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Influence of Meloidogyne incognita on Fusarium Wilt of Tomato 
at or below the Minimum Temperature for Wilt Development 1 

j . j .  Morrell and J. R. Bloom 2 

Abstract: 'Bonny  Best '  t oma to  p lan ts  were grown at  16, 21, o r  24 C for 28 d in soil infested 
wi th  e i ther  of  two isolates of  Fusarium oxysporum f. sp. lycopersici race 1 and  Meloidogyne 
incognita. Significant levels of  f u s a r i u m  wilt occurred at  all t empera tu res  i nc lud ing  16 C, w h i c h  
has  not  been repor ted  previously.  One  Fusarium isolate resul ted  in the  h ighes t  levels of  disease 
incidence a t  21 and  24 C in the  presence of root -knot  nematodes ,  and  at  24 C w h e n  the  nema todes  
were not  present .  At  16 C there  was no  signif icant  difference in the  n u m b e r  of  p lan ts  infected by 
the  second Fusarium isolate a lone or  in combina t ion  wi th  root  kno t  nematodes ,  a l t h o u g h  the  
presence of nematodes  resul ted  in a significant  increase in the  percentage  of disease occurrence  
a n d  vessel infect ion a t  21 C. Key words: root-knot ,  Fusarium oxysporum f. sp. lycopersici race 1, 
Lycopersicon esculentum. 

Clayton (1) reported the min imum tem- 
perature at which fusarium wilt developed 
in susceptible tomato 'Chalk's Early Jewel'  
and 'Mangus' was 21 C. Below this tempera- 
ture, susceptible tomatoes remained free of 
the disease. Several workers have demon- 
strated that  polygenic resistance to Fusar- 
ium can be broken in tomato in the pres- 
ence of root-knot nematodes (3,5). Would  it  
also be possible to induce fusarium wilt 
below 21 C in the presence of root-knot 
nematodes? 1[ polygenic resistance to Fusar- 
ium can be broken by root-knot nematodes, 
can resistance induced by low temperatures 
also be broken? This study reports the re- 
sults of experiments designed to determine 
if £usarium wilt will develop below 21°C in 
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the presence of Meloidogyne incognita 
(Kofoid & White) Chitwood. 

MA TERIA LS  AND M E T H O D S  

Fusarium wilt susceptible 'Bonny Best' 
tomato seedlings were transplanted into 
sterilized (I % Na OC1) 946-ml plastic pots 
containing a mixture  of steamed sand, soil, 
and peat (I:1:I) .  After transplanting, the 
pots (without drainage holes) were im- 
mersed in water in Cornell-type temperature  
tanks maintained at 16, 21, or 24 C. Soil 
temperatures, as measured at the center pot, 
ranged ± 1 C. 

Four  days after transplanting, the soil 
in each of the pots in each temperature  
treatment was infested with 10,000 M. in- 
cognita eggs suspended in 10 ml of sterile 
distilled water. T h e  eggs were extracted 
from freshly harvested roots of tomato 
'Rutgers'  grown in infested soil as described 
by Hussey and Barker (4). Control  pots re- 
ceived 10 ml of sterile distilled water. 
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Applicat ion of F. oxysporum f. sp. ly- 
copersici race 1 was delayed 2 wk from the 
t ime of nematode infestation to allow for 
nematode establishment (7). T h e  experi- 
men t  was conducted using two isolates of 
the fungus; one isolate was tested only at 16 
and 21 C. Both isolates were obta ined from 
lyophilized cultures main ta ined  by the 
Fusar ium Research Center  at Pennsylvania 
State University. T h e  isolates were grown 
for 8 d before inoculation. T h e  first isolate 
was grown on potato-dextrose agar (PDA) 
plates and harvested by flooding the plates 
with sterile distilled water. T h e  result ing 
suspension was then strained through 
cheesecloth to remove mycelial fragments. 
T h e  second isolate was grown in potato- 
dextrose bro th  (PDB) shake cultures and 
strained to remove large mycelial fragments. 
Both suspensions were adjusted to a final 
concentrat ion of 500,000 spores/ml  using a 
hemacytometer ,  and 10 ml of this solution 
was delivered into holes in the soil surface 
of half  the pots previously receiving the 
nematode  inoculum and half  of the control  
pots. T rea tmen t s  consisted of control, nema- 
tode alone, Fusarium alone, and nematode  
plus Fusarium. 

T h e  plants were main ta ined  at the stated 
temperatures  for 28 d after Fusarium infes- 
tation. Stems of plants which succumbed be- 
fore the harvest date were examined for the 
presence of vascular discoloration and cul- 
tured on PDA for the presence of Fusarium. 

