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The virulence of new nine heterorhabditid isolates from South Carolina (Heterorhabditis megidis LEX,
Heterorhabditis zealandica EDS and CHR, and Heterorhabditis bacteriophora WPS, SMP, PD, CFG, MF
and CFM strains) on the yellow mealworm was compared with two known heterorhabditid nematodes
(H. bacteriophora Hb and HP88 strains) under laboratory conditions. The Petri-plate bioassay procedure
was used to evaluate the susceptibility of the Tenebrio molitor larvae to the heterorhabditids at
concentrations of 5, 10, 25, and 100 infective juveniles (I1Js) per larva. Mortalities were counted for 4
days. At the final count, mortalities were 27.1-79.9, 48.7-85.2, 82-100, and 93.8-100% for all nematode
strains at the concentrations of 5, 10, 25, and 100 1Js per larva, respectively. H. megidis LEX strain
differed than others by having 100% mortality in both 25 and 100 nematode concentrations. It had also
the highest mortality rate with 80% at 5 nematodes per larva and H. bacteriophora HP88, WPS and SMP
strains followed it with 70.1, 70.1 and 64.6% mortality, respectively. LCg, value for the nematodes was
relatively low ranging from 1.74 1Js per larva for H. bacteriophora WPS strain to 11.12 1Js per larva for H.
bacteriophora Hb strain. The LTg, value ranged from 1.30 to 5.31 days. Our results suggest that H.
bacteriophora WPS, SMP, and CFM, and H. megidis LEX strains may be considered first to be studied
further as potential biocontrol agents of insects.
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INTRODUCTION

Entomopathogenic nematodes (EPNs) (Steinernematidae
and Heterorhabditidae) are obligate parasites of insects
(Poinar, 1990; Adams and Nguyen, 2002). They are
mutualistically associated with bacteria (Xenorhabdus
spp. and Photorhabdus spp. for steinernematids and
heterorhabditids, respectively). Infective juveniles (1Js),
the only free-living stage, enter hosts through natural
openings (mouth, anus, and spiracles), or in some cases,
through the cuticle. After entering the host’s hemocoel,
nematodes release their symbiotic bacteria, which are
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primarily responsible for killing the host, defending
against secondary invaders, and providing the
nematodes with nutrition (Dowds and Peters, 2002). The
nematodes molt and complete up to three generations
within the host after which IJs exit the cadaver to search
out new hosts (Kaya and Gaugler, 1993).

These nematodes are effective biocontrol agents of a
variety of economically important insect pests (Klein,
1990; Shapiro-llan et al., 2002; Grewal et al., 2005) and
they have been used in controlling insect pest for about
25 years, extending their usage from high value markets
to large area crops, including forestry (Peters, 2010).

Despite the progress that has been made in the use of
EPNs (Laznik et al.,, 2010a), knowledge about their
natural host range and their efficacy on insect
populations as biological control agents is still limited
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(Ansari et al., 2007). When new nematodes are isolated,
studies are needed to determine their efficacy comparing
them with other nematodes. Therefore, our goal was to
compare the virulence of nine new heterorhabditid
isolates from South Carolina with two known
heterorhabditid nematodes (Heterorhabditis
bacteriophora Hb and HP88 strains) in T. molitor, a
susceptible host for in vivo mass production of
entomopathogenic nematodes (Shapiro-llan et al., 2002;
Shapiro-llan et al., 2008) under laboratory conditions.

Materials and Methods

Tenebrio molitor colony was sustained at 27 + 2C and 50% RH on
a wheat bran diet. Saturated polyacrylamide crystals were used as
water source for adults and larvae by mixing them directly in the
wheat bran. Fiberglass pans (35 x 25 x 20 cm, L x W x H) were
used to rear adult beetles. The eggs glued to the bottom of the pan
were recovered by replacing pans every 2 weeks. These pans with
eggs were added fresh wheat bran for hatching larvae. Eggs and
larvae were kept in the same pan until pupal stage approximately 3
months later. Wheat bran and water were added as needed. Pupae
were separated from the diet by the use of a standard No. 6 sieve
(3.35 mm openings) and allowed to complete development in 29 x
20 x 9 cm plastic boxes lined with tissue paper (Morales-Ramos et
al., 2010).

