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Root Penetration by Meloidogyne incognita Juveniles 
Infected with Bacillus penetrans 1 

STEPHEN M. BROWN 2 AND GROVER C. SMART, JR? 

Abstract: Bacillus penetrans inhibited penetration by Meloidogyne incognita second-stage juveniles 
(J2) into tomato roots in the laboratory and greenhouse. Spores from this Florida population of B. 
penetrans attached to J2 of  M. javanica, :14. incognita, and M. arenaria. A greater proportion of  J2 of 
M. javanica were infected than were J2 of either M. incognita or M. arenaria, and a greater number 
of  spores attached to M. incognita than to M. arenaria. 

Key words: bacterial spore parasite, biological control, root-knot nematode. 

Prasad (4) reported several experiments 
that suggested infection ofMeloidogyne spp. 
second-stage juveniles (J2) by Bacillus pen- 
etrans (Thorne) Mankau reduced the num- 
ber of nematodes entering roots; our field 
evaluations (unpubl.) indicated the same. 
Stirling (7) reported also that in field plots 
treated with B. penetrans, reduced numbers 
of  juveniles of  M. javanica (Treub) Chit- 
wood invaded tomato roots. Our  objectives 
were to determine ifB. penetrans infection 
decreased the ability ofM. incognita to pen- 
etrate tomato roots and to determine if 
spores of  this population of  B. penetrans 
attached to J2 of  the other  two Meloidogyne 
spp. important in Florida, M. javanica and 
M. arenaria (Neal) Chitwood. 

MATERIALS AND METHODS 

Root penetration by M. incognita 
Laboratory: The effect ofB. penetrans in- 

fection of  M. incognita J2 on their penetra- 
tion into tomato roots (Lycopersicon esculen- 
turn Miller cv. Rutgers) was investigated 

Received for publication 21 May 1984. 
t Florida Agricultural Experiment Stations Journal Series 

Paper No. 5771. 
2 Division of Nematology, University of California, Davis, 

CA 95616. 
Department of Entomology and Nematology, University 

of Florida, Gainesville, FL 32611. 

using a modified penetration inhibition test 
(1). Ten  cubic centimeters quartz sand 
(99.3% sand, 0.3% silt, 0.4% clay with a 
sand particle size distribution of  22% 1- 
0.5 mm, 41.4% 0.5-0.25 mm, 35.4% 0.25-  
0.1 mm, 0.5% 0.1-0.05 mm) and 4 ml water 
were added to 25-ml glass vials into which 
were injected 50 M. incognita J2 in water. 
Each of  two t rea tments- -J2  infected with 
B. penetrans collected from MacClenny, 
Florida, and noninfected (control)J2--was 
replicated 25 times, and the vials were ar- 
ranged in a completely randomized design. 

Infected J2 were obtained by adding 
healthy J2 to 100 cm 3 B. penetrans-infested 
potting soil (90.6% sand, 3.9% silt, 5.5% 
clay) that had been moistened and incu- 
bated for 3 days at 28 C before addition 
of  nematodes. After 3 days at 28 C, the J2 
were extracted from the soil by modifica- 
tions of  a sieving and centrifugation meth- 
od (3). The  control J2 were treated iden- 
tically except they were added to soil not 
infested with B. penetrans. 

A random sample of  30 J2 from each 
treatment was examined (at 200 x) to de- 
termine the number  of  attached spores be- 
fore adding J9 to the bioassay vials. Twen- 
ty-five J2 from the infested soil each had 
more than 20 spores attached to their cu- 
ticles. Five J2 each had 13 spores attached, 
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TABLV. 1. N u m b e r s  o f  spores  o f  Bacillus penetrans 
a t t ached  to samples  o f  juven i l es  (]2) o f  Meloidogyne 
incognita used  in g r e e n h o u s e  e x p e r i m e n t s  on  pene-  
t ra t ion  o f  roots  by the  n e m a t o d e .  

TABLE 2. N u m b e r  o f  galls on  t oma to  roots  7 days 
a f te r  inoculation with 50 juven i l es  (J2) of Meloidogyne 
incognita no t  infec ted  (control) and  infec ted  with Ba- 
cillus penetra ns. 

Experi- Duration Number of Number of Fre- 
ment (days) J2 /pot  spores/J2* quency 

1 30 325 0 10 
1 8 
2 3 
5 1 

10 1 
12 1 
15 1 
16 1 

> 2 0  4 

2 14 325 0 20 
1 4 
2 2 
3 1 
4 1 
5 1 
8 1 

3 14 35 0 12 
1 10 
2 1 
3 1 
4 1 
9 1 

12 1 
16 1 

> 2 0  2 

* No spores were observed on juveniles from the control. 

one had 10 spores, and three each had a 
single spore. None of  the 30 J2 from non- 
infested soil had attached spores. 

Twenty-four  hours after infesting the 
vials with M. incognita J2, one tomato seed- 
ling was planted in each vial. The  vials were 
placed randomly in an incubator at 28 C 
with a cycle of  13 hours light (260 lux) and 
11 hours dark. After 7 days, galls on roots 
were counted and the effect of  parasitism 
by B. penetrans on the formation of  galls 
by nematodes was tested with the Wilcox- 
on rank sum test (2). 

