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Efficacy of Paecilomyces lilacinus in Suppressing 
Rotylenchulus reniformis on Tomato 1 

8. ALAN WALTERS AND KENNETH R. BARKER 2 

Abstract: Effects of rice-cultured Paecilomyces lilacinus on Rotylenchulus reniformis were studied in 
both greenhouse and field microplot tests with 'Rutgers' tomato. Numbers of R. reniformis were 
reduced (P ~< 0.05) by P. lilacinus, with suppression in the initial greenhouse test ranging from 46 to 
48% for two rice + P. lilacinus treatments; the rice-only t reatment  caused a nonsignificant reduction 
of  25%. In the second greenhouse test, total R. reniformis numbers  were restricted (P ~< 0.05) by 41% 
by the rice + P. lilacinus treatment,  whereas the rice-only t reatment  had a slight negative effect (16% 
inhibition, NS). Total numbers  of R. reniformis were suppressed 59 and 36% at midseason and 
harvest, respectively, in microplots infested with P. lilacinus. The fungus was recovered from egg 
masses via isolations in the second greenhouse test. Shoot and fruit growth of Rutgers tomato were 
restricted by R. reniformis in the initial greenhouse test irrespective of P. lilacinus treatment,  but this 
nematode did not affect fresh shoot weights in the second greenhouse test, The  nematode also 
limited shoot growth of Rutgers tomato in microplots, and P. lilacinus suppressed R. reniformis 
numbers  sufficiently to prevent related impairment  of shoot and fruit growth. This study indicated 
that  P. lilacinus has detrimental  effects on R. reniformis population development under  both green- 
house and field microplot conditions. 

Key words: biological control, Lycopersicon esculentum, nematode, Paecilomyces lilacinus, reniform 
nematode, Rotylenchulus reniformis, tomato. 

The  fungus  Paecilomyces lilacinus has 
shown potential  as a biological control 
agent for sedentary plant-parasitic nema- 
todes (6). This fungus is an egg parasite of  
sedentary nematode species; eggs of  these 
nematodes are found either in egg masses 
or cysts and thus are more vulnerable to 
fungal attack (6). Paecilomyces lilacinus has 
been effective in controlling species of  
Meloidogyne (7), Tylenchulus (6), Globodera 
(4,8), and Nacobbus (6). Reddy and Khan 
(11) reported that P. lilacinus reduced total 
populations of  R. reniformis on 'Pusa Ruby' 
tomato (Lycopersicon esculentum). 

The objectives of  our experiments were 
twofold: first, to determine whether P. li- 
/ac/nus would suppress R. reniformis on to- 
mato under  greenhouse conditions; and 
second, to evaluate the efficacy of  this fun- 
gus as a biocontrol agent for R. reniformis 
under  field microplot conditions. 
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MATERIALS AND METHODS 

First greenhouse experiment. The repro- 
ductive and damage potentials of  R. reni- 
formis were determined on 'Rutgers' to- 
mato in soil infested with P. lilacinus under  
greenhouse conditions. An isolate of  P. li- 
lacinus obtained from the International Po- 
tato Center, Lima, Peru (6), was estab- 
lished in microplots near Clayton, North 
Carolina, and later re-isolated from soil 
(3). The  procedure  used to isolate and 
grow P. lilacinus on rice grains was previ- 
ously described (3). The experiment in- 
cluded five treatments: control (no nema- 
tode eggs, no rice grains, and no fungus); 
R. reniformis eggs only; R. reniformis eggs + 
10 g rice grains (rice-only); R. reniformis 
eggs + 5 g rice grains colonized by P. li- 
lacinus; and R. reniformis eggs + 10 g col- 
onized rice. Treatments were randomized 
in a complete block design with five repli- 
cations. Each rice amendment was mixed 
with a loamy sand soil (85% sand, 10% silt, 
and 5% clay) and placed in a 15-cm-d 
(1,700 cm 3 volume) clay pot. Three weeks 
later, Rutgers  tomato plants (2-3 leaf  
stage) were transplanted into soil in pots 
and those pots receiving R. reniformis were 
infested with 5,000 eggs. Extracted with a 
4-minute exposure to 1% NaOC1 (1) from 
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'Better Boy' tomato grown for approxi- 
mately 115 days in a greenhouse with tem- 
peratures averaging from 26-30 C. Exper- 
imental units were watered twice daily and 
fertilized once a week with Peter's 20-20- 
20 (N-P-K) (W. R. Grace & Co., Fogelsville, 
PA). 