H. bacteriophora Hb strain was obtained from Dr. David I.
Shapiro-llan, Integrated BioControl Systems, Inc. (Aurora, Indiana)
and H. bacteriophora HP88 strain was provided by Dr. Khoung B.
Ngyuen and Dr. Byron J. Adams of the University of Florida. The
other nine heterorhabditids; H. megidis LEX, H. zealandica EDS
and CHR, and H. bacteriophora WPS, SMP, PD, CFG, MF and
CFM strains were obtained from soil on a survey in South Carolina,
USA (Canhilal and Carner, 2006a).

EPNs were produced on last-instar of the greater wax moth,
Galleria mellonella (L.) (Lepidoptera: Pyralidae) following the
standard rearing method described by Woodring and Kaya (1988).
A modified White Trap (Canhilal and Carner, 2006b), consisting of a
folded 11-cm filter paper (3 mm in depth after folding) in a Petri dish
(100 x 15 mm) with 15-20 ml of distilled water, was used to collect
the infective juveniles (1Js). These 1Js were stored at 7-8T in tissue
culture flasks for 15-20 days before being used for experiments
(Kung et al., 1990). Before the assays, viability was confirmed by
observing nematode activity (rapid wiggling) under a binocular
microscope (Laznik et al., 2010b).

The Petri-plate bioassay procedure was used to evaluate the
susceptibility of the yellow mealworm larvae to heterorhabditids at
concentrations of 5, 10, 25, and 100 1Js per larva in 1 ml of sterile
distilled water (Woodring and Kaya, 1988; Shapiro-llan et al., 2008)
Petri dishes (100 x 15 mm) were lined with two Whatman No.1 filter
paper pieces (9 cm diameter). One hour before the beginning of
the experiment, the 1Js were applied and distributed evenly on the
filter paper. For each treatment concentration, four groups of seven
3" instars of T. molitor were placed per dish containing 1Js. The
Petri dishes were placed in a double plastic bag and put in a dark
incubator at 25 + 1<C (Glazer et al., 1991). Controls consisted of 1
ml of sterile distilled water without nematodes. The bioassay was
repeated two times.

T. molitor mortality was recorded every 24 h for 4 days (Epsky
and Capinera, 1994). Dead insects were incubated on modified
White Traps at room temperature (25 + 1C) and examined to
confirm the presence of nematodes. The mortalities were converted
to percentages and adjusted for control mortality, using Abbott’s
correction formula (Abbott, 1925). The data were analyzed as a
completely randomized factorial design and Least Significant

Difference (LSD) mean separation procedure was used to detect
differences among treatments. Lethal concentration (LCsg) values
and median lethal time (LTso) values at 5, 10, 25, and 100
nematode concentrations for each nematode strain were estimated
by probit analysis (SPSS, 2003).

RESULTS

All nematodes tested were capable of killing the yellow
mealworm and reproducing in it. The dead larvae in the
treatments showed typical symptoms of nematode
infection. The mortality induced by nematodes increased,
typically with increasing numbers of nematodes per larva.
There was low mortality in untreated controls (Table 1
and 2).

Low mortality (<50%) occurred during the first day after
treatment except 100 nematode concentrations of H.
zealandica CHR and H. megidis LEX strains and H.
megidis LEX strain was the best performer with the
highest mortality at the first day count (Table 1). In
general, mortality rates increased from day 2 to day 4
(Tables 1 and 2). On the second day; mortalities at 25
and 100 nematode rates reached usually over 70%.
Hundred nematode concentrations of H. bacteriophora
WPS strain and H. megidis LEX strain, and 25 and 100
nematode concentrations of H. zealandica CHR killed
about 90% of larvae in the treatments (Table 1).

On the 3rd day count; only 100 nematode
concentration of H. zealandica CHR caused 100%
mortality. All nematode strains except H. bacteriophora
Hb strain produced over 90% mortality at 100 nematode
concentration. However they were not significantly
different including H. bacteriophora Hb strain (Table 2).
At 25 nematode concentration, all nematodes except H.
bacteriophora Hb, SMP and MF strains gave more than
90% mortality but they were not significantly different
except H. bacteriophora Hb strain. At 10 nematode rate;
nematode strains produced usually more than 50%
mortality. H. megidis LEX, H. bacteriophora SMP, and H.
zealandica CHR strains performed better at the same
group statistically with 81.01, 72.32, 71.73% mortality,
respectively (Table 2). At 5 nematodes rate, H. megidis
LEX, H. bacteriophora WPS and HP88 strains were not
significantly different with 79.9, 56.3, and 58.3 mortality,
respectively. H. zealandica CHR, H. bacteriophora SMP
and CFM strains created the other group with 50.0, 47.9,
and 45.8% mortality, respectively (Table 2).