Immediately after the galls were count- 
ed, the seedlings were transplanted into 
10-cm-d clay pots containing potting soil 
and grown in a greenhouse.  After 14 days 
in the greenhouse,  the seedlings were re- 
moved from pots and the root  systems were 
stained with acid fuchsin in lactophenol to 
aid in counting the nematodes within the 
roots (6). This procedure  was undertaken 
to corrobora te  that the root  galls present 
were formed by nematodes at established 
feeding sites and to account for J2 that 

Control* Infected* 

Number of Number of 
galls/plant Frequency galls/plant Frequency 

0 6 
1 4 
2 4 
3 5 
4 1 
5 2 
6 1 
7 2 

0 17 
1 7 
3 I 

* The Wilcoxon rank sum test indicated fewer galls formed 
by infected J2 than than by healthy J2 (P < 0.001). 

might have entered the roots but had not 
initiated galls within 7 days. 

Greenhouse: Tomato  plants were inocu- 
lated with noninfected or B. penetrans-in- 
fectedJ2 which were obtained as described 
previously. In three experiments carried 
out for 14 or 30 days, 35 or 325 J2 were 
added to each of  six pots per t reatment  
(Table 1). In each experiment,  random 
samples of 30 J2 were examined to deter- 
mine the number  of  attached spores before  
they were added to the pots (Table 1). 

At the end of  the experiments,  plants 
were removed from the pots. When 35 ju- 
veniles were used, the entire root  system 
was stained with acid fuchsin in lactophe- 
nol; when 325J2  were used, a 4-g random 
sample of roots was stained. T h e  numbers 
of  nematodes within the roots in the two 
treatments were compared with the Wil- 
coxon rank sum test. 

Attachment of spores to Meloidogyne spp. J2 
Random subsamples of  30 cm 3 dried pot- 

ting soil infested with B. penetrans were 
placed in 30-cm ~ plastic cups. The  soil was 
moistened with 10 ml distilled water, and 
the cups were incubated for 3 days at 28 
C; noninfested potting soil was the control. 
Treatments  were M. javanica, M. incognita, 
and M. arenaria. Each t reatment  was rep- 
licated four times with cups arranged in a 
randomized design on an incubator shelf. 
Then  1,000J2 ofM. javanica, M. incognita, 
or M. arenaria in water were injected into 
the cups, and the cups were incubated for 
3 days at 28 C. The  J2 were extracted from 
the soil by the method described previ- 
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TABt~V. 3. N u m b e r s  o f  Meloidogyne incognita in to- 
ma to  roots  14 o r  30 days a f te r  inocula t ion  with ju -  
veniles (I2) no t  infec ted  (control)  a n d  infec ted  with 
Bacillus penetrans in t h e  g r e e n h o u s e .  

Experiment Control Infected 

1" 28 8 
38 24 
38 32 
41 32 
61 38 
62 53 

2* 30 1 
34 25 
35 36 
59 41 
63 45 
67 58 

3t 3 o 
6 0 
9 1 
9 1 

13 2 
18 7 

In Experiments 1 and 3 fewer infected than noninfected 
J2 developed in the roots (P = 0.066 and P = 0.004). In Ex- 
periment 2 no difference could be claimed (P = 0.197). 

* Nematodes per 4 g roots. 
"j" Nematodes per root system. 

ously, and a random sample of  50 J2 per 
cup was examined (at 200 x) for parasitism 
by B. penetrans. The  independence of  the 
percentage of  infected J2 and the species 
of Meloidogyne was tested with the log like- 
lihood ratio G statistic (5). 

R E S U L T S  

Root penetration by M. incognita 
Laboratory: Fewer galls occurred on roots 

of  tomato plants inoculated with M. incog- 
nita J2 infected with B. penetrans than on 
roots inoculated with noninfected J2 (Ta- 
ble 2). The  total number  of  galls formed 
on the roots after 7 days was 10 for the 
infected nematodes and 61 for the control 
nematodes; after 21 days, the number  of  
infected nematodes in roots was 9 com- 
pared with 101 noninfected nematodes. 

Greenhouse: In Experiments 1 and 3, but 
not in Experiment 2, fewer infected than 
noninfected nematodes developed in to- 
mato roots (Table 3). 

Attachment of spores to Meloidogyne spp. J2 
Spores of  B. penetrans attached to the 

cuticles of  nematodes of  all three species. 
The  numbers of  200J2  of  the three species 

of  Meloidogyne with spores attached were 
M. javanica 157, M. incognita 95, and M. 
arenaria 105. A greater proport ion of  M. 
javanica J2 were infected than were those 
of  either M. incognita or M. arenaria, and 
the corresponding proportions for M. in- 
cognita and M. arenaria were not found to 
be different (o~ = 0.04). Nearly all infected 
M. javanica J2 and the majority of  infected 
M. incognita J2 had more than 15 attached 
spores; the infected M. arenariaJ2 had few- 
er than seven attached spores, except for 
one heavily infected specimen. 