Plants were harvested 70 days af ter  
nematode inoculation. Fresh shoot, fruit, 
and root weights, number of vermiform 
nematodes in soil, eggs in soil (2), and 
number of  eggs on roots (1) were deter- 
mined. Data were analyzed statistically, 
with the general linear models (GLM) and 
correlation (CORR) procedures of  SAS 
(13). Treatment  means were compared by 
single degree of  freedom contrasts. 

Second greenhouse experiment) The effects 
of  P. lilacinus on R. reniformis were again 
evaluated on Rutgers tomato under  green- 
house conditions. This test was conducted 
to verify earlier results, as well as to reiso- 
late P. lilacinus from infected egg masses. 
The inocula for P. lilacinus and R. reni- 
formis were prepared in the same manner 
as for the first experiment. The P. lilacinus 
concentration was determined to be 2.0 × 
l0 s cfu/gram of colonized rice. The exper- 
iment involved four treatments: control 
(no nematode eggs, no rice, and no fun- 
gus); R. reniformis eggs only; R. reniformis 
eggs + 10 g rice grains (rice-only); and R. 
reniformis eggs + 10 g rice grains colonized 
by P. lilacinus. Treatments were random- 
ized in a complete block design with five 
replications. Amendment s  were mixed 
with a loamy sand soil (85% sand, 10% silt, 
and 5% clay) and placed in a 15-cm-d 
(1,700 cm ~ volume) clay pot. Three weeks 
later, Rutgers tomato seedlings (2-3 leaf 
stage) were transplanted into soil in pots 
and pots receiving R. reniformis were in- 
fested with 10,000 eggs. Plants were grown 
at temperatures averaging between 25 and 
29 C, watered and fertilized as described 
for the first experiment. 

Plants were harvested 70 days af ter  
nematode inoculation. Fresh shoot and 
root  weights,  numbe r s  o f  v e r m i f o r m  
nematodes in soil (2), eggs in soil (2), and 
numbers of  eggs on roots (t) were deter- 

mined. Five egg masses were collected 
from each root system infected with R. 
reniformis, surface sterilized with 0.5% 
NaOC1 for 30 seconds, rinsed twice in ster- 
ile tap water, and uniformly distributed on 
one Petri dish containing Paecilomyces- 
semi-selective medium (3). Dishes were in- 
cubated at room temperature (approxi- 
mately 25 C) for 5 days before infected egg 
masses were counted, and the number of  
egg masses infected by P. lilacinus were ex- 
pressed as the percentage of  egg masses 
infected (3). Data were analyzed with the 
GLM procedure of SAS (13), and treat- 
ment  means were compared by single- 
degree-of-freedom comparisons. 

Microplot experiment: During 1992, a mi- 
croplot experiment was conducted at the 
Central Crops Research Station, near Clay- 
ton, North Carolina, to determine whether 
P. lilacinus would limit R. reniformis repro- 
duction and (or) damage to Rutgers to- 
mato. Fiberglass microplots were 76-cm-d 
and 50-55 cm in depth. Soil in microplots 
was a Fuquay sand (94.0% sand, 5.5% silt, 
and 0.5% clay). Microplots were fumigat- 
ed with ca. 98 g a.i. methyl bromide + 2 g 
a.i. chloropicrin/m 2 in November before 
spring planting. The test was a 2 × 2 fac- 
torial with R. reniformis (2,500 nematodes/ 
500 cm 3 soil)or no nematodes and two lev- 
els of P. lilacinus (0 to 20 g/microplot) (the 
rice-only treatment was omitted since it 
was not significantly different from the R. 
reniformis-only treatment for total numbers 
of  nematodes in the greenhouse tests). 
Treatments were arranged in randomized 
complete blocks with four replicates. Rice 
grains supporting P. lilacinus were pre- 
pared as in the first greenhouse experi- 
ment. Two weeks before microplot infes- 
tation with R. reniformis, 20 g ofP.  lilacinus- 
colonized rice (1.67 × 10 ~ cfu/500 cm 3 
soil) were incorporated 20 cm deep into 
the soil of each microptot that received the 
fungal treatment. Better Boy tomato roots 
infected with R. reniformis were cut into 
1-cm long pieces and mixed with infested 
soil in which these tomatoes were grown. 
Vermiforms and eggs in soil were deter- 
mined by centrifugal flotation (2), and 
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numbers of  eggs on roots were determined 
by the NaOC1 method (1). TWO liters of 
infested soil and root fragments contained 
450,000 nematodes (eggs and vermiforms) 
which approximated 2,500 nematodes/500 
cm 3 soil in microplots. The no-nematode 
treatment received 2 liters of a moist, ster- 
ile soil mix (85% sand, 10% silt, and 5% 
clay). 