At the final count, mortalities were 27.1-79.9, 48.7-85.2,
82-100, and 93.8-100% for all nematode strains at the
concentrations of 5, 10, 25, and 100 IJs per larva,
respectively. All larvae died in the treatments of H.
megidis LEX, H. zealandica CHR and H. bacteriophora
MF strains at 100 nematode rate. Mortalities were 97.9%
for H. zealandica EDS, H. bacteriophora CFM and PD
strains, 97.5% for H. bacteriophora WPS strain, 96.4%
for H. bacteriophora SMP strain, 95.8% for H.
bacteriophora HP88 and Hb strains, and 93.8% for



Canhilal 1599

Table 1. Mean percent mortality of 3" instars of the yellow mealworm after 1 and 2 d by heterorhabditid species/strains in a Petri-plate bioassay at 5, 10, 25, and 100 IJs

per larva.
Nematodes per sunn pest®
Nematodes” 5 10 25 100 5 10 25 100
1st day reading 2nd day reading
H.b.HP88 7.4430 8.93abedel 26.79%N 23.51pcaefn 46.439"Km 46.439"Km 78.27% 83.33%
H.b.Hb 0? 0? 3.57%¢ 3.57%° 10.72%¢ 23.5180cdef 39.29°fhik 65.18"Mm"°prs
H.b.CFG 5.36% 3.57%° 21.4330c0ef 25, 3¢0efn 10.72%° 23.5180¢0ef 51.19Kmne 68.15M"°P"s
H.b.PD 1.79% 0? 3.57%¢ 10.72°bcdef 23.2230cdefo 39.8g°Nik 76.19° 86.61°%
H.b.CFM 1.79% 0? 3.57%¢ 10.72°bcdef 25.00 edefah - pg ggbedefah g3 qgkimnoer 76.19°
HbSMP 8'93abcdef 14.29abcdefg 21.43abcdefgh 28.87efghi 35'72defghij 42'26efghijkl 53'87jklmn0p 71.43oprs
H.z.EDS 1.79% 1.79% 25edefoni 36.01™ 21.43%0cdefo 19.35°0¢0e 87.20% 82.14%
H.b.WPS 1.79% 0? 21 .43%0cdefon 42.86™ 42.86°9"K 39.58°%Nik 83.93% 96.13'
HbM E Oa 5.36abcd lo.72abcdefg 11.Olabcdefg 12'50abcd 26'19bcdefghi 56'55jklmn0pr 69.34n0prs
H.z.CHR 9,53bcdef 8.93a0edef 30.36"" 50 50.00™M" 49,17 "kmn 96.43" 98.21"
H.m.LEX 17.86%0°0¢N 14 pgabedefs 32.14g" 57.14% 57.14°%f0N 69.949"kImn 84.829"kIM 89.8gd"kIm
Untreated 1.79%° 5.36%°¢ 0? 1.79%° 0? 10.72%° 3.57% 7.15%°

3Means within the same columns followed by the same letters are not significantly different, "H.b.HP88: Heterorhabditis bacteriophora HP88, H.b.Hb: H. bacteriophora H.b, H.b.CFG:
H. bacteriophora CFG, H.b.PD: H. bacteriophora PD, H.b.CFM: H. bacteriophora CFM, H.b.SMP: H. bacteriophora SMP, H.z.EDS: H. zealandica EDS, H.b.WPS: H. bacteriophora
WPS, H.b.MF: H. bacteriophora MF, H.z.CHR: H. zealandica CHR, H.m.LEX: H. megidis LEX.

H. bacteriophora CFG strain (Table 2). However,
they all are not significantly different.

At 25 nematode concentration; while only H.
megidis LEX strain was producing 100% mortality,
the others caused mortality over 90% except H.
bacteriophora Hb strain. All treatments were at the
same group statistically. H. megidis LEX, H.
zealandica CHR, and H. bacteriophora SMP and
HP88 strains were better with more than 80%
mortality at 10 IJs per larva (Table 2). H. megidis
LEX was superior with 80% mortality at 5
nematode per larva rate and it was followed by H.
bacteriophora HP88, WPS and SMP with 70.1,
70.1 and 64.6% mortality, respectively at the
same statistical group (Table 2).