D I S C U S S I O N  

Our results demonstrate that B. pene- 
trans infection of  M. incognita J2 decreases 
root penetration by the J2. Prasad (4) re- 
ported greenhouse tomatoes inoculated 
with M. incognita had fewer galls on roots 
when grown in soil containing B. penetrans 
than in bacterium-free soil and M. javanica 
J2 heavily infected with B. penetrans formed 
fewer galls on tomato roots than did non- 
infected J2. In other  treatments of  Prasad's 
study, J2 with moderate  infection pro- 
duced intermediate numbers of  galls on 
tomato roots, suggesting that inhibition of  
root  penetration may be related to the 
number of  spores attached to a J2. This 
relationship was confirmed experimentally 
(7). The  influence of  the number  of  in- 
fected J2, and their degree of  infection, 
and the lowered incidence of  root  pene- 
tration, as well as the mechanism by which 
penetration is inhibited, need investiga- 
tion. 

The  population of  B. penetrans used in 
the present study attaches to M. javanica 
and M. arenaria as well as M. incognita. As- 
suming that attachment of  spores indicates 
a host-pathogen relationship between the 
organisms, the Florida population of  B. 
penetrans may be promising for use against 
the three most important Meloidogyne spp. 
(M. javanica, M. incognita, M. arenaria) in 
Florida (R. A. Dunn, pers. comm.). More- 
over, since this population of  B. penetrans 
attached in greater numbers to J2 of  M. 
javanica than M. incognita, it may more ef- 
fectively inhibit M. javanica. 
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Nematode Community Structure in Dogwood, 
Maple, and Peach Nurseries in Tennessee 1 

T .  L. NIBLACK AND E. C. BERNARD 2 

Abstract: Nursery blocks (48 dogwood, 27 maple, 17 peach) in 20 middle Tennessee nurseries 
were sampled for nematodes in March,July, and October  1981. Dogwoods and maples were grouped 
in three  age classes: 1-2, 3-5,  and 10 + years. Nematodes were extracted from soil samples, counted, 
and assigned to trophic groups as follows: plant parasites, microbivores, fungivores, predators,  and 
omnivores (= Dorylaimida). Total nematode numbers  per  200 cm s soil ranged from 52 to 9,166 
(mean = 1,785 _+ 1,420). Nematodes were more abundant  in dogwood and maple than in peach 
blocks, and their  numbers  were significantly correlated with percentage of weed ground cover and 
number  of  weed species. Nematode numbers  in dogwood sites were also correlated with dogwood 
age. Microbivores were the most abundant  trophic group in all sites, followed by plant parasites, 
fungivores, omnivores, and predators.  Nematode communities in nursery sites shared characteristics 
of bo th  undis turbed and agricultural habitats. Degree and diversity of plant ground cover appeared 
to be the most important  factors determining nematode community structure. 

Key words: Cornus florida, Acer rubrum, Prunus persica, trophic groups. 

The  factor having the greatest influence 
on the distribution and density of  soil-in- 
habiting nematodes is the presence of  a 
food source, which is affected by a multi- 
tude of  other  factors. A positive relation- 
ship usually exists between the degree of  
vegetative cover in nonagricultural ecosys- 
tems and nematode abundance regardless 
of  trophic classification (13). Intensively 
managed ecosystems tend to support a 
greater relative abundance of  plant feed- 
ing nematodes than do nonagricultural 
ecosystems (3). 

Received for publication 29 May 1984. 
A portion of a thesis submitted by the senior author in 

partial fulfillment of requirements for the M.S. degree in 
Entomology and Plant Pathology. 

2 Former Graduate Research Assistant and Associate Pro- 
fessor, Department of Entomology and Plant Pathology, Uni- 
versity of Tennessee, Knoxville, TN 37901. Present address 
of senior author: Department of Plant Pathology, University 
of Georgia, Athens, GA 30602. 

The authors thank W. L. Sanders (University of Tennessee) 
and Glenn Ware (University of Georgia) for guidance in the 
statistical analyses, and R. Miles (University of Tennessee) 
for advice on soil analyses. 

Soil-dwelling nematodes are often clas- 
sified according to trophic groups for com- 
munity analysis on the assumption that 
compet i t ive  interact ions  are minimal 
among groups with different food sources, 
and these classification schemes are based 
on known feeding habits or assumed ones 
according to the nematodes'  morphologi- 
cal characters. Literature on nematode 
community structures based on trophic 
group comparisons was recently reviewed 
(3,13). Such studies have mostly been con- 
fined to nonagricultural habitats. 

The  purpose of  this study was to char- 
acterize the nematode population in a rel- 
atively lightly managed agricultural habi- 
tat and to determine which of  several plant 
and edaphic factors had the greatest effect 
on nematode community structure. Dog- 
wood (Comus florida L.), red maple (Acer 
rubrum L.), and peach (Prunus persica (L.) 
Batsch) nursery sites were chosen for study 
to represent ornamental, shade, and fruit 
trees; peach nursery trees are managed 


