


21.7) than on susceptible Wheatland (80.0 � 13.5),
whereas the probing frequency ofB. occiduus on KS94
(19.0 � 4.4) and Wheatland (19.5 � 6.1) was similar.

Similar Þndings have been reported by other re-
searchers. RaÞ et al. (1996) and Ogecha et al. (1992)
demonstrated that Russian wheat aphids and green-
bugs, Schizaphis graninum (Rondani), probed more
frequently on resistant than on susceptible plants. The
relatively low probing frequency of B. occiduus on the
two sorghum entries in this study may indicate that
sorghum is not a preferred host of B. occiduus.
Study 3. Mixed model analysis detected signiÞcant

differences between the probing frequencies of
B. occiduus and B. l. hirtus on endophyte-free 1139 E-
and endophyte-enhanced 1139 RC Þne fescues. B. l.
hirtusprobed signiÞcantly more often thanB. occiduus
on either Þne fescues (F� 21.4; df � 1, 36;P� 0.0001),
whereas both chinch bug species probed signiÞcantly
more on the endophyte-free 1139 E- than the endo-
phyte-enhanced 1139 RC Þne fescue (F� 7.4; df � 1,
36; P� 0.01). B. l. hirtus probed 29.3 � 5.5 and 18.9 �
4.2 times on 1139 E- and 1139 RC, respectively,
whereas B. occiduus probed only 11.7 � 2.9 and 1.5 �
0.8 times on the same plants.

These results suggest that the endophyte may have
deterred chinch bug feeding because the probing fre-
quency ofB. l. hirtus andB. occiduuswas higher on the
endophyte-free Þne fescue. These results concur with

those of Carrière et al. (1998) who found that com-
pounds produced by the endophytes reduce insect
herbivory. In general, endophyte-enhanced perennial
ryegrasses, Þne fescues, and tall fescues are highly
resistant to chinch bug feeding (Saha et al. 1987,
Mathias et al. 1990, Carrière et al. 1998, Richmond and
Shetlar 2000, Yue et al. 2000).
Probing Locations. Probing locations of B. occiduus

and B. l. leucopterus differed on Wheatland sorghum,
which is resistant to B. occiduus but susceptible to
B. l. leucopterus. The stylet tracts of B. occiduus ter-
minated in the vascular tissues (VT) approximately
twice as often as bundle sheath cells (BSC) and me-
sophyll cells (MC) (Fig. 5A and B). In contrast, the
stylet tracts of B. l. leucopterus terminated more fre-
quently in the BSC, although they also penetrated the
VT (Fig. 5C and D).

Probing locations ofB. occiduus andB. l. leucopterus
were similar on KS94, which is resistant to both chinch
bug species. Stylet tracts of both species terminated in
the VT of the resistant sorghum �50% more often than
any other area. The BSC and MC also were probed by
both chinch bug species (Fig. 6).

These observations suggest that most injury to sor-
ghum occurs when chinch bug stylets tracts probe in
the BSC, which are important in carrying out func-
tions necessary for photosynthesis in C4 plants (Sage
and Monson 1999). Under normal light conditions, the

Fig. 6. Stained stylet tracts of (A and B) B. occiduus and (C and D) B. l. leucopterus in KS94 sorghum. BSC, bundle sheath
cells; MC, mesophyll cells; ST, stylet tract; and VT, vascular tissues. Sections (14 �m in thickness) were photographed at 40�
magniÞcation.
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BSC contain signiÞcant amounts of starch and carbo-
hydrates that make them an ideal food source for
piercingÐsucking insects (Sage and Monson 1999).
Although these observations suggest that feeding lo-

cations may play an important role in the susceptibility
or resistance, the inßuence of probing frequency and
duration cannot be discounted. Further studies inves-
tigating these factors as well as the function of chinch

Fig. 7. Stained stylet tracts of (A and B)B. occiduus and (C and D)B. l. leucopterus in 378 buffalograss. BSC, bundle sheath
cells; ST, stylet tract; and VT, vascular tissues. Sections (14 �m in thickness) were photographed at 40� magniÞcation.

Fig. 8. Stained stylet tracts of (A and B)B. occiduus and (C and D)B. l. leucopterus in Prestige buffalograss. BC, bulliform
cells; BSC, bundle sheath cells; ST, stylet tract; and VT, vascular tissues. Sections (14 �m in thickness) were photographed
at 40� magniÞcation.
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bug salivary components and the responses of the
plants to chinch bug feeding would be valuable.

The stylet tracts of B. occiduus and B. l. leucopterus
most often terminated in the VT of 378 buffalograss
(Fig. 7), which is susceptible to both chinch bug spe-
cies. The BSC also were probed by both B. occiduus
and B. l. leucopterus, with stylet tracts frequently ter-
minating on the opposite side of the leaf. However, the
stylet tracts of B. l. leucopterus were often much
longer, 200Ð300 �m, than the tracts of B. occiduus
which typically reached lengths of only �100 �m.
B. l. leucopterus stylet tracts often penetrated one or
two vascular bundles before terminating.

Chinch bug probing locations on Prestige (resistant
toB. occiduusbut susceptible toB. l. leucopterus) were
similar to those observed on 378 buffalograss. Stylet
tract termination sites were predominantly in the VT
and bulliform cells (BC) (Fig. 8). The BC, which allow
plants to conserve water during periods of moisture
stress (Sage and Monson 1999) may serve as an im-
portant source of water for chinch bugs, which thrive
in hot, dry conditions. B. occiduus and B. l. leucopterus
occasionally probed in the BSC.

The results of this study indicate that feeding loca-
tion on buffalograss is unlikely to be the primary factor
in the ability of these chinch bugs to differentially feed
on and damage plants as stylet tracts terminated in the
VT, BSC, and BC. Again, the potential effects of prob-
ing frequency and duration, salivary secretions, plant
defense responses to chinch bug feeding, and their
interactions should not be discounted.

Further research is needed to explore the speciÞc
feeding mechanisms of chinch bugs. Electronic feed-
ing monitoring techniques (McLean and Weigt 1968)
would contribute new information on probing du-
rations on resistant and susceptible germplasm as
well as those of different chinch bug species on the
same germplasm. Transmission electron microscopy
(TEM) would provide additional details on the feed-
ing locations of chinch bugs on resistant and suscep-
tible hosts. TEM also may be a useful tool in deter-
mining the function(s) of apical labial sensilla as
mechano- or chemosensory based on the innervations
of dendrites and structure of the sensilla (Walker and
Gordh 1989). This information, in conjunction with
behavioral studies, may provide insights into chinch
bug host selection. Finally, it has been speculated that
chinch bugs, and other sap-feeding insects, possess
salivary toxins (Baxendale et al. 2002). Identifying and
characterizing chinch bug salivary secretions, and
documenting differences among the chinch bug spe-
cies, would be valuable. This information may help us
understand the differences observed in the suscepti-
bility or resistance among the grasses to feeding by the
various chinch bug species.
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