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Abstract: The insect growth regulators (IGRs), diffubenzuron and BAY SIR 8514, at 300 and
1,000 ppm a.i. in potato dextrose agar (PDA) inhibited the radial growth of the fungus
Rhizoctonia solani host of Aphelenchus avenae. The IGRs had no effect on the growth of the
bacterium Pseudomonas pseudoalcaligenes host of Acrobeloides nanus and Diplogaster iheritieri,
At 53 ppm a.i, neither IGR inhibited the population development of 4. nanus and D. iheritier:
on P. pseudoalcaligenes; however, diflubenzuron stimulated the population development of D.
iheritieri. At 300 ppm, both IGRs inhibited the population development of 4. nanus and D.
iheritieri; however, BAY SIR 8514 was more effective than diflubenzuron except on 4. nanus
L,'s. At 300 ppm, only BAY SIR 8514 affected the population development of A. avenae, except
the L,’s. At 1,000 ppm, both 1GRs inhibited development, except diflubenzuron for L, and L,’s.
Again, BAY SIR 8514 was more effective than difiubenzuron. With single females of A. nanus
and D. iheritieri, both IGRs at 300 ppm reduced egg laying, inhibited embryonation, and slowed

larval development.
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Diflubenzuron, a substituted phenyl
urea insecticide with nematicidal ac-
tivity (15,16,17), is classified as an insect
growth regulator (IGR) and has been
shown to disrupt moulting processes in in-
sect larvae (12). Furthermore, ovicidal ef-
fects have been demonstrated in Coleoptera
(11), Diptera (18), Lepidoptera (1), and
Nematoda (16). Recently BAY SIR 8514,
another IGR with greater biological activ-
ity than diflubenzuron (Broadbent, unpub-
lished data), has become available. This
paper presents results of tests on the effects
of diflubenzuron and BAY SIR 8514 on
the population development and reproduc-
tion of three species of nematodes and their
respective hosts.
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MATERIALS AND METHODS

Aphelenchus avenae Bastian was isolated
from tobacco soil obtained in Norfolk
County, Ontario. This fungus-feeding
nematode was reared on Rhizoctonia solani
Kuhn grown on potato dextrose agar
(PDA).

Diplogaster  iheritieri Maupas and
Acrobeloides nanus de Man were isolated
from alfalfa soil obtained in Wellington
County, Ontario. A baiting technique us-
ing alfalfa seedlings was used to isolate the
nematodes and the bacteria on which they
fed. The two nematodes were reared on
Pseudomonas  pseudoalcaligenes  Stanser
which also grew well on PDA, the common
medium for all experiments.

Three sets of experiments were
performed  with  diflubenzuron 25
WP (1-[4-chlorophenyl]-3-[2,6-difluoroben-

zoyljurea) and BAY SIR 8514 25 WP
(N - [([4 - (trifluoromethoxy)phenyl] - amino)
carbonyl]-2-chlorobenzamide). In all tests,
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IGRs were added to the medium immedi-
ately after sterilization. In the first set of
tests, the effect of IGRs on the radial
growth of the fungus, R. solani, and on the
growth of the bacterium, P. pseudoalcali-
genes, was measured. Petri dishes (100 X
20 mm) containing 300 ppm a.i. or 1,000
ppm a.i. of the IGRs in PDA were each
inoculated with a 6-mm plug of the fungus.
Diameters of the fungal colonies were meas-
ured every 12 hours until the mycelium
reached the margin of the 10 control dishes.
In the bacterial growth experiment, Erlen-
meyer flasks (125 ml) containing 50 ppm
a.i. or 10 flasks containing 300 ppm a.i. of
the IGRs, in 25 ml of Potato Dextrose
Broth (PDB), were inoculated with 25 X
10* bacteria and placed on a shaker. Con-
trols consisted of IGR-free media. After
4 days the number of bacteria per milli-
leter was determined with a haemocytom-
iter. All tests were conducted at 18-20 C,
and each treatment was replicated 10 times.