The LCsy and LCq data are summarized in
Table 3. LCyq ranged from 12.30 to 54.12 1Js per

larva. LCs, value for the nematodes was relatively
low (<9 IJs per larva) except H. bacteriophora Hb
strain. The lowest LCgy value was 1.74 1Js per
larva for H. bacteriophora WPS strain followed by
H. bacteriophora HP88 and SMP, H. megidis LEX,
H. bacteriophora CFM, H. zealandica CHR, H.
bacteriophora CFG and MF, H. zealandica EDS,
H. bacteriophora PD and Hb strains with the LCs,
of 2.66, 3.10, 4.23, 4.62, 4.73, 5.67, 6.44, 8.37,
8.40, 11.12 1Js per larva.

The LTs, and LTy data are given in Table 4.
The LTso values ranged from 2.56 to 5.31 days for
H. megidis LEX and H. bacteriophora Hb strains
at 5 1Js per larva, from 2.04 to 3.41 days for H.
megidis LEX and H. zealandica EDS strains at 10
IJs per larva, from 1.30 to 2.58 days for H.
zealandica CHR and H. bacteriophora Hb strains

at 25 IJs per larva, and from 1.09 to 1.95 days for
H. zealandica CHR and H. megidis LEX, and H.
bacteriophora Hb strains at 100 |Js per larva,
respectively.

DISCUSSION

In determining an entomopathogenic nematode as
a biological control agent, it is important to look at
several attributes of the agent such as attraction,
penetration, movement, host defense
mechanisms, and biotic and abiotic environmental
factors. Although many factors are responsible for
the level of infectivity some basic data may be
Gathered through lab studies (Mannion and
Jansson, 1992; Shapiro-llan et al., 2002; Laznik et
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Table 2. Mean percent mortality of 3 instars of the yellow mealworm after 3 and 4 d by heterorhabditid species/strains in a Petri-plate
bioassay at 5, 10, 25, and 100 |Js per larva.

Nematodes per sunn pest®

Nematodes” 5 10 25 100 5 10 25 100
3" day reading 4™ day reading

H.b.HP88 58.33 " 66.96 9K 92.86 Mo 92.56 M"oP 70.84 ¢ 80.77 9K 94.64 1 95.71 "
H.b.Hb 6.25 2 43.15 % 65.72 9"k 87.14 Kmnop 27.08 % 60.66 % 82.03 9K 95.83 ¢
H.b.CFG 20.84 ° 53.87 ©f" 91.07 kmnoP 93.33 ™°P 33.33% 72.98g ©fon 94.35 93.75"
H.b.PD 22.92 ¢ 58.33 "o 93.93 "P 97.92 °° 35.42 " 58.75 93.93% 97.92%
H.b.CFM 45.83 %1 45.83 %1 91.07 '™°P 93.33 ™°P 54.17 65.89 efn 96.13% 97.924
H.b.SMP 47.92 1 72.32 Mikim 86.79 KMo 94.64 °° 64.58 defan 85.18 " 90.36 ™ 96.43"
H.z.EDS 29.17 36.91 °* 90.36 ™" 98.21 % 41.67 " 48.69 "% 96.13 1 97.92 "
H.b.WPS 56.25 o 59.52 i 94.64°° 97.92 %P 70.83 efon 68.81 " 96.43 97.50
H.b.MF 20.83 ¢ 65.48 9"k g0 Kmnep 96.43 °° 41.67" 78.39 "nik 94.34 100"
H.z.CHR 50 ©7 71.73 "ikim 98.21 % 100° 56.25 81.96 9"k 98.21 100’
H.m.LEX 79.92 kmno 81.07 kimno 95,71 Kmnop 95,71 Kmnop 79.92 9K 81.01 9K 100' 100"
Untreated 14.29 2 10.72 7.14° 10.72 % 14.292 14.29°2 10.72°2 25 2

®Means within the same columns followed by the same letters are not significantly different, "H.b.HP88: Heterorhabditis bacteriophora HP88, H.b.Hb: H.
bacteriophora H.b, H.b.CFG: H. bacteriophora CFG, H.b.PD: H. bacteriophora PD, H.b.CFM: H. bacteriophora CFM, H.b.SMP: H. bacteriophora SMP, H.z.EDS:
H. zealandica EDS, H.b.WPS: H. bacteriophora WPS, H.b.MF: H. bacteriophora MF, H.z.CHR: H. zealandica CHR, H.m.LEX: H. megidis Lex.

