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The Mexican rice borer (MRB), Eoreuma 
loftini (Dyar) (Lepidoptera: Pyralidae), has 
become the key pest of south Texas sugar 
cane (Saccharum spp.) (2,3), and alternative 
methods to chemical pesticides are needed 
to implement integrated pest management 
programs for this pest. Because informa- 
tion on pathogens attacking the MRB does 
not exist, we set out to determine the ef- 
ficacy of three entomopathogenic nema- 
tode species, Heterorhabditis bacteriophora 
Poinar 'HP 88' (Rhabditida: Heterorhab- 
ditidae), Steinernema feltiae (Filipjev) (= bi- 
bionis) 'SN' (Rhabditida: Steinernemati- 
dae), and S. carpocapsae (Weiser) 'All', 
against the MRB and to determine the dose 
response between MRB and these nema- 
todes. 

Larvae of the MRB reared on artificial 
diet were used in all tests. Third-stage in- 
fective juveniles (IJ) of H. bacteriophora, S. 

feltiae, or S. carpocapsae were removed from 
sponges t h ro ugh  425-#m-pore,  45-~m- 
pore, and 38-#m-pore sieves, diluted to a 
known volume, and agitated. The number 
of IJ per milliliter was determined through 
serial dilutions and by counting live nema- 
todes under a stereomicroscope. Nema- 
todes were dispersed in distilled water to 
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provide desired treatment levels in 3 ml 
water. Treatments were applied in a geo- 
metric progression from 0 to 2,048 I J /  
MRB. Diluted suspensions (3 ml), from 
lowest to highest concentration, were pi- 
petted onto Whatman no. 3 filter paper 
(9.0 cm d) in each of 20 sterile petri dishes 
(100 × 15 mm) per treatment for treat- 
ments greater than 1 IJ/MRB. Petri dishes 
containing one IJ /MRB were treated with 
3 ml distilled water, and five nematodes 
were transferred with a Pasteur pipet and 
the aid of a stereomicroscope. Control pe- 
tri dishes were treated with 3 ml distilled 
water alone. Five MRB larvae (third or 
fourth instar) were placed in each petri dish. 
Each treatment consisted of  five replicates 
of 20 borer larvae. The susceptibility of 
early MRB instars was also tested by ex- 
posing 20 MRB neonates in a single petri 
dish to 16 IJ /neonate  (LD99 for S. carpo- 
capsae from dose mortality experiments) of 
each nematode species. Artificial diet (ca. 
1 g) was placed in each petri dish. Petri 
dishes were held at 26 C, and dead larvae 
were examined for nematodes at 1-6, 9, 
and 13 days post-treatment. 

Data were analyzed by analysis of vari- 
ance and contrasts (5) over all doses and 
time to determine differences in mortality 
due to nematode species (general linear 
models procedure [4]). Probit analysis was 
used to determine the dose, confidence in- 
terval and slope at which 50 and 95% of 
the MRB larvae were killed (probit pro- 
cedure [4]). Relative toxicities were cal- 
culated for each nematode species by di- 
viding the lowest LD95 by the LD95 for each 
nematode and multiplying by 100 (1). 

Nematode species exhibited significant 
differences in mortality for MRB third and 
fourth instars over all doses and sample 
dates (F = 23.85; P > F -< 0.0001). Both 
steinernematid species exhibited greater 
mortality of MRB third and fourth instars 
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FIG. 1. Cumulative percentage of mortality of Mexican rice borer third and fourth instars exposed to 
Heterorhabditis bacteriophora, Steinernema carpocapsae, and S. feltiae (= bibionis) at the dosage level of 16 infective 
juveniles/borer  (LD~, for S. carpocapsae). 

than the he terorhabdi t id  (F - 26.8, P > 
F _ 0.0001), but  significant differences in 
mortal i ty of  MRB third  and four th  instars 
were not  observed among  s te inernemat id  
species (F = 1.88, P > F = 0.170). Steiner- 
nema carpocapsae, S. feltiae, and H. bacterio- 
phora killed 82.5, 74.0, and 44.5%, respec- 
tively, of  MRB third and four th  instars. 
Differences in mortal i ty over t ime were ob- 
served for nematode  species (Fig. 1). Mor- 
tality rates due to s te inernemat id  IJ were 
much h igher  and were accomplished much 
faster than mortal i ty rates due to hetero-  
rhabdi t id  IJ (Fig. 1). Within 48 hours  af ter  
exposure to S. carpocapsae, S. feltiae, or H. 
bacteriophora at 16 I J / M R B  larva (LD99 for 

S. carpocapsae), 67, 15, and  0%, respective- 
ly, o f  the MRB third  and four th  instars 
were dead. T h e  median  lethal t ime of  MRB 
third and four th  instars t rea ted with S. car- 
pocapsae IJ was 41.5 hours,  with 66% mor- 
tality occurr ing between 24 and  48 hours.  

