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Population Development and Reproduction 
of Fungus- and Bacterium-Feeding Nematodes in the 

Presence of Insect Growth Regulators 
TOWNSHEND, J. L., 1 D. J. PREE, 2 and A. B. BROADBENT 2 

Abs t rac t :  T h e  insect g rowth  regula tors  (IGRs), di, l tubenzuron attd BAY SIR 8514, at  300 and  
1,000 p p m  a.i. in po ta to  dextrose agar  (PDA) inh ib i t ed  the  radia l  g rowth  of  the  fungus  
R h i z o c t o n i a  so lani  hos t  of  A p h e l e n c h u s  avenae .  T h e  IGRs  had  no effect on  the  growth  of the  
bac te r ium P s e u d o m o n a s  p seudoa lca l igenes  host  of  A c r o b e l o i d e s  nanus  and  Dip logas t e r  iher i t i er i .  
At 59 p p m  a.i., ne i t he r  IGR  inh ib i t ed  the  p o p u l a t i o n  deve lopmen t  of  A.  n a n u s  and D. iheri t ier~ 
on  P. p seudoa lca l igenes ;  however,  d i f lubenzuron  s t i m u l a t e d  the  popu la t i on  deve lopmen t  of D. 
iher i t i er i .  At 300 p p m ,  bo th  IGRs  inh ib i t ed  the  popu l a t i on  deve lopmen t  of  A.  n a n u s  and  D. 
iher i t i e r i ;  however,  BAY SIR 8514 was more  effective than  d i f lubenzuron  except  on A.  n a n u s  
L4"s. At  300 p p m ,  only BAY SIR 8514 affected the  popu l a t i on  deve lopmen t  of  A.  avenae ,  except  
the  L4's. At  1,000 ppm,  bo th  1GRs inh ib i t ed  deve lopment ,  except  d i f lubenzuron  for L 2 and  Ls's.  
Again,  BAY SIR 8514 was more  effective t han  difl .ubenzuron. Wi th  single females of  A.  n a n u s  
anti  D. iher i t i e r i ,  both  IGRs  at  300 p p m  reduced  egg laying, inh ib i t ed  embryona t ion ,  and  slowed 
larval deve lopment .  J o u r n a l  of  Nemato logy  15(1):105-110. 1983. 

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 moult ing processes in in- 
sect larvae (12). Furthermore,  ovicidal ef- 
fects have been demonstrated in C01eoptera 
(11), Diptera (18), Lepidoptera (1), and 
Nematoda (16). Recently BAY SIR 8514, 
another  I G R  with greater biological activ- 
ity than diflubenzuron (Broadbent, unpub- 
lished data), has become available. Th is  
paper presents results of tests on the effects 
of diflubenzuron and BAY SIR 8514 on 
the populat ion development and reproduc- 
tion of three species of nematodes and their 
res Pecti ve hosts. 
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MA TERIA LS  AND M E T H O D S  

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

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

Three  sets of experiments were 
performed with diflubenzuron 25 
WP (l-[4-chlorophenyl]-3-[2,6-difluoroben- 
zoyl]urea) and BAY SIR 8514 25 W P  
(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. pseud'oalcali- 
genes, was measured. Petri dishes (100 x 
20 ram) containing 300 ppm a.i. or 1,000 
ppm a.i. of the IGRs  in PDA were each 
inoculated with a 6-ram plug of the fungus. 
Diameters of the fungal colonies were meas- 
ured every 12 hours until  the mycelium 
reache(l 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 o[ Potato Dextrose 
Broth (PDB), were inoculated with 25 × 
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 dete,anined with a haemocytom- 
iter. All tests were conducted at 18-20 C, 
and each treatment was replicated I0 times. 

In the second set of tests, the effects o[ 
IGRs on populat ion development of the 
fungus-feeding nematode, A. avenae, and 
tlte 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 × 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- 
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ond- and third-stage larvae passed. The  
larwfl suspension was pipetted into the 
Fetri dishes and the inoculated dishes were 
incttbated 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 (1-cm-d) 
developed in 4-6 days in petri dishes (60 
× 15 ram) of PDA containing the IGRs be- 
fore inoculation. A single gravid female was 
transferred to each Petri dish. T h e  num- 
bers of various life stages were observed 
and recorded every 2 days from 10 days 
for A. 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 5~: o level. 