Table 3. LCso and LCqp values of heterorhabditid nematodes for yellow mealworm larvae.

Nematodes No. larvae *LCso *LCago X P

H. bacteriophora CFG 56 5.67 54.12 74.00 0.001
H. bacteriophora CFM 56 4.62 31.52 6497.70 0.001
H. zealandica CHR 56 4.73 12.30 63.81 0.001
H. zealandica EDS 56 8.37 34.13 6967.40 0.001
H. bacteriophora Hb 56 11.12 40.64 333.70 0.001
H. bacteriophora HP88 56 2.66 29.58 2542.30 0.001
H. megidis LEX 56 4.23 37.64 166.10 0.001
H. bacteriophora MF 56 6.44 16.78 19.29 0.001
H. bacteriophora PD 56 8.40 34.22 6563.30 0.001
H. bacteriophora SMP 56 3.10 43.81 88.47 0.001
H. bacteriophora WPS 56 1.74 30.48 3065.60 0.001

*LCso and LCqy values were calculated over 4 rates applied and expressed in number of nematodes per larva.
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Table 4. LTso and LTgo values of heterorhabditid nematodes at 5, 10, 25, and 100 infective juveniles per larva for yellow mealworm larvae.

a No. 5 infective juveniles 10 infective juveniles 25 infective juveniles 100 infective juveniles
Nem larvae * Tso LToeo X P * Tso  *LToeo X P *LTso  *LToeo X P *LTso  *LToo X P
CFG 56 4.14 6.48 2.18 0.585 2.81 454 2.59 0.460 1.95 3.28 4.66 0.198 1.66 2.88 10.63 0.014
CFM 56 3.86 6.72 1529 0.002 3.04 4.71 6.19 0.103 1.83 3.01 6.91 0.075 1.67 2.64 18.43 0.001
CHR 56 3.66 7.16 39.89 0.001 2.30 3.83 11.72 0.008 1.30 2.18 423.38  0.001 1.09 1.74 2.01 0.570
EDS 56 4.33 7.07 12.24 0.007 341 5.42 8.49 0.037 1.55 2.74 27.03 0.001 1.35 2.37 4255 0.001
Hb 56 5.31 8.04 4.34 0.227 3.16 4.89 9.99 0.019 2.58 4.04 7.288 0.063 1.95 290 13.07 0.004
HP88 56 2.69 460 12.18 0.007 2.37 4.04 8.02 0.046 1.61 2.89 21.70 0.000 1.56 2.73  24.65 0.001
LEX 56 2.56 493 19.04 0.001 2.04 3.72 25,58 0.001 1.40 2.36 8.54 0.036 1.09 2.04 18.95 0.001
MF 56 3.84 5.63 3.08 0.380 2.63 412 4.91 0.178 2.07 3.33 6.47 0.091 1.71 2.52 1.19 0.756
PD 56 3.94 6.27 7.19 0.066  2.88 480 2299 0.001 1.86 2.89 51.69 0.001 1.59 240 262.36 0.001
SMP 56 2.93 4.88 5.24 0.155 2.24 3.78 3.86 0.277 1.98 3.42 8.67 0.034 1.55 275 17.25 0.001
WPS 56 2.74 443 11.73 0.008 2.76 441 19.28 0.001 1.58 2.68 33.31 0.001 1.18 2.11 358.50 0.001

*Nem= Nematodes; WPS= H. bacteriophora WPS; CHR= H. zealandica CHR; LEX= H. megidis LEX; EDS= H. zealandica EDS; SMP= H. bacteriophora SMP; PD= H. bacteriophora PD; MF= H.
bacteriophora MF; HP88= H. bacteriophora HP88; CFM= H. bacteriophora CFM; Hb= H. bacteriophora Hb; CFG= H. bacteriophora CFG; *LTs, and LT values were calculated over 4 d counts and

expressed in days.

