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Heterorhabditis sp. (Nematoda: Heterorhabditidae): 
A Nematode Parasite Isolated from the Banded 

Cucumber Beetle Diabrotica balteata 
C. S. CREIGHTON AND G. FASSULIOTIS l 

Abstract: A nematode identified as Heterorhabditis sp. was discovered in June 1982 in larval cadavers 
of the banded cucumber beetle, Diabrotica balteata, in soil on wooded land. Effective beetle control 
(over 95%) was obtained when larvae were exposed to potted soil containing infective stage nematode 
juveniles or infected larval cadavers. The nematode was propagated in vivo on larvae of D. balteata, 
Diaphania nitidalis (the pickleworm), and Galleria mellonella (the greater wax moth). This Hetero- 
rhabditis sp. has promising potential as a biocontrol agent for the banded cucumber beetle. 

Key words: banded cucumber beetle, biocontrol, ecology, efficacy, entomology, pickleworm, prop- 
agation, wax moth. 

Many insects attack corn and sweet po- 
tatoes in the United States. Larvae of Dia- 
brotica spp. are among the most destructive 
soil insect pests attacking these crops. Cur- 
rently, there are no practical chemical 
means of controlling Diabrotica in regions 
with severe infestations of this insect. 

In June 1982 the wooded land on the 
U.S. Vegetable  Labora to ry  farm at 
Charleston, South Carolina, was surveyed 
for the mermithid nematode, Filipjevimer- 
mis leipsandra. We discovered that larvae 
of the banded cucumber beetle, Diabrotica 
balteata, that had been buried in the soil at 
one sampling site a week earlier were all 
dead. The cadavers were a reddish color 
and when dissected were found to contain 
numerous nematodes. Specimen nema- 
todes submitted to Dr. George Poinar, 
University of California, were determined 
to be an unidentified species in the genus 
Heterorhabditis. 

The genus Heterorhabditis was erected by 
Poinar (4) in 1976 and presently comprises 
four species: H. bacteriophora Poinar, 1976; 
H. heliothidis Kahn, Brook, and Hirsch- 
mann, 1976; H. hambletoni Pereira, 1937; 
and H. hoptha Turco, 1970. Infective ju- 
veniles ofHeterorhabditis spp. possess a sym- 
biotic bacterium, Xenorhabdus sp., in the 
anterior of their intestine which is lethal 
to the host insect (4). 

Recovery of a new Heterorhabditis sp. from 
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dead larvae of D. balteata in soil suggests 
that this nematode might be a useful bio- 
logical control agent for this and possibly 
other Diabrotica species. Therefore,  we ini- 
tiated laboratory studies on the culture of 
Heterorhabditis and its efficacy against D. 
balteata. The results are reported here. 

MATERIALS AND METHODS 

Cultures: Using techniques similar to 
those reported earlier (3), the Heterorhab- 
ditis sp. was cultured in vivo in larvae of 
the banded cucumber beetle, the pickle- 
worm (Diaphania nitidalis), and the greater 
wax moth (Galleria mellonella). We ob- 
tained late instar larvae of the banded cu- 
cumber beetle and pickleworm from our 
insect rearing facility and wax moth larvae 
from Grubco, Hamilton, Ohio. 

Infective juveniles penetrated insect lar- 
vae placed on damp filter paper in petri 
dishes killing them within 48 hours. Within 
2 weeks, large numbers  of  juveni les  
emerged from the cadavers. Juveniles col- 
lected in a water trap (6) were harvested 
1-3 times a week. The suspension was 
poured into a flask and after the nematodes 
had settled, the supernatant was discarded 
and additional water was added to wash the 
nematodes. The number of infective ju- 
veniles in a 0.1-ml aliquot were counted 
Under a stereoscopic microscope, and the 
volume of the suspension was adjusted to 
deliver the desired number of  nematodes 
in a given amount of water. As suggested 
by Dr. Poinar (pers. comm.), the nematode 
suspension was stored at 15 C until needed 
to minimize detrimental effects on the as- 
sociated bacterium. Twenty infected ca- 
davers of  each of the three insect species 
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TABLE 1. Yield o f  Heterorhabditis sp, j uven i l e s  f r o m  larvae o f  t h r e e  insect  species. 