In the second set of tests, the effects of
IGRs on population development of the
fungus-feeding nematode, A. avenae, and
the bacterium-feeding nematodes, D. iheri-
tieri and A. nanus, were determined at
concentrations of 300 and 1,000 ppm and
50 and 300 ppm, respectively. The fungus
and bacterium were allowed to overgrow
the petri dishes (100 X 20 mm) of PDA
containing the IGRs before inoculating
with nematodes. Fifty to one hundred sec-
ond- and third-stage larvae were used to
inoculate each replicate. Nematodes were
extracted from stock cultures in miniature
Baermann pans (13). The nematode sus-
pension was poured onto a fine screen (44-
um openings) through which only the sec-

ond- and thirdstage larvae passed. The
larval suspension was pipetted into the
petri dishes and the inoculated dishes were
incubated 2 wk.

In the third set of tests, the effects of
300 ppm of IGRs on the development of
A. nanus and D. iheritieri were determined.
A colony of P. pseudoalcaligenes (l-cm-d)
developed in 4-6 days in petri dishes (60
X 15 mm) of PDA containing the IGRs be-
fore inoculation. A single gravid female was
transferred to each Petri dish. The num-
bers of various life stages were observed
and recorded every 2 days from 10 days
for 4. nanus and for 2, 4, and 8 days for
D. iheritieri.

Data from the first two sets of tests were
subjected to an analysis of variance and
LSDs calculated at the 59 level.

RESULTS

Both IGRs inhibited the radial growth
of the fungus, R. solani, (Table 1) but BAY
SIR 8514 had a greater effect. Inhibition
of growth was apparent at 36 hours, and by
84 hours diflubenzuron and BAY SIR 8514
at 300 ppm had reduced fungal growth 209,
and 269, respectively. Growth inhibition
of R. solani was apparent at 24 hours, and
by 72 hours diflubenzuron and BAY SIR
8514 at 1,000 ppm had inhibited growth
of R. solant by 229 and 309, respectively.

The 1GRs did not inhibit growth of
P. pseudoalcaligenes; bacterial counts aver-
aged 81 X 10¢/ml at 96 hours in the con-
trol and chemically treated flasks.

Both diflubenzuron and BAY SIR 8514
reduced development of populations of 4.
avenae (Table 2). BAY SIR 8514 was more

Table 1. Effect of insect growth regulators (IGRs) on the radial growth of Rhizoctonia solani.

Rate Radial growth (mm)

IGRs (ppm a.i) Oh  1Zh 24k 36h 48h 60h 72h 84h LSD.%
Control 0 7 14 24 34 42 58 65 80 3
Diflubenzuron* 300 7 13 21 28 37 46 57 64
Bay SIR 8514} 300 7 12 21 29 34 43 56 59
Control 0 8 32 45 59 74 86 1
Diflubenzuron 1,000 8 23 32 44 55 67
Bay SIR 8514 1,000 8 19 29 39 49 60

*1-(4-chlorophenyl)-3-(2,6-difluorobenzoyljurea.

N-[[[4-(trifluoromethoxy)phenyl]-amino]carbonyl]-2-chlorobenzamide.
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Table 2. Effect of insect growth regulators (IGRs) on the population development of Aphelenchus

avenae on Rhizoctonia solani on PDA,

Rate Number/plate at 2 wk

IGRs {ppm ai.) Adults L, L+ L, Total
Control 0 3,180 3,660 38,580 45,420
Diffubenzuron 300 4,020 (126)* 4,240 (116) 43,480 (113) 51,740 (114)
Eay SIR 8514 300 1,780 (56) 3,430 (94) 16,870 (44) 22,080 (49)
LSD %, 1,193 1,199 8,967 10,271
Control 0 5,100 7,950 23,800 36,850
Diflubenzuron 1,000 3,300 (65) 4,900 (62) 26,000 (109) 34,200 (93)
Bay SIR 8514 1,000 265 (5) 355 (4) 1,330 (6) 1,950 (5)

1,223 2,123 6,686 7.524

LSD, %

*Values in parenthceses are percent of control

cliective, reducing total population devel-
opment (at 1,000 ppm) by 95%,. At 300
ppm, only BAY SIR 8514 reduced popula-
tions of 4. avenae. At 300 and 1,000 ppm,
BAY SIR 8514 reduced the numbers of all
stages except L, of A. avenae, whereas
diflubenzuron at 1,000 ppm reduced only
the numbers of L., larvae and adults.