al., 2011). The virulence of nematodes to insects
varies significantly. (Mbata and Shapiro-llan,
2005; Mederios et al., 2000). This may be
because of different host and difference of strain
which was collected from different locality. Some
heterorhabditid  nematodes may  possess
additional positive attributes compared with others
as demonstrated with ranging percent mortalities
on large scales (27.1-100%) in the current study.
Although the yellow mealworm larva was
susceptible to each nematode species and strain
tested, there were differences among these
nematodes in their ability to kill the insect. H.
bacteriophora WPS, HP88, SMP, H. megidis LEX,
H. bacteriophora CFM, H. zealandica CHR strains
were more efficacious than others against T.
molitor larva as it was reflected in the LCsq, LTsq
and percent mortality data. The mortalities were
higher, LCs, values were lower and LTsq values
were shorter for these nematodes. These

differences may be due to difference of the origins
of the strains (Mannion and Jansson, 1992).

No statistical difference obtained among
nematode strains at 25 and 100 nematode
concentrations. Therefore 5 and 10 nematode per
larva were distinctive rates to differentiate the
nematodes’ biological efficacy on the yellow
mealworm. All the heterorhabditid strains tested
showed virulence to 3™ instars of the yellow
mealworm, producing a significantly higher
mortality (27.1-100%) at all concentrations than
the untreated control at the final count.
Apparently, they are effective bio-control agents of
insects. However, environmental factors such as
soil structure, temperature, humidity and host
density under greenhouse and field conditions
have huge impact on the efficacy of EPNs
(Koppenhofer, 2000; Georgis et al., 2006).
Therefore future studies need to be directed to the
greenhouse and field conditions with these

heterorhabditid isolates on various insect pests.

Our results suggest that H. bacteriophora WPS,
SMP, and CFM, H. megidis LEX, and H.
zealandica CHR strains should be considered first
to be studied further as potential biocontrol agents
of insects. The others may also be valuable
material to be studied.

ACKNOWLEDGEMENT

Author thank Dr. David Boyd of Bob Jones
University, South Carolina, USA for reviewing of
the manuscript.

REFERENCES

Abbott WS (1925). A method of computing the effectiveness of
an insecticide. J. Econ. Entomol.,18: 265-267.
Adams BJ, Nguyen KB (2002). Taxonomy and systematic. In



1602 Afr. J. Microbiol. Res.

Gaugler R (ed.) Entomopathogenic nematology, CABI, New York,
USA, pp. 1-34.

Ansari MA, Waeyenberge L, Moens M (2007). Natural occurrence of
Steinernema carpocapsae, Weiser, 1955 (Rhabditida:
Steinernematidae) in Belgian turf and its virulence to Spodoptera
exigua (Lepidoptera: Noctuidae). Russ. J. Nematol., 15 (1): 21-24.

Canhilal R, Carner GR (2006a). Natural occurrence of
entomopathogenic nematodes (Rhabditida: Steinernematidae and
Heterorhabditidae) in South Carolina. J. Agric. Urban Entomol., 23(3):
159-166.

Canhilal R, Carner GR (2006b). Efficacy of entomopathogenic
nematodes (Rhabditida: Steinernematidae and Heterorhabditidae)
against the squash vine borer, Melittia cucurbitae (Lepidoptera:
Sesiidae) in South Carolina. J. Agric. Urban Entomol., 23: 27-39.

Dowds BCA, Peters A (2002). Virulence mechanisms. In Gaugler R
(ed.), Entomopathogenic nematology, CABI, New York, USA, pp. 79-
98.

Epsky ND, Capinera JL (1994). Invasion efficiency as a measure of
efficacy of the entomopathogenic nematode Steinernema
carpocapsae (Rhabditida: Steinernematidae). J. Econ. Entoml., 87:
366-370.

Georgis R, Koppenhdfer AM, Lacey LA, Belair G, Duncan LW, Grewal
PS, Samish M, Tan L, Torr P, Van Tol RWHM (2006). Success and
failures in the use of parasitic nematodes for pest control. Biolo.
Control, 38: 103-123.

Glazer |, Galper S, Sharon E (1991). Virulence of the nematode
(Steinernematids and Heterorhabditids)-bacteria (Xenorhabdus spp.)
complex to Egyptian cotton leafworm, Spodoptera littoralis
(Lepidoptera: Noctuidae). J. Invertebr. Pathol., 57: 94-100.

Grewal PS, Ehlers RU, Shapiro-llan DI (2005). Nematodes as biocontrol
agents. CABI, New York, USA.

