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Abstract: Populat ion densities of tire r ~ t - k n o t  nematode, Meloidogyne incognita, were lower 
after 90 days in soil planted to digitgrass (Digitaria decumbens cv. Pangola) than in soil left 
fallow or planted to tomato. Roots of tomato seedlings interplanted with Pangola digitgras,s 
were less galled than were roots of tomato seedlings planted alone. Fewer second stage larvae 
invaded roots of Pangola digitgrass than tomato and those that entered the grass roots failed 
to develop beyond the late second stage. Key words: antagonistic plant,  biological control, 
digitgrass, root-knot nematode. Journa l  of Nematology 15(I):102-105. 1983. 

Digitgrass (Digitaria decumbens Stent. 
cv. Pangola) is a forage grass which origi- 
nated in Africa and was released to Florida 
livestock producers in 1945 (2). T h e  grass 
can be used for grazing, for hay, or for silage 
(4).Winchester and Hayslip (9) reported a 

rapid reduction of established populations 
of Meloidogyne incognita acrita by Pangola 
digitgrass; when pure stands of the grass 
were maintained in plots, no M. incognita 
acrita were found in the soil 2 months after 
establishment. However, since stands usu- 
ally are infested with weeds, Winchester (8) 
indicated that it may take up  to 2 years to 
eliminate M. incognita acrita with Pangola 
digitgrass. 

Overman (7) sampled 74 pastures of 
Pangola digitgrass ranging in age from 1 
to 17 years and reported that Meloidog'yne 
(M. incognita) was detected in only one 
pasture; that pasture was in tomato pro- 
duction the previous year. 

Hayslip et al. (3) suggested that Pangola 
digitgrass could he used in rota t ion with 
tomato product ion in Florida because it 
controlled M. incognita acrita, reduced 
weeds, reduced fruit  rot  caused by Rhizoc- 
tonia so.lani Kuehn, and had other  benefi- 
cial effects. Ayala et al. (1) suggested that 
Pangola digitgrass could be included in a 
rotation with pineapple because it con- 
trolled M. incognita as well as species of 
Criconernoides and Helicotylenchus. 

T h e  objective of the research reported 
here was to investigate fur ther  the effects 
of Pangola digitgrass on M. incognita. 
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MATERIALS AND M E T H O D S  

Th e  populat ion of the root-knot nema- 
tode, Meloidogyne incognita, used in these 
investigations was designated M. incognita- 
118 collected from potato (Solanum tubero- 
s u m  L.) in St. John's County, Florida (6). 
T h e  populat ion was increased on tomato 
(Lycopersicon esculentum Mill. cv. Mana- 
lucie). T h e  following were common to all 
experiments: 5-week-old Manalucie tomato 
seedlings and 5-week-old rooted cuttings 
of Pangola digitgrass; egg masses of ~/'. 
incognita picked from the root  surface of 
the stock plants; Arredondo fine sand, steam 
sterilized for 15 rain under pressure of 1.41 
kg/cm 2 (15 psi); all experiments conducted 
in a greenhouse with temperatures at ap- 
proximately 25 C (78 F); seedlings watered 
as needed and once a week each received 
about  100 ml of a solution made up  with 
1 g/ l i ter  o[ Nutrisol fertilizer 12-10-12 
analysis. 

Effect of Pangola digitgrass on a popu- 
lation o/ M. incognita. Eighteen pots (15- 
cm d) were filled with soil and each was 
infested with eight egg masses. Six of the 
pots were planted with one Pangola digit- 
grass cutt ing each, six with one Manalucie 
tomato seedling, and six were left fallow 
as controls. After 3 months, a 100-cm s soil 
sample was processed from each pot  using 
a centri[ugation-sugar flotation method (5) 
and the number  of larvae counted. T h e  
plant roots were washed and observed for 
galls and egg masses. 

Effect of Pangola digitgrass interplanted 
with tomato on populations o,[ M. incognita. 
Twelve pots were filled with soil and each 
was infested with eight egg masses of M. 
incognita. One Pangola digitgrass cutt ing 
:rod one tomato seedling were interplanted 
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in each of six pots. One tomato seedling was 
planted in each of the six control pots. 
After 3 months, data were taken as for the 
previous experiment.  

Recovery of second-stage larvae o.f M. 
incognita from roots of tomato plants ver- 
sus Pangola digitgrass. Eighteen pots were 
planted with one tomato seedling each and 
18 with one Pangola digitgrass cutting; each 
was infested with 20 egg masses. After 1, 2, 
and 3 months, roots of six Pangola digit- 
grass and six tomato plants were washed, 
comminuted in a food blender for 30 sec, 
and placed in a modified Baermann funnel. 
After 24 hours, the larvae were collected on 
a 500 mesh sieve and washed into a Syracuse 
watch glass for counting. 

Larval penetration and development in 
Pango,la digitgrass. 

Experiment  A: Each of 44 pots was in- 
fested with eight egg masses of M. incognita. 
Twenty-two pots were planted with one 
Pangola digitgrass cutt ing and 22 with one 
tomato seedling. 

Every 2 days for 22 days, plants from 
two pots of Pangola digitgrass and two pots 
of tomato were harvested. Roots were 
washed, stained with acid fuchsin in lacto- 
phenol, cleared in lactophenol, mounted 
on slides, and examined for the presence 
ot larvae. 

Experiment  B: T h e  procedures were 
similar to those in Exper iment  A except 
that 60 pots were used, 30 of which were 
infested with 20 egg masses per pot, and 
observations were made over a 30-day 
period. 

Experiment  C: This  exper iment  was 
conducted to study the development  of M. 
incognita in roots of Pangola digitgrass over 
an extended Period of time. Sixty 15-cm 
pots of soil were planted each with one 
Pangola digitgrass cutt ing and each was 
infested with 50 egg masses. Roots of plants 
from three pots were examined every 3 days 
for 90 days using the method in Exper iment  
A. Larvae in the roots were counted and 
the life stage determined. 