Diflubenzuron and BAY SIR 8514 also
reduced  population development of D.
iheritieri (Table 3) at 300 ppm. BAY SIR
8514 was more effective, causing 929, re-
duction in total population development
vs. 889, reduction with diflubenzuron. At
50 ppm, no overall reductions in popula-
tion growth occurred, but numbers of L,
larvac and adults were reduced by BAY
SIR 8514. Although not significant, diflu-
benzuron appeared to stimulate total pop-
ulation growth, particularly the numbers
of L.Js, I.)'s, and adults.

Total populations of 4. nanus were re-
duced 629, and 899, by 300 ppm difiuben-
ruron and BAY SIR 8514, respectively (Ta-
ble 4). Populations in media treated with
BAY SIR 8514 had only 69, of L, and L,
larvae compared to the control population.
At 50 ppm, BAY SIR 8514 had no effect on
A. nanus development, whereas difluben-
zuron stimulated an increase in all life
stages.

Exposure of single gravid females of A4.
nanus or D. iheritieri to media containing
diflubenzuron or BAY SIR 8514 at 300 ppm
resulted in decreased egg production and
decreased egg hatch (Tables 5, 6). The rate
of embryonation was inhibited, with many
eggs remaining in the two-cell stage longer
than normal. Also the rate of larval devel-
opment lagged. Consequently the numbers
of larvae (L.-1l.,) were progressively fewer
and adults absent or rare in treated plates.

Table 3. Effect of insect growth regulators (IGRs) on the population development of Diplogaster

iheritieri on Pseudomonas pseudoalcaligenes on PDA,

Rate Number/plate at 2 wk

IGRs (ppm 2.i.) Adults L, L+ L, Total
Control 0 1,670 5,440 38,560 45,670
Diflubenzuron 50 2,100 (126)* 3,330 (61) 52,500 (136) 57,900 (127)
Bay SIR 8514 50 900 (54) 2,600 (48) 39,000 (101) 42,500 (93)
LSD.% 677 2,060 n.s. n.s.
Control 0 4,700 10,200 33,200 48,100
Diflubenzuron 300 2,600 (55) 4,700 (46) 24,900 (75) 32,200 (67)
Bay SIR 8514 300 515 (11) 1,120 (11) 2,450 (7) 4,080 (8)
LSD,% 1,480 2,260 4,950 5,800

*Value in parentheses are percent of control.
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Table 4. Effect of insect growth regulators (IGRs) on the population development of Acrobeloides

nanus on Pseudomonas pseudocaligenes on PDA.

Rate Number/plate at 2 wk
IGRs (ppm a.i.) Adults L, L.+ L, Total

Control 0 1,200 2,250 9,550 13,000
Diflubenzuron 50 2,250 (188)* 3,050 (136) 17,500 (183) 22,800 (175)
Bay SIR 8514 50 1,100 (92) 1,750 (78) 4,300 (45) 7,150 (55)
LSD. % 666 967 5,380 6,315
Control 0 4,000 4,300 39,900 48,200
Diflubenzuron 300 2,100 (53) 2,300 (53) 13,700 (34) 18,100 (38)
Bay SIR 8514 300 950 (24) 2,100 (49) 2,450 (6) 5,500 (11)
LSD5% 1,240 1,028 7,000 8,014

*Values in parentheses are percent of control.