Fruit were harvested and weighed at 
1-week intervals during the harvest sea- 
son. Shoot weights were determined at the 
final harvest. Midseason and end of season 
soil samples were taken and consisted of  15 
cores (2.5-cm-d x 20 cm deep) for each 
microplot. Numbers of  nematodes were 
de te rmined  f rom 500-cm ~ subsamples. 
Soil samples were processed by elutriation 
and centrifugation to extract vermiforms 
(2). Roots were collected during elutria- 
tion, and numbers of eggs on roots were 
determined (1). Data were analyzed using 
the GLM and CORR procedures of SAS 
(13). 

RESULTS AND DISCUSSION 

First greenhouse experiment: Total num- 
bers ofR.  reniformis (eggs and vermiforms) 
were reduced (P ~< 0.05) when treatments 
included P. lilacinus (Table 1). This fungus 

reduced (P ~< 0.05) the total numbers of R. 
reniformis, with a suppression ranging from 
46-48% for the two rice + P. lilacinus 
t reatments compared with the R. reni- 
formis-only treatment (Table 1). 

Numbers of R. reniformis eggs on roots 
were also suppressed by P. lilacinus com- 
pared with either the R. reniformis-only or 
rice-only t reatments .  Both P. lilacinus 
t reatments reduced nematode  eggs on 
Rutgers tomato roots (P ~< 0.05). Numbers 
ofR. reniformis eggs on roots were reduced 
65% for R. reniformis + 5 g infested rice 
and 63% for R, reniformis + 10 g infested 
rice. Numbers of eggs in soil were slightly 
lower (P/> 0.05; NS) for the rice-only and 
rice + P. lilacinus treatments compared 
with the R. reniformis-only treatment, pos- 
sibly indicating that other organisms grow- 
ing on the rice, besides P. lilacinus, were 
detrimental to eggs in the soil or that the 
decomposition of rice produced some sub- 
stance that inhibited nematode develop- 
ment  (5,9). No t reatments  suppressed 
numbers of vermiforms found in the soil; 
however, there was a slight, but nonsignif- 
icant, decrease for numbers of vermiforms 
in the P. lilacinus treatments (Table 1). The 
absence of differences between the P. li- 
lacinus treatments for all responses (Table 
1) indicated that there was not a dosage 

TABLE 1. Impact  of  Paecilomyces lilacinus on Rotylenchulus reniformis reproduct ion  on 'Rutgers '  tomato in 
a greenhouse .  

Rotylenchulus reniformis numbers (in 1,000's) 

Fruit and shoot Eggs Eggs Vermiforms Total number 
Treatment weight (g) on roots in soil in soil nematodes 

1. Control  (no eggs, no rice, 
or  no fungus)  289 . . . .  

2. 5,000 eggs 177 51 61 62 174 
3. 5,000 eggs + 10 g rice 207 52 32 47 131 
4. 5,000 eggs + 5 g rice 

w/P. lilacinus 196 15 36 40 91 
5. 5,000 eggs + 10 g rice 

w/P. lilacinus 185 20 41 33 94 
CV (%) 18 66 83 46 49 
Linear  contras ts t  

l v s .  2 + 3 + 4 + 5 *** . . . .  
2vs .  4 + 5 NS * NS NS * 
3 vs. 4 + 5 NS * NS NS NS 

Data are means o f  five replications of one plant each. * and *** indicate significance at P ~< 0.05 and 0.001, respectively. NS 
= not significant. 

t Treatment 2 vs. 3 + 4 + 5, 2 vs. 3, and 4 vs. 5 were not significant for all variables listed. 
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effect for R. reniformis control by this fun- 
gus. 