RESULTS 

Both IGRs inhibited the radial growth 
of the fungus, R. solani, (Table 1) but BAY 
SIR 8514 had a greater effect. Inhibi t ion 
o[ growth was apparent  at 36 hours, and by 
84 hours diflubenzuron and BAY SIR 8514 
at 300 ppm had reduced fungal growth 20% 
and 26%, respectively. Growth inhibit ion 
of R. solani was apparent  at 24 hours, and 
hy 72 hours diflubenzuron and BAY SIR 
8514 at 1,000 ppm had inhibited growth 
of R. soIani by 22~:o and 30% respectively. 

The  IGRs did not inhibit  growth of 
P. pseudo~dcaligenes; bacterial counts aver. 
aged 81 x 106/ml at 96 hours in the con- 
t~ol and chemically treated flasks. 

Eoth diflubenzuron and BAY SIR 8514 
reduced development of populations of A. 
a~:enae (Table 2). BAY SIR 8514 was more 

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

R a t e  R a d i a l  g r o w t h  (mm)  

I(;Rs (ppm a.i.) Oh 12h 24h 36h 48h 60h 72h 84h L.S.D.5% 

Control 0 7 14 24 34 42 53 65 80 
Diflubenzuron* 300 7 13 21 28 37 46 57 64 
Bay SIR 8514 t 300 7 12 21 29 34 43 56 59 

Contro l  0 8 . . .  32 45 59 74 86 . . .  
D i f l u b e n z u r o n  1,000 8 . . .  23 32 44 55 67 . . .  
Bay SIR 8514 1,000 8 ... 19 29 39 49 60 ... 

* 1 - (4 -ch lorophenyl ) -3 - (2 ,6 -d i f luorobenzoy l )urea .  
tN-[[[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 a.i.) Adults L 4 L~+ L 2 Total 

C~,ntrol 0 3,180 3,660 38,580 45,420 
Diflubenzuron 300 4,020 (126)* 4,240 (116) 43,480 (113) 51,740 (114) 
i:ay SIR 8514 300 1,780 (56) 3,430 (94) 16,870 (44) 22,080 (49) 

IAI)~% 1,193 1,199 8,967 10,271 

Control 0 5,100 7,950 23,800 36,850 
l}iflubenzuron 1,000 3,300 (65) 4,900 (62) 26,000 (109) 34,200 (93) 
l~ay SIR 8514 1.000 265 (5) 355 (4) 1,330 (6) 1,950 (5) 

I.SD:,% 1,223 2,123 6,686 7,524 

*Values in parentheses are percent of control 

ellective, r educ ing  total  popu la t i on  devel- 
o p m e n t  (at 1,000 ppm)  by 95%. At  300 
ppm, only BAY S I R  8514 r educed  popula-  
tions of A .  a v c n a e .  At 300 and  1,000 ppm,  
BAY SIR 8514 reduced  the num be r s  of  all 
stages except  L4 oF A .  a v e n a e ,  whereas 
d i f lubenzuron at 1,000 p p m  reduced  only  
the nttml)ers of L~ larvae and  adults.  

Di t luhenzuron  anti BAY SIR 8514 also 
reduced popu la t ion  deve lopmen t  oF D. 
i t u r i t i e r i  (Table  3) at 300 ppm.  BAY S I R  
8514 was more  effective, caus ing 92% re- 
duc t ion  in total  popu la t ion  deve lopment  
vs. 33~,o reduc t ion  with dif lubenzuron.  At  
50 ppm,  no overall  reduct ions  in popula-  
tion growth  occurred,  bu t  number s  of  L~ 
larvae and  adults  were reduced  by BAY 
SIR 8514. A h h o u g h  not  significant, diflu- 
benzuron appeared  to s t imulate  total pop- 
ula t ion growth,  par t icular ly  the numbers  
of [~'s, L / s ,  and  adults.  

To ta l  popula t ions  o f  A .  n a n u s  were re- 
duced 62% and 89% by 300 p p m  difluben- 
zuron and  BAY S I R  8514, respectively (Ta- 
ble 4). Popu la t ions  in media  t rea ted  wi th  
BAY SIR  8514 had  only  6% oF L2 and  La 
larvae compared  to  the control  popu la t ion .  
At 50 ppm,  BAY SIR  8514 had  no  effect on  
/1. n a n u s  development ,  whereas difluben- 
zuron s t imula ted  an increase in all life 
stages. 

Exposure  of  single gravid females of  /1. 
7 m n u s  or D. i h e r i t i e r i  to media  con ta in ing  
d i f lubenzuron  or  BAY S1R 8514 at 300 p p m  
resulted ill decreased egg p r o d u c t i o n  a n d  
decreased egg ha tch  (Tables  5, 6). T h e  rate 
of embryona t i on  was inhibi ted,  wi th  m a n y  
eggs r emain ing  in tile two-cell stage longer  
than normal .  Also the rate of larval devel- 
oF.ment lagged. Consequent ly  the number s  
of larvae (L.,-1, 0 were progressively fewer 
and adults  absent  or rare  in t reated plates. 