In the controls the life cycle of 4. nanus
was ca. 10 days, whereas that of D. iheritieri
was 4 days or less.

DISCUSSION

Our studies showed that BAY SIR 8514
inhibits population growth more effectively
than diflubenzuron. However, our studies
on the effect of IGRs on nematode devel-
opment itself indicated that diflubenzuron
was more effective because D. iheritieri did
not produce L, and adult stages in the

presence of diflubenzuron but it did in
the presence of BAY SIR 8514. In the pop-
ulation studies, inoculum was composed
only of larvae which developed into fe-
males. These young females may have been
less sensitive to diflubenzuron than to BAY
SIR 8514. In the development studies,
inoculum was composed only of females,
many of which were likely of advanced
maturity. These females may have been
more sensitive to diflubenzuron than to
BAY SIR 8514. The concentrations tested
were comparable to those used by Veech

Table 5. Effect of insect growth regulators (IGRs) on the development of Acrobeloides nanus* on

Pseudomonas pseudoalcaligenes on PDA.

Rate Time Number/plate
IGRs (ppm a.i.) (day) Eggs L, L, L, Adults

Control 0 0 0

2 3

4 16

6 31 7 1

8 30 9 6 3

10 26 9 13 7 2
Diflubenzuron 300 0 0

2 0.1

4 0.1

6 3 0.3

8 2 2

10 4 2 2 0.1 0
Bay SIR 8514 300 0 0

’ 2 1

4 4

6 3 1

8 11 1 0.2

10 8 1 1 0

*Inoculum single female/dish.
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Table 6. Effect of insect growth regulators (IGRs) on the development of Diplogaster iheritieri*

on Pseudomonas pseudoalcaligenes on PDA.

Rate Time Number/plate
IGRs (ppm a.i.) (day) Eggs L, L, L, Adults

Control 0 0

2 02 0.2 0.2

4 02 1.0 1.0 1.0 1.0

8 86.0 20,0 31.0 15.0 150
Diflubenzuron 300 0

2 14 0.1

4 1.7 0.1 0.1

8 18 0.3 02 0 0
Bay SIR 8514 300 0

2 1.1 0.7 0.4

4 1.3 14 1.0

8 14.0 14 0 0.9 1.0

*Inoculum single female/dish,

(17) to suppress the population develop-
ment of Acrobeloides sp. and Panagrellus
sp. Furthermore, he found Pelodera sp. to
be more sensitive, requiring only 10 ppm
a.i. of diflubenzuron to inhibit population
development.

The mode of action of these IGRs is un-
certain. Most authors agree that IGRs of
the diflubenzuron and BAY SIR 8514 type
disrupt the formation of insect cuticle.
Chitin synthetase has been suggested as the
target by several investigators (6,7,14).
However, Mayer et al. (9,10) and Cohen
and Casida (5) recently have shown that
neither of these IGRs directly affect chitin
synthetase. Another recent study (8) indi-
cated that IGRs are direct-acting serine
proteasz inhibitors that block the conver-
sion of chitin synthetase zymogen into ac-
tive enzyme. However, chitin has not been
isolated from larvae or adults (2,3,4) of
nematodes, although it does occur in the
eggs of several species (3), and Veech (16)
has observed ovicidal eftects of difluben-
zuron on other nematode species. Effects
shown here on eggs may be consistent with
the inhibition of chitin synthesis observed
with insects, but effects on larvae, as shown
with BAY SIR 8514 on A. avenae and D.
iheritieri, are not as readily explained.
Mayer et al. (10 have suggested that IGRs
may inhibit N-acetylglucosamine trans-
ferases or glucosyltransferases which may, at
least in nematodes, be important in gut or
other surface membrane synthesis.

The lower susceptibility of A. avenae
to these IGRs, as compared to D. theritieri
and 4. nanus, may be related to the mode
of feeding by these nematodes. Both D.
theritieri and A. nanus are particle-feeding
nematodes, whereas 4. avenae pierces and
feeds on the contents of fungal hyphae.
The IGRs have a relatively low water solu-
bility and are nonsystemic. Generally these
chemicals must be ingested by insects to
have an effect (12). It is possible that up-
take and/or exposure by A. avenae was less
than that of the other two species.