Avg. no. juveniles/larva 

Insect n -+ SD Range 

Diabrotica balteata 20 13,905 + 2 ,570 1 0 , 0 0 0 - 2 0 , 0 0 0  
Diaphania nitidalis 20 16,962 + 7 ,258 8 , 5 0 0 - 3 0 , 0 0 0  
Galleria melloneUa 20 106,550 +__ 22 ,809  9 0 , 0 0 0 - 1 2 0 , 0 0 0  

were isolated and the juveniles exiting from 
each cadaver were collected in a water trap 
and counted to determine yields of  juve- 
niles from larvae of  each insect species. 

Infectivity: Five laboratory tests were 
conducted in 8-cm-d clay pots containing 
various media to assess the efficacy of this 
Heterorhabditis sp. to control larvae of the 
banded cucumber beetle. Tests 1-3 were 
conducted in a room maintained at 22.5 +_ 
2.5 C. 

Test 1 was conducted with various num- 
bers (0, 5, 10, 20) of  infected D. balteata 
cadavers buried in damp (ca. 20% mois- 
ture) commercial blasting sand on 19 Au- 
gust 1982. Four days later each pot was 
inoculated with third-instar D. balteata lar- 
vae and sprouted wheat added for food. 
The beetle larvae were caged for 7 days 
after which time the pots were emptied and 
the soil combed for living larvae. Survivors 
were removed and counted. Each treat- 
ment was replicated five times. 

On 31 August, 100 third-instar larvae 
were again added to each pot with more 
sprouted wheat added. These larvae were 
caged for 5 days after which the pots were 
emptied and the surviving larvae counted. 

Tests 2 and 3 were conducted in field 
soil (ca. 17% moisture) that had been passed 
through hardware cloth (8 mesh) to re- 
move coarse debris and placed in pots, 200 
cmS/pot. The  pots were inoculated with 

200-5,000juveniles on 14June 1983 (Test 
2) and with 800-20,000 juveniles on 25 
July 1983 (Test 3). Each level of nematodes 
(treatment) was replicated five times. One 
day following each inoculation, 50 third- 
instar Diabrotica larvae and sprouted wheat 
were buried in each pot. The  larvae were 
caged, and the surviving larvae were count- 
ed 6 days later. 

Tests 4 and 5 were conducted in soil, 
prepared as in Tests 2 and 3, in pots in- 
oculated with 10,000 juveniles on 31 Jan- 
uary 1984 (Test 4) and 25,000juveniles on 
7 February 1984 (Test 5) and held at 15, 
22, and 30 C. Nematode levels (treatments) 
at each temperature were replicated five 
times. One day following nematode inoc- 
ulation of  the soil, 50 third-instar Diabrot- 
ica larvae and sprouted wheat were buried 
in each pot. Five days later, the surviving 
larvae were counted. 

R E S U L T S  

Culture: Heterorhabditis sp. is apparently 
host nonspecific, as it increased in banded 
cucumber beetle, pickleworm, and wax 
moth larvae. Wax moth larvae yielded 
about eight-fold more nematodes than did 
banded cucumber and pickleworm larvae. 
More than 100,000 infective juveniles were 
obtained from one wax moth larva (Table 
1). 

Infectivity: Test 1. Inoculum levels of  5-  

TABLE 2. Efficacy o f  Diabrotica balteata cadavers  c on t a i n ing  n e m a t o d e s  o f  Heterorhabditis sp. to live D. 
balteata larvae in po t t ed  soil. 

