme
activity (Kessler and Baldwin 2002, Heng-Moss et al.
2004). The identiÞcation of mechanisms responsible

for the tolerance will aid in our understanding of
plantÐinsect interactions, the defense responses of
plants and should be a focus of future research.

The identiÞcation of tolerant grasses also has im-
portant implications on the management of turfgrass
pests, and the preservation of resistance. Unlike anti-
biosis and antixenosis, tolerance does not apply undue
selection pressure on pest populations. By limiting
selection pressure, the durability of the plant resis-
tance is improved. Therefore, the identiÞcation and
use of insect-tolerant grasses can have a large impact
on our chinch bug management program. Further-
more, this research underscores the need to identify
the underlying mechanisms of resistance among these
tolerant grasses to further our understanding of how
these plants are defending themselves from insect
pests and whether we can incorporate these traits into
other plant systems. Future research should continue
to focus on the categorization of insect-resistant
plants, and investigations into the underlying mech-
anisms of this resistance.
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