LITERATURE CITED

1. Ascher, K. R. S, and N. E. Nemny. 1974. The
ovicidal effect of PHG0-40 [1-(4-chlorophenyl)-3-
(2,6-difluorobenzoyl)-urea] in Spodoptera littoralis
Boisd. Phytoparasitica 2: 131-3.

2. Bird, A. F. 1971, The structure of nematodes.
New York: Academic Press.

3. Bird, A. F., and M. A. McClure. 1976. The
tylenchid (Nematoda) egg shell: structure, com-
position and permeability. Parasitology 72:19-28.

4. Clarke, A. J., Patricia M. Cox, and Audrey
M. Shepard. 1967. The chemical composition of
the cgg shells of the potato cyst-nematodes,
Heterodera rtostochiensis Woll. Biochem. J. 104:
1056-1060.

5. Cohen, E., and J. E. Casida. 1980. Inhibition
of Tribolium gut chitin synthetase. Pestic. Biochem.
Physiol. 13: 129-36.

6. Deul, D. H.,, B. J. deJong, and J. A. M.
Kortenbach. 1978. Inhibition of chitin synthesis by
two 1-(2,6 dissubstituted benzoyl)-3-phenylurea in-
secticides. 1I. Pestic. Biochem. Physiol. 8:98-105.

7. Hajjar, N. P, and J. E. Casida. 1978. Insec-
ticidal benzoylphenyl ureas: structure—activity re-



110 Journal of Nematology, Volume 15, No. 1, January 1983

lationships as chitin synthesis inhibitors. Science
200:1499-1500.

8. Leighton, T., E. Marks, and: F. Leighton.
1981. Pesticides: Insecticides and fungicides are
chitin synthesis inhibitors. Science 213:905-7.

9. Mayer, R. T., A. C. Chen, and J. R. DeLoach.
1980. Characterization of a chitin synthase from
the stable fly, Stomoxys calcitrans (L.). Insect Bio-
chem. 10:549-56.

10. Mayer, R. T., A. C. Chen, and J.R. DeLoach.
1981, Chitin synthesis inhibiting insect growth regu-
lators do not inhibit chitin synthase. Experientia
37:337-8.

11. Moore, R. F., Jr., and H. M. Taft. 1975,
Boll weevils: chemo-sterilization of both sexes with
Busulfan plus Thompson-Hayward TH-6040. J.
Econ. Entomol. 68:96-8.

12. Mulder, R., and M. J. Gijswijt. 1973. The
laboratory evaluation of two promising new in-
secticides which interferes with cuticle deposition.
Pestic. Sci. 4:737-745.

13. Townshend, J. L. 1964. Fungus hosts of
Aphelenchus avenae Bastian, 1865 and Bursaphe-
lenchus fungivorus Franklin + Hooper 1962 and
their attractiveness to these nematode species, Can.
J. Microbiol. 10:727-737.

14. Van Eck, W. H. 1979. Meode of action of
two benzoylphenyl ureas as inhibitors of chitin
synthesis in insects. Insect Biochem. 9:295-300,

15. Veech, J. A. 1977. A possible new approach
to the chemical control of nematodes. J. Nematol.
9:184-85.

16. Veech, J. A. 1978. The effect of difluben-
zuron on egg formation by the root-knot nematode.
J- Nematol. 10:208-9.

17. Veech, J. A. 1978, The effect of difluben-
zuron on the reproduction of free-living nematodes.
Nematologica 24:312-30,

18. Wright, J. E., and R. L. Harris. 1976,
Ovicidal activity of Thompson-Hayward TH 6040
in the stable fly and horn fly after surface contact
by adults. J. Econ. Entomol. 69:728-30.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