Bioassay 1 Bioassay 2 
No. parasitized 

D. balteata Avg. no. Reduction Avg. no. Reduction 
cada~vers per pot surviving larvae (%) surviving larvae (%) 

5 4.4 a* 95.6 0,8 a* 99.2 
10 5.4 a 94.6 0.0 a 100.0 
20 0.4 a 99.6 1,4 a 98.6 

U n t r e a t e d  (0) 100.0 b 0.0 100,0 b 0.0 

* Mean separation within columns by Duncan's multiple-range test (P = 0.05), Five replicates of 50 larvae. 
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TABLE 3. Reduction o f  Diabrotica balteata larvae 
exposed to pot t ted  soil inoculated with Heterorhabditis 
sp. 

TABLE 4. Reduction of  Diabrotica balteata larvae 
exposed to potted soil inoculated with Heterorhabditis 
sp. at various temperatures .  

No. juveniles Avg. no. sur- Reduction 
per pot viving larvae* (%) 

Tes t  2 

200 6.3 c 87.3 
1,000 4.0 b 91.9 
2,000 2.8 b 94.4 
5,000 0.5 a 99.0 

Unt rea ted  49.5 d 

Test  3 

800 10.5 c 77.8 
4,000 5.0 b 89.7 
8,000 0.5 a 99.0 

20,000 0.3 a 99.5 

Unt rea ted  48.3 d 

* Mean separation in columns by Duncan's multiple-range 
test (P = 0.05). Five replicates of 50 larvae. 

20 nematode-infected beetle cadavers /pot  
reduced the population of  Diabrotica larvae 
by over 95% (Bioassay No. 1) (Table 2). 
Extremely effective reductions (99-100%) 
of  Diabrotica were also achieved about 2 
weeks later after additional beetle larvae 
were added to the pots (Bioassay No. 2). 
In Test  2, 5 ,000juveni les /pot  reduced lar- 
vae 99% and were significantly more ef- 
fective than lower numbers of  juveniles 
(Table 3). In Test  3, 8,000 or 20,000 ju- 
veniles/pot  achieved larval reductions of  
over 99%, whereas 800 juveniles provided 
a 78% reduction. 

Tempera ture  greatly influenced mortal- 
ity of  Diabrotica larvae infected with Het- 
erorhabditis (Table 4). In Test  4, larval mor- 
tality was greatest in pots incubated at 30 
C. No significant reduction of  Diabrotica 
larvae was obtained in pots incubated at 15 
C. Test  5 corroborated the results of  Test  
4. 

DISCUSSION 

Our tests indicate that this Heterorhab- 
ditis sp. is a highly effective parasite of  Dia- 
brotica larvae. Death of the beetle larvae 
occurs within 2 days of  parasitism. The 
minimum number  of  juveniles needed per 
pot to obtain a 99% reduction of  Diabrotica 
larvae was about 5,000. As the nematode 
reproduces abundantly in larval cadavers, 
its residual capability for infecting beetle 
larvae in the soil could be highly effective. 
This was evidently the case in our first test, 

Avg. no. 
No. juveniles Temp. surviving Reduction 

per pot (C) larvae* (%) 

Tes t  4 

10,000 15 49.2 c 1.2 
0 15 49.8 c 

10,000 22 14.0 b 71.9 
0 22 49.8 c 

10,000 30 6.2 a 87.6 
0 30 49.8 c 

Test  5 

25,000 15 48.2 c 2.8 
0 15 49.6 c 

25,000 22 7.4 b 85.1 
0 22 49.6 c 

25,000 30 0.6 a 98.8 
0 30 49.2 c 

* Mean separation in columns by Duncan's multiple-range 
test (P = 0.05). Five replicates of 50 larvae. 

as the infective juveniles emerging from 
larvae killed in the first soil bioassay prob- 
ably accounted for the high degree of  mor- 
tality of  beetle larvae in a second bioassay 
conducted 2 weeks later. 

As this nematode appears to be host non- 
specific, it may prove effective against many 
soil- inhabit ing insects, including o the r  
species of  Diabrotica. The infectivity of  this 
nematode will apparently depend on soil 
temperature at application. Low soil tem- 
peratures (about 13 C) and insect location 
below the ground surface can reduce in- 
fections of  the large pine weevil, Hylobius 
abietis, by the nematode Neoaplectana car- 
pocapsae (5). Mobility of  N. carpocapsae was 
also low at 15 C (1). 