On the harvest date all plants were cut 
at the groundline.  T h e  stems were d ipped  in 
70% ethanol and flamed to remove excess 
alcohol. Several sections were cut f rom the 
base of the stem and placed on PDA plates. 
Stem sectfons on PDA were observed for up  
to 21 d for the presence of Fusarium. A flee- 
hand  section was cut f rom each of the first 
three internodes to quant i ta t ively determine 
the longi tudinal  extent  of vascular dis- 
coloration. These  sections were examined 
under  a microscope and  counts made of the 
total numb e r  of vascular bundles exhibi t ing 
discoloration. T h e  fresh moun ted  tissue sec- 
tions were incubated 24 h at room tempera-  
ture (18 C) then stained in 1% cotton blue 
in lactophenol  for 30 s, cleared in concen- 
trated phenol, and the num ber  of vascular 
bundles and infected vessels (those contain- 
ing blue stained hyphae) counted. 

After analysis of variance using an arc- 
sin transformation,  mean  separat ion pro- 
cedures were accomplished using Duncan 's  
modified least significant difference test. 
Unless otherwise stated, all mean  separa- 
tions were done at k = 100 (9). 

R E S U L T S  A N D  DISCUSSION 

Control  tomato  plants and plants grown 
in soil infested only with nematodes showed 
no symptoms of fusar ium wilt, indicat ing 
the soil and the nematode  inoculum were 
free of F. oxysporum f. sp. lycopersici. T h e  
roots of all plants grown in nematode  in- 
fested soil were galled, a l though the degree 
of galling was not quantified. 

In  experiments  using fungus isolate 1, 
the presence of root-knot nematodes resulted 
in a higher occurrence of fusar ium wilt  dis- 
ease than with the fungus alone (Table  1). 
T h e  increase of fusar ium wilt of tomato  
when grown in the presence of root-knot  
nematodes was indicative of an interact ion 
between the two organisms. 

T a b le  1. T h e  occurrence  of Fusarium oxysporum 
f. s. Iycopersici (isolate 1) and  the  percentage  of 
vessel infect ion in tomato  p lan ts  t rea ted  as indi-  
cated. # 

Vascular  
bund l e s  

% 
% infected/ 

Treatment incldencet plant 

16 C Cont ro l  0 D 0.0 E 
Meloidogyne 

incognita (Mi) 0 D 0.0 E 
Fusarium (F) 30 C 8.8 D 
F + Mi 5 5 B  30.0B 

21 C Control  0 D 0.0 E .  
Mi  0 D 0.0 E 
F 30 C 14.0 C 
F + Mi 90 A 71.5 A 

24 C Control  0 D 0.0 E 
Mi 0 D 0.0 E 
F 60 B 35.0 B 
F + Mi 9 0 A  75 .0A 

*Based on  resul ts  of  p l a t i ng  s tem sections on  
po ta to  dextrose agar.  

~'Values followed by the  same let ter  are  no t  
significantly different  f rom one a n o t h e r  according 
to D uncan ' s  modif ied  least s ignif icant  difference test 
at  k = 100. Values for 16 and  21 C, 20 repl icat ions 
each, represent  m e a n s  for expe r imen t s  comple ted  at  
two different  dates. Values for 24 C are m e a n s  of 10 
repl icat ions,  
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T h e  highest percentage of disease follow- 
ing infestation with the nematodes plus the 
fungus occurred at 21 and 24 C. When  the 
fungus was used alone, the highest per- 
centage of disease occurred at 24 C. W h e n  
the percentage of infected vascular bundles 
per p lant  per t rea tment  was compared,  a 
similar relat ionship in disease occurrence 
was encountered, a l though the differences 
were much  greater (Table  1). 

T h e  use of stem section cul turing pro- 
vides a means of assessing the occurrence of 
the fungus, but  not  disease severity. Conway 
and MacHardy  (2) used a vessel count ing 
technique to determine the extent  of colon- 
ization by the fungus. T h e  num ber  of in- 
fected vascular bundles per stem was found 
to be related to the degree of colonization 
by the fungus, which could be used as a 
measure of severity of infection. I f  a p lan t  
with a higher percentage of infected vas- 
cular bundles could be considered to be 
more severely infected, then the presence of 
root-knot  nematodes and the causal fungus 
resulted in a significant increase in the sever- 
ity of fusar ium wilt at 16, 21, and 24 C. 
Since the fungus infected 'Bonny Best' at  
16 C, a fact not previously reported,  it ap- 
pears the isolates have a lower tempera ture  
tolerance than isolates used in previous 
tempera ture  related studies. 