RESULTS 

Effect of Pangola digitgrass on a popula- 
tion of M. incognita. Within  3 months of 
planting, fewer than 50 31. incognita larvae 
per pot were recovered from soil under  
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Pangola digitgrass; more than 150 per pot  
were recovered from fallow soil and more 
than 700 per pot from soil under  tomato. 
No galls, females, or egg masses were ob- 
served on Pangola digitgrass roots. 

Effect of Pangola digitgrass interplanted 
with lornato on populations oJ M. incog- 
nita. Root systems of tomato interplanted 
with Pangola digitgrass contained an aver- 
age of eight galls compared with an average 
of 93 on tomato planted alone. An average 
of 192 larvae per pot was extracted from 
soil in terplanted with tomato and Pangola 
digitgrass compared with 912 for tomato 
planted alone. T h e  roots of tomato planted 
alone weighed an average of 2.3 g, while 
those interplanted with Pangola digitgrass 
weighed an average of 16.1 g. All of these 
comparisons were significantly different. 

Recovery of second-stage larvae of M. 
incognita from roots of tomato versus Pan.- 
goIa digitgrass. T h e  numbers of larvae ex- 
tracted from Pangola digitgrass roots in 
months 1, 2, and 3 were an average of 2, 
15, and 5, respectively, compared with an 
average of 62, 102, and 140, respectively, 
from tomato roots. 

Larval penetration and development in 
Pangola digitrass. 

Experiment A: Second-stage larvae of 
M. incognita were observed inside tomato 
roots 6 days after inoculation. Third-  or 
fourth-stage larvae were found after 12 days 
and mature  females after 22 days. No  at- 
tempt was made to distinguish between 
third- and fourth-stage larvae. No  larvae 
or aduhs were observed in Pangola digit- 
grass roots (Fig 1). 

Experiment B: Four  days after inocula- 
tion, second-stage larvae were present; 22 
days alter, females were present; and 24 
days after, eggs were present in tomato 
roots. Second-stage larvae were found in- 
side Pangola digitgrass roots 16 days after  
inoculation, but  none developed beyond the 
second stage (Fig 1). 

Experiment C: Second-stage larvae were 
first found in roots of Pangola digitgrass 
12 days after inoculation. Th e  number  of 
larvae inside the roots reached a peak of 70 
at 42 days after inoculation and declined 
thereafter, with only two detected at day 
90. As observed in Experiments A and B, 
larvae did not  develop beyond the late sec- 
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Fig. 1. Penetration and development of Meloidogyne incognita in roots of tomato (Lycopersicon escu- 
lentum cv. Manalucie) and digitgrass (Digitaria decumbens cv. Pangola) in soil infested with 8 or 20 e g g  

masses. 

o n d  stage. G i a n t  cell  f o r m a t i o n  was n o t  de- 
tec ted  a n d  no  hyper sens i t ive  r e a c t i o n  was 
no ted  in the  p l a n t  tissues a r o u n d  the larvae .  
T h e  l a rvae  were  f o u n d  usua l ly  nea r  r o o t  
t ips,  b u t  some were  o b s e r v e d  in  m a t u r e  
roo t  tissues. 

D I S C U S S I O N  

T h e s e  e x p e r i m e n t s  conf i rmed  the  re- 
por t s  of W i n c h e s t e r  (8) a n d  obse rva t ions  
of  O v e r m a n  (7) t h a t  P a n g o l a  d ig i tg rass  
adverse ly  affects p o p u l a t i o n s  of  a t  least  cer- 
t a in  species of r oo t -kno t  nema todes .  Fur-  
the r  tests showed  tha t  i n t e r p l a n t i n g  Pan-  
gola d ig i tgrass  a n d  t o m a t o  p r o v i d e d  some 
p r o t e c t i o n  of t o m a t o  f rom roo t -kno t  nema-  
tode  damage .  Thus ,  the  p ro tec t ive  p r o p e r t y  
of P an go l a  d ig i tgrass  m u s t  have  been  t rans-  
fe r red  to the  soil  or  to the  t o m a t o  p l a n t  
roots.  

A h h o u g h  second-stage l a rvae  e n t e r  roo ts  
~of P a n g o l a  digi tgrass ,  cons ide r ab ly  fewer 

do  so t han  en te r  t o m a t o  roots,  a n d  those 
tha t  do  en t e r  d o  no t  d e v e l o p  b e y o n d  the 
la te  second stage. 

W e  d o  no t  know why r e l a t i ve ly  few 
larvae  e n t e r  roots  of P a n g o l a  d ig i tgrass  or  
why they d o  no t  d e v e l o p  b e y o n d  the  second 
stage. However ,  p r e l i m i n a r y  d a t a  i n d i c a t e  

tha t  g i a n t  cells a re  no t  f o r m e d  by  the  p l an t .  
Since these  are  the  " nu r se "  ceils o n  w h i c h  
the s eden ta ry  l a rvae  a n d  a d u l t  females  feed, 
d e v e l o p m e n t  of  t he  l a rvae  w o u l d  no t  be 
poss ib le  w i t h o u t  t i le  f o r m a t i o n  of such spe- 
c ia l ized  ceils. I t  is possible,  too, t ha t  the  
p l a n t  does no t  p r o v i d e  an  essent ia l  e l e m e n t  
for  g rowth  of  the  n e m a t o d e ,  t ha t  i t  pro-  
duces  a subs tance  wh ich  p reven t s  g rowth  
a n d  d e v e l o p m e n t ,  or  t ha t  i t  p roduces  a 
toxic  subs tance .  
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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 GR  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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