In mass rearing the mermithid nema- 
tode F. leipsandra, we use first-instar larvae 
of  D. balteata which apparently are very 
susceptible to penetration (2); since Hetero- 
rhabditis sp. kills the later instars rapidly, 
the possibility of  utilizing both nematode 
species together in a biocontrol research 
program may be worth pursuing. 

Cultivation of  Heterorhabditis sp. in vitro 
is relatively easy. Once mass cultivation 
techniques are perfected, large amounts of  
nematodes for inoculating soil will be avail- 
able. Biocontrol of  the banded cucumber 
beetle and the related corn rootworm by 
this nematode should be explored further. 
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Population Dynamics of Heterodera glycines 
Life Stages on Soybean 1 
M.J. BONNER AND D. P. SCHMITT 2 

Abstract: Population fluctuations of Heterodera glycines differ in fields with high and low initial 
population densities. In a field with low initial numbers  of nematodes, the numbers  of cysts and 
eggs in soil remained low through 100 days from planting then increased during the remainder  of 
the growing season. In a field with high initial nematode populations, numbers  increased at 30 days, 
decreased to low numbers  at 100 days, and then resurged to maximum populations at harvest. 
Numbers  of juveniles were greatest at 100 days in the low initial population density field and at 
planting in the high initial population density field. T h e  initial numbers  of eggs in the soil gave the 
best correlation to soil and root  nematode populations 15 and 30 days later. Juveniles in the soil at 
planting gave the largest correlat ion coefficients with nematode populations in the roots at 15 days 
in the field with the low initial population density. Eggs and juveniles in the soil at harvest were 
poorly related to numbers  that  overwintered. 

Key words: Glycine max, soybean cyst nematode,  ecology, population fluctuations. 
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The  soybean cyst nematode (Heterodera 
glycines Ichinohe) is one of  the most im- 
portant pests on soybean in the United 
States. The  pest is highly virulent and is 
capable of causing total crop loss in soy- 
bean (Glycine max [L.] Merr.) fields. 

The  response of annual crops is gener- 
ally inversely related to the population 
density at planting (2,6). Soybean yields 
were negatively correlated with soil egg 
numbers in the fall and soil juvenile num- 
bers at planting (3). Diagnostic laboratories 
use different nematode life stage parame- 
ters to predict damage. Some laboratories 
use numbers of  juveniles, and others use 

Received for publication 27 June 1984. 
t Paper No. 8845 of the Journal Series of the North Car- 

olina Agricultural Research Service, Raleigh, NC 27695. 
Graduate student and Associate Professor, Department 

of Plant Pathology, North Carolina State University, Raleigh, 
NC 27695. Present address of senior author: FMC Corpo- 
ration, P.O. Box 8, Princeton, NJ 08540. 

The authors thank Clifton P. Alston, Steven Byrd, J. A. 
Phillips, and Laura Senior for technical assistance. 

numbers of cysts; few use soil egg popu- 
lation densities. Establishment of a data 
base on the relationship of  initial numbers 
of  juveniles, cysts, and eggs of  H. glycines 
in soil and roots to soybean growth and 
yield, as well as population changes over 
time, is essential for more precise predic- 
tion of  crop loss. 

Plant damage caused by the initial nema- 
tode population may influence the popu- 
lation dynamics of H. glycines. Factors gov- 
erning changes in nematode populations, 
such as environment (8), host suitability 
(7,9,10), and inoculum densi ty  (D. P. 
Schmitt, unpubl.), are basic to understand- 
ing nematode distribution and plant dis- 
ease (8). 

Understanding the factors influencing 
nematode population changes during the 
growing season should be useful in pre- 
dicting the development of damaging pop- 
ulations. Numbers of  H. glycines juveniles 
in soil fluctuate erratically during the 
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