'Fable 3. Effect of insect growth regulators (lGRs) on the population development oF Diplogaster 
iheritieri on Pseudomonas pseudoalcaligenes on PDA. 

Rate Number/plate at 2 wk 
IGRs (ppm a.i.) Adults L 4 L 3 + L 2 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 S1R 8514 50 900 (54) 2,600 (48) 39,000 (101) 42,500 (93) 

LSD5% 677 2,060 n.s. n.s. 

Control 0 4,700 10,200 33,200 48,100 
Diflubenzuron $00 2,600 (55) 4,700 (46) 24,900 (75) 32,200 (67) 
Bay SIR 8514 30O 515 (11) 1,120 (11) 2,450 (7) 4,080 (8) 

LSD5% 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 populat ion development of Acrobeloides 
nanus on Pseudomonas pseudocaligenes on PDA. 

Rate Number /p la te  at  2 wk 

IGRs (ppm a.i.) Adults L 4 L3+ L 2 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) 

LSD5% 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) 

LSD~% 1,240 1,028 7,000 8,014 

*Values in parentheses are percent of control. 

In the controls the life cycle of A. nanus  
was ca. 10 days, whereas tltat 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 difiubenzuron but  it did in 
the presence of BAY SIR 8514. In  the pop- 
ulation studies, inoculum was composed 
only of larvae wlticla 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 seo_sitive 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 /p la te  
IGRs (ppm a.i.) (day) Eggs L 2 L:~ L 4 Adults 

Control 

Diflubenzuron 

Bay SIR 8514 

0 0 0 
2 3 
4 16 
6 31 7 1 
8 30 9 6 3 

10 26 9 13 7 2 

300 0 0 
2 0.1 
4 0.1 
6 3 0.3 
8 2 2 

lO 4 2 2 0.1 0 

300 0 0 
2 1 
4 4 
6 3 1 
8 II 1 0.2 

10 8 2 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 2 L 3 L a Adults 

Control 0 0 
2 0.2 0.2 0.2 
4 0.2 1.0 1.0 
8 86.0 20.0 31.0 

Diflubenzuron 300 0 

Bay SIR 8514 300 

1.0 1.0 
15.0 15.0 

2 1.4 0.I 
4 1.7 0.I 0.1 
8 1.8 0.3 0.2 0 o 

0 
2 1.1 0.7 0.4 
4 1.3 1A 1.0 
8 14.0 1A 0 0.9 1.0 

*Inoculum single female/dish. 

(17) to suppress  the  p o p u l a t i o n  deve lop-  
m e n t  of Acrobeloides sp. a n d  Panagrellus 
sp. F u r t h e r m o r e ,  he f o u n d  Pel'o.dera sp. to  
be m o r e  sensit ive,  r e q u i r i n g  on ly  10 p p m  
a.i. o f  d i f l ubenzu ron  to i n h i b i t  p o p u l a t i o n  
deve lopmen t .  

T h e  m o d e  of  ac t ion  o / t h e s e  I G R s  is un- 
cer ta in .  Most  au tho r s  agree  tha t  I G R s  of  
the  d i f l u h e n z u r o n  a n d  BAY S I R  8514 type  
d i s r u p t  the  f o r m a t i o n  of  insect  cut ic le .  
C h i t i n  synthe tase  has been  sugges ted  as the  
ta rge t  by severa l  inves t iga tors  (6,7,14). 
However ,  Maye r  et al. (9,10) a n d  C o h e n  
and  Cas ida  (5) recen t ly  have  shown tha t  
n e i t h e r  o[ these I G R s  d i rec t ly  affect ch i t i n  
synthetase .  A n o t h e r  r ecen t  s tudy  (8) ind i -  
ca ted  tha t  I G R s  are d i r ec t - ac t ing  ser ine  
p ro tease  i n h i b i t o r s  t h a t  b lock  the conver-  
s ion of ch i t in  synthe tase  zymogen  i n t o  ac- 
t ive enzyme.  However ,  ch i t i n  has n o t  b e e n  
i so la ted  fi 'om la rvae  or  a d u l t s  (2,3,4) of  
nematodes ,  a l t h o u g h  i t  does occur  in  the  
eggs of several  species (3), a n d  Veech  (16) 
has  obse rved  ov ic ida l  effects of  d i f luben-  
zuron on  o t h e r  n e m a t o d e  species. Effects 
shown h e r e  on  eggs m a y  be  cons i s t en t  w i t h  
the  i n h i b i t i o n  of  ch i t i n  synthesis  obse rved  
wi th  insects,  b u t  effects on  larvae ,  as shown 
wi th  BAY S I R  8514 on  A. a,venae a n d  D.  
iheritieri,  are  no t  as r e a d i l y  e x p l a i n e d .  
M a y e r  et  al.  (10 have sugges ted  tha t  I G R s  
may  i n h i b i t  N-ace ty lg lucosamine  trans-  
ferases or  g lucosyl t ransferases  which  may,  a t  
least  in  nema todes ,  be  i m p o r t a n t  in  g u t  o r  
o t h e r  surface m e m b r a n e  synthesis.  