Percentage o f  mortal i ty  due to factors 
o ther  than nematodes  (larval death  and 
nematodes  absent) was significantly great- 
er for the he terorhabdi t id  than the stei- 
nernemat ids  (F = 42.88; P > F -< 0.0001). 
Mortalities o f  MRB thi rd  and four th  in- 
stars due to o ther  factors were lesser in 
s te inernemat id  t rea tments  than  in heter-  
orhabdi t id  t rea tments  (F >- 28.5, P > F -< 
0.0001), but  significant differences in mor- 

TABLE 1. Lethal doses (LD), 95% fiducial limits (FL), slopes, standard error  of the mean (SE), and relative 
infectivity (RI) for Mexican rice borer  third and fourth instars treated with three species of entomopathogenic 
nematodes. 

LD~o 

Lethal dose 
Slope 

95% FL LD95 95% FL (+ SE) RI 

Steinernema carpocapsae 1.8 1.2-2.5 8.6 2.5-18.2 2.5 + 0.01 100.0 
Steinernemafeltiae 1.8 1.1-2.7 252.7 151.2-501.9 0.8 -+ 0.01 3.4 
Heterorhabditis bacteriophora 37.6 20.1-67.2 5,464.9 1,825.2-32,474.6 0.8 + 0.02 0.2 

Probit analysis on logj0 dose. Relative infectivity as calculated by dividing the lowest LDg~ by the LD95 for each nematode 
and multiplying by 100. N = 240 borers/treatment. 
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tality of MRB third and fourth instars due 
to other factors were not observed among 
steinernematid species (F = 0.05, P > F = 
0.824). Mortality due to factors other than 
nematodes was 8.0, 9.0, and 21.0% of MRB 
third and fourth instars in S. carpocapsae, 
S. feltiae, and H. bacteriophora treatments, 
respectively. Mortality in the control treat- 
ments (21%) was due to factors other than 
nematodes. 

The steinernematid species exhibited 
similar LDs0 and fiducial limits on LDs0 
(95% fiducial limits overlap) (Table 1), 
however, S. carpocapsae exhibited lower 
LDg~ and fiducial limits on LD95 (95% fi- 
ducial limits fail to overlap) and a higher 
relative infectivity. The  slope was greatest 
in treatments of S. carpocapsae (Table 1); 
LDs0, LD95, and fiducial limits were highest 
(95% fiducial limits fail to overlap) and rel- 
ative infectivity was lowest in treatments 
with the heterorhabditid. 

Six neonates were killed by S. feltiae, six 
by S. carpocapsae, and 10 by H. bacterio- 
phora. All other neonates escaped from 
nematode-treated petri dishes except one 
neonate that was alive in the S.feltiae treat- 
ment at 9 days after treatment. Ten neo- 
nates were alive and 10 escaped from con- 
trol petri dishes. Data from experiments 
on neonates indicated that all three nema- 
tode species have the potential to kill MRB 
larvae infesting leaf sheaths. 

The  steinernematids S. carpocapsae and 
S. feltiae are potentially good biological 
control agents for MRB larvae in the field. 

The sugar cane plant and the MRB are a 
year around host-pest system. Larvae crawl 
between the leaf sheath and the stalk, mine 
the leaf sheath for 2-3 weeks, and then 
bore into the sugar cane stalk. Water is 
held in the leaf sheath most of  the year, 
providing a source of moisture for the 
nematodes. Also, the sheath provides a 
protected environment for the nematode. 
Sheltered nematodes may be able to persist 
in this system for several days or longer, 
whereas pesticides are active only for short 
periods (i.e., 3 days). Chemical pesticides 
are ineffective in the stalk, whereas nema- 
todes may search for and kill borers in the 
stalk. Further studies are required to de- 
termine the feasibility of  field applications 
of the steinernematids for control of the 
MRB. 
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