T h e  results obta ined using Fusarium 
isolate 2 were less pronounced  than those of 
the first isolate. T h e  combinat ion  o£ root- 
knot  nematodes with the fungus showed an 
increase in the occurrence of fusar ium wilt  
at 21 C, but  not  at  16 C (Table  2). T h e  

T ab le  2. T h e  occurrence of Fusarium oxysporum 
f. s. lycopersici (isolate 2) and  the  percentage  of  
vessel infect ion in tomato  p lan t s  t rea ted  as indi-  
cated.* 

% 
vascular  

% bund le s  
T r e a t m e n t  occur rence t  infected 

16 C Control  0% G 0.00% C 
Meloidogyne 

incognita (Mi) 0 C 0.00 C 
Fusarium (F) 56 B 23.44 B 
F + Mi 67 B 31A8 B 

21 C Control  0 C 0.00 C 
Mi 0 C 0.00 C 
F 59 B 25.93 B 
F + Mi 79 A 55.74 A 

*Values  followed by the  same le t te r  are no t  sig- 
nif icantly different  f rom one  a n o t h e r  according to 
Duncan ' s  modif ied  least  s ignificant  difference test a t  
k =  100. Analysis  of  27 repl icat ions.  

tBased  on  resul ts  of  p l a t i ng  s tem sections on  
po ta to  dextrose  agar.  

reduced level of interact ion between root  
kno t  nematodes and Fusarium at the lower 
temperature,  expressed as lower percentages 
of disease occurrence suggests that  the nema- 
todes did not  have the ability to predispose 
the tomatoes to isolate 2 of the fungus at 
16 C (Figure 1). 

Al though the presence of the nematodes 
did not significantly increase the disease- 
producing abili ty of isolate 2 at 16 C, the 
level necessary to be of significance was cor- 
respondingly higher than would be neces- 
sary if the incidence of fusar ium wilt  was 
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Fig. 1. Effect of  root  kno t  
n e m a t o d e  (Meloidogyne incog- 
nita) and  Fusarium oxysporum 
f. sp. lycopersicl, isolates 1 and  2 
on  the  occurrence  of  f u s a r i u m  
wilt  in tomato  p lants .  Bars sub-  
t end ing  the  same le t ter  a re  n o t  
significantly different  according 
to Duncan ' s  modif ied  least  sig- 
nif icant  difference test  u s i n g  k 
= 100. Values ob ta ined  for t he  
isolate 1 reresent  the  m e a n s  of  
20 observat ions,  while  those for 
the  isolate 2 represen t  m e a n s  of  
27 observat ions.  
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lower  for the  fungus  t r e a t m e n t  a lone .  T h u s ,  
i so la te  2 was p r o b a b l y  m o r e  v i r u l e n t  t han  
i so la te  1, a n d  its effect u p o n  the  hos t  was 
on ly  s l igh t ly  e n h a n c e d  by  the  presence  of  
the  r o o t - k n o t  n e m a t o d e .  T h i s  w o u l d  be  in  
a g r e e m e n t  w i t h  the  sugges t ion  by  Kapp le -  
m e n  (6) t h a t  n e m a t o d e s  act  to r e n d e r  
weak ly  v i r u l e n t  i sola tes  m o r e  v i ru l en t ,  b u t  
have  l i t t l e  effect on  h igh ly  v i r u l e n t  isolates .  
T h i s  does  no t  e x p l a i n  the  c o r r e s p o n d i n g  in- 
crease in  the  i n t e r a c t i o n  a t  21 C. A poss ib le  
e x p l a n a t i o n  for this  effect m a y  be  t ha t  the  
n e m a t o d e s  ex i s ted  a t  a low level  of  m e t a b -  
ol ic  ac t iv i ty  a t  16 C a n d  fewer n e m a t o d e s  
p e n e t r a t e d  the  roots  (8). A l t h o u g h  the  level  
of  ac t iv i ty  was sufficient to increase  the  effect 
of  a weak ly  v i r u l e n t  isolate ,  i t  was n o t  suf- 
f ic ient  to  increase  the  effect of  a h igh ly  
v i r u l e n t  i sola te .  

I t  is ev iden t  f rom the  resul t s  of  b o t h  
e x p e r i m e n t s  t ha t  the  funga l  i sola tes  in- 
fec ted  t o m a t o  ' B o n n y  Best '  a t  a t e m p e r a t u r e  
five degrees  lower  t h a n  p rev ious ly  r e p o r t e d  
for  t oma toes  (1). T h e  reason for this devia-  
t i on  f rom prev ious  r epo r t s  c o u l d  be t ha t  the  
i so la te  of  Fusarium used by  C l a y t o n  was less 
ac t ive  a t  t e m p e r a t u r e s  be low 21 C t h a n  the  
isolates  used  in  these expe r imen t s .  In  add i -  
t ion,  i t  is l ike ly  t ha t  ' B o n n y  Best, '  a l t h o u g h  
suscep t ib l e  to f u s a r i u m  wil t ,  d i f fered  physi -  
o log ica l ly  f rom the  cu l t ivars  used  by  Clay-  
ton.  T h u s ,  its response  a t  lower  t empera -  

tures  m a y  have  v a r i e d  w i d e l y  f rom the  re- 
sponses of  t i le  cu l t iva rs  used  by  C lay ton .  
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