Kaya HK, Gaugler R (1993). Entomopathogenic nematodes. Annu. Rev.
Entomol., 38: 181-206.

Klein MG (1990). Efficacy against soil-inhabiting insect pests. In
Gaugler R and Kaya HK (eds.), Entomopathogenic nematodes in
biological control, CRC, Boca Raton, FL, pp. 195-214.

Koppenhdfer AM (2000). Nematodes. In: Lacey L and Kaya HK (eds.),
Field Manual Technique in Invertebrate Pathology, Kluwer Academic
Publishers, Dordrecht, Netherlands, pp. 283-301.

Kung SP, Gaugler R, Kaya HK (1990). Soil type and entomopathogenic
nematode persistence. J. Invertebr. Pathol., 55: 401-406.

Laznik Z, Toth T, Lakatos T, Vidrih M, Trdan S (2010a). Control of the
Colorado potato beetle (Leptinotarsa decemlineata [Say]) on potato
under field conditions: a comparison of the efficacy of foliar
application of two strains of Steinernema feltiae (Filipjev) and
spraying with thiametoxam. J. Plant Dis. Protect., 117(3): 129-135.

Laznik Z, Toth T, Lakatos T, Vidrih M, Trdan S (2010b). Oulema
melanopus (L.) (Coleoptera: Chrysomelidae) adults are susceptible to
entomopathogenic nematodes (Rhabditida) attack: Results from a
laboratory study. J. Plant Dis. Protect., 117(1): 30-32.

Laznik Z, Znidarcic D, Trdan S (2011). Control of Trialeurodes
vaporariorum (Westwood). Adults on glasshouse-grown cucumbers
in four different growth substrates: An efficacy comparison of foliar
application of Steinernema feltiae (Filipjev) and spraying with
thiamethoxam. Turk. J. Agric. For., 35(6): 631-640.

Mannion CE, Jansson RK (1992). Comparison of ten entomopathogenic
nematodes for control of seweetpotato weevil (Coleoptera:
Apionidae). J. Econ. Entomol., 85(5): 1642-1650.

Mbata GN, Sapiro-llan DI (2005). Laboratory evaluation of virulence of
heterorhabditid nematodes to Plodia interpunctella Hubner
(Lepidoptera: Pyralidae). J. Econ. Entomol., 34(3): 676-682.

Medeiros J, Rosa JS, Tavares J, Simoes N (2000). Susceptibility of
Pseudaletia unipuncta (Lepidoptera: Noctuidae) to entomopathogenic
nematodes (Rhabditida: Steinernematidae and Heterorhabditidae)
isolated in the Azores: Effect of nematode strain and host age. J.
Econ. Entomol., 93(5): 1403-1408.

Morales-Ramos JA, Rojas MG, Shapiro-llan DS, Tedders WL (2010).
Developmental plasticity in  Tenebrio molitor (Coleoptera:
Tenebrionidae): Analysis of instar variation in number and
development time under different diets. J. Entomol. Sci., 45(2): 75-90.

Peters A (2010). Formulation and application: Key technologies to
expand the use of entomopathogenic nematodes. Abstracts of 43rd
Annual Meeting of the Society for Invertebrate Pathology, 11-15 July
2010, Trabzon, Turkey, p. 145.

Poinar GO, Jr. (1990). Biology and taxonomy of Steinernematidae and
Heterorhabditidae. In Gaugler R and Kaya HK (eds.),
Entomopathogenic nematodes in biological control. CRC, Boca
Raton, FL, pp. 23-62.

Shapiro-llan DI, Gouge DH, Koppenhdfer AM (2002). Factors affecting
commercial success case studies in cotton, turf and citrus. In Gaugler
R (ed.) Entomopathogenic Nematology, CABI, New York, pp. 333-
355.

Shapiro-llan DI, Rojas MG, Morales-Ramos JA, Lewis EE, Tedders WL
(2008). Effects of host nutrition on virulence and fithess of
entomopathogenic nematodes: Lipid- and protein-based supplements
in Tenebrio molitor diets. J. Nematol. 40(1):13-19.

SPSS (2003). A simple Guide and Reference, 11.0 Update. Pearson
Education Inc., Boston, p. 386.

Woodring JL, Kaya HK (1988). Steinernematid and heterorhabditid
nematodes: a handbook of biology and techniques. Southern
Cooperative Series, Bulletin 331. Southern Cooperative, Fayetteville,
AR.