Rotylenchulus reniformis suppressed shoot 
and fruit growth of Rutgers tomato in the 
greenhouse; there was a significant differ- 
ence between the control and all treat- 
ments that included R. reniformis for shoot 
and  f ru i t  weights  (Table 1). Toma to  
growth did not differ between the R. reni- 
formis-only and the treatments that in- 
cluded rice-only or rice + P. lilacinus, in- 
dicating that P. lilacinus did not alter the 
suppression of tomato growth due to R. 
reniformis. All measures of nematode re- 
product ion  were negatively correlated 
with shoot and fruit growth: eggs in roots 
(r = -0 .41,  P = 0.06), eggs in soil (r = 

- 0.61, P = 0.003), vermiforms in soil (r = 
-0 .63,  P = 0.002), and total nematode 
numbers (r = -0 .66 ,  P = 0.0009). 

Second greenhouse experiment: Eggs and 
vermiforms of  R. reniformis were again 
suppressed by P. lilacinus. Total numbers 
of  R. reniformis were reduced 41% when 
compared with the nematode-only treat- 
ment, but not when compared to the rice- 
only treatment (Table 2). Total numbers 
of nematodes for the rice-only treatment 
were suppressed by 16% when compared 
with the R. reniformis-only treatment, indi- 
cating that rice had a negative effect on R. 
reniformis population development. 

Numbers of  R. reniformis eggs on roots 

were suppressed (P ~< 0.05) by P. lilacinus 
compared with the R. reniformis-only or 
r ice-only t r ea tmen t ;  the fungus  sup- 
pressed nematode reproduction as indi- 
cated by the lower numbers of eggs found 
on the roots of Rutgers tomato. Rice + P. 
lilacinus limited the number  of  eggs on 
roots (P ~< 0.05), whereas the rice-only 
treatment did not affect numbers of eggs 
on roots (Table 2). Paecilomyces lilacinus was 
successfully recovered from 48% of the 
egg masses picked from roots grown in 
fungus-infested soil (Table 2). Attempts to 
recover P. lilacinus from egg masses from 
all other treatments infected with R. reni- 
formis were unsuccessful. 

Numbers of eggs in soil were lower for 
the rice-only and rice + P. lilacinus treat- 
ments compared with the R. reniformis-only 
treatment, again possibly indicating that 
either organisms colonizing the rice or 
products from rice decomposition were 
detrimental to eggs in the soil (5,9). No 
t rea tment  affected numbers  of  vermi- 
forms found in the soil, although slightly 
fewer vermiforms were recovered in the 
rice + P. lilacinus treatment (Table 2). Re- 
striction in numbers of vermiforms in soil 
could result from reduced numbers of vi- 
able eggs, since P. lilacinus is reported only 
to infect eggs (7). None of the treatments 
affected shoot growth of Rutgers tomato 
in this test. 

TABLE 2. Effects o f  Paecilomyces lilacinus on Rotylenchulus reniformis reproduct ion  on 'Rutgers '  tomato in 
a greenhouse .  

Rotylenchulus reniformis numbers (in 1,000's) 

Eggs Eggs Vermiforms Total number Egg mass 
Treatment on roots in soil in soil nematodes infection (%) 

1. Control  (no eggs, no rice, 
or  no  fungus)  . . . .  

2. 10,000 eggs 11 18 27 56 
3. 10,000 eggs + 10 g rice 12 8 27 47 
4. 10,000 eggs + 5 g rice 

w/P. lilacinus 6 6 21 33 
CV (%) 38 77 56 43 
Linear contrasts 

2 vs. 3 NS * NS NS 
2 vs. 4 ** ** NS * 
2 vs. 3 + 4 NS ** NS NS 
3 vs. 4 ** NS NS NS 

0 
0 

48 
75 

Data are means of five replications of one plant each (soil volume 1,700 cmS). * and ** indicate significance at P ~ 0.05, and 
0.01, respectively. NS = not significant. 
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Microplot experiment. Numbers of R. reni- 
formis, including eggs on roots and vermi- 
forms in soil, were suppressed (P ~< 0.05) 
by P. lilacinus at midseason and harvest 
(Fig. 1). The reduction in numbers of  ver- 
miforms in soil was probably due to the low 
viability of eggs infected by P. lilacinus (6). 
Differences existed (P ~< 0.05) between 
sampling dates (midseason and harvest) 
for numbers of  eggs in roots, vermiforrns 
in soil, and total nematode numbers. Roty- 
lenchulus reniformis numbers  increased 
from midseason to harvest, and P. lilacinus 
did not restrict R. reniformis numbers suf- 
ficiently to prevent this increase. Nonethe- 
less, the suppression of  total R. reniformis 
numbers  was 59 and 36% at midseason 
and harvest, respectively (Fig. 1), indicat- 
ing that the fungus had a detrimental ef- 
fect on reniform nematode population de- 
velopment. 