T h e  lower  suscep t ib i l i t y  of A.  avenae 
to these I G R s ,  as c o m p a r e d  to D. iheritieri 
a n d  A. nanus, m a y  be r e l a t ed  to the  m o d e  
of f eed ing  by  these nema todes .  Bo th  D. 
iheritieri a n d  A. nanus  are  pa r t i c l e - f eed ing  
nematodes ,  whereas  A. avenae pierces a n d  
feeds on  the  con ten t s  o f  funga l  hyphae .  
T h e  I G R s  have  a r e la t ive ly  low wate r  solu- 
b i l i ty  a n d  are  nonsys temic .  G e n e r a l l y  these  
chemica l s  mus t  be  inges ted  by  insects  to 
have  an  effect (12). I t  is poss ible  t ha t  up-  
take  a n d / o r  e x p o s u r e  by  A. avenae was less 
t han  tha t  of  the  o t h e r  two species. 
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Effect of Soil Water Potential on Survival of 
Meloidogyne jovanica in Fallow Soil 1 

A. J. TOWSON 2 and W. J. ArT s 

Abstract: A na t u r a l  infes ta t ion of Meloidogyne javanica in an  aggregated  Oxisol  decl ined a t  
an  exponen t i a l  ra te  when  a l iquots  of  the  soil were s tored for 72 days in po lye thy lene  bags a t  
~ar ions  soil water  po ten t ia l s  (xIp). T i m e  per iods  r equ i r ed  for r educ t ion  in soil infes ta t ions  by 
50% were 2.7, 4.9, 110, 10, and  2.6 days at  ~ of  --0.16, --0.30, --1.1, --15, and  --92 bars, re- 
spectively. I n  the  wet ter  soils, at  ~ of  --0.16, --0.30, and  --1.1 bars,  the  p r e d o m i n a n t  s tage re- 
covered was the  second-stage larva.  In  the  dr ier  soils, at  o/ of  --15 a n d  --92 bars,  bo t h  eggs a n d  
larvae were recovered with ne i the r  s tage  p r e dom i na t i ng .  Inc idence  of  coiled larvae was in-  
s'ersely related to the  qt va lue  of the soil, a grea ter  incidence occurr ing  in the  dr ier  soils. After  
15-32 days, percentages  of  coiled larvae were 13, 27, 55, 65, a nd  88% in soil at  ~ of  --0.17, --0.60, 
~1.9,  --15, a n d  --82 bars, respectively. Key words: n e m a t o d e  extract ion,  quiescence,  coiling. 

Jou r na l  of  Nemato logy  15(1):110-I 15. 1983. 

Root-knot nematodes (Meloidogyne 
Goeldi spp.) can survive in fallow field sol1 
for years (8,12,14,16). Studies have shown 
that survival diminishes more rapidly if 
the soil is either wetted (15) or dried (2). 
T h e  report ing of soil moisture content  in 
field studies has been limited to gravimetric 
percentage, percentage of saturation, or per- 
centages of the moisture equivalent and  
wilting point. Soil moisture content  in 
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terms of water potential  (~) has not  been 
reported. T o  determine the effect of ~ on  
survival of M. javanica (Treub)  Chitwood 
in soil is the object of this study. T h e  effect 
of ~ on the incidence of anhydrobiot ic  
coiling of larvae (5,6,7) will also be de- 
scribed. 

MATERIALS A N D  M E T H O D S  

A naturally infested soil of the Wahiawa 
series, an aggregated Oxisol, was taken from 
fields of the former experiment  station of 
the Pineapple Research Insti tute at Waipio  
on Oahu. T h e  fields had been under  con- 
t inuous pineapple cultivation for more than 
20 years and were heavily infested with M. 
javanica. Other  plant  parasitic nematodes-- 
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