Fresh fruit weights were not affected by 
R. reniformis; however, shoot growth was 
restricted, and P. lilacinus limited the effect 
of  shoot-growth suppression by R. reni- 
formis. Shoot weights were negatively cor- 

related with eggs on roots and vermiforms 
in soil at midseason and harvest (Table 3), 
indicating that R. reniformis suppressed 
shoot growth of  Rutgers tomato. In treat- 
ments receiving P. lilacinus, there was no 
relationship between fruit or shoot weights 
and numbers of R. reniformis at either sam- 
pling date; however, in the treatments that 
did not receive P. lilacinus, significant neg- 
ative correlations existed between fruit or 
shoot weights and numbers of  R. reniformis 
at both sampling dates (Table 3). The  only 
correlations that were not significant were 
fruit weights with vermiforms in the soil at 
both sampling dates. Thus P. lilacinus sup- 
pressed R. reniformis numbers sufficiently 
to allow increased shoot and fruit weights. 

Paecilomyces lilacinus has been widely 
tested on many plant-parasitic nematodes, 
but few studies have concerned the effects 
on R. reniformis (10). Our  study verifies 
partial control in the greenhouse and is the 
first to demonstrate some biological con- 
trol unde r  field microplot  condit ions.  
Thus, this fungus may have some potential 
as a biological control agent for R. reni- 

15,000 

10,000 

5,000 

0 20 0 20 
Midseason  Harves t  

FIG. 1, Inf luence of  Paecilomyces lilacinus on Rotylenchulus reniformis reproduct ion on 'Rutgers '  tomato in 
microplots at midseason and harvest  (microplots were initially infested with 2,500 R. reniformis/500 cm 3 soil). 
+ = 20 g rice grains + fungus  added to soil (1.67 × 103 cfu/500 cm 3 soil), and - = nothing added to soil. 
T r e a t m e n t  separat ion based on Fisher's LSD at P ~< 0.05. 

L 
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TABLE 3. Correlations between 'Rutgers' tomato shoot and fruit growth with midseason and harvest 
counts of RotyIenchulus reniformi~ in field microplots. 

Midseason Harvest 

E g g s  Vermiforms Eggs Vermiforms 
on roots in soil Total on roots in soil Total 

Shoot weight# - 0.63** - 0.65** - 0.67** - 0.65** - 0.57* - 0.62** 
Shoot weights - 0.86** - 0.83** - 0.86** - 0.87** - 0.85** - 0.86* 
Fruit weight~ - 0.77* - 0.68NS - 0.73* - 0.73* - 0.70NS - 0.72* 

* and ** indicate significance at P ~< 0.05 and 0.01, respectively. NS = not significant. 
t Correlations are based on 16 observations, including microplots infested and noninfested with P. lilacinus. 
z~ Correlations are based on eight observations, including only those not infested with P. lilacinus. 

formis in areas of  the world where the 
nematode is an important plant parasite. 
However, the efficacy observed in these 
initially near-sterile environments likely 
would be lower in natural agroecosystems 
(14). 

Although this paper deals with one or- 
ganism for controlling R. reniformis, the ef- 
fort is only an initial step toward develop- 
ing a program in which several antagonists 
may be used. Most organisms used for bi- 
ological control of  nematodes are opportu- 
nistic parasites. They often lack the ability 
to become good biological control agents 
as they have the ability to feed on a diverse 
array of  organic materials in the soil (14). 
Most studies on biological control have 
demonstrated that organisms have low ef- 
ficacies, which make them unacceptable as 
sole agents for nematode control; how- 
ever, integrating several organisms with 
other antagonists could make an excellent 
model for nematode control (12). 
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