
Frontispiece 
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inoculated w i t h  Meloidogyne javanica and F. oxysporum f .  sp. - 
lycopersici;  

inoculated w i t h  M. javanica alone. - 
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ABSTRACT 

I I Pearson VF-11" ( V P )  and "Pearson A - 1  ~mproved" ( I P )  tomato 

( ~ y c o p e r s i c o n  esculcntum) p l m t s  a r e  moderately r e s i s t a n t  and 

s u s c e p t i b l e ,  r e s p e c t i v e l y ,  t o  t h e  v a s c u l a r  w i l t  fungus,  

F'usarium oxysporum f .  sp .  l y c o p e r s i c i ,  r a c z  1. This  s tudy  

examined t h e  responses  of  each v a r i e t y  t o  combined i n f e c t i o n s  

o f  F'usarium and t h e  root-knot  nematode, Meloidogyne javanica ,  

under v a r i o u s  c o n t r o l l e d  sxper imenta l  cond i t i ons .  Nematode 

i n f e c t i o n s  reduced t h e  r e s i s t a n c e  of  VF, and i n c r e a s e d  t h e  

s u s c e p t i b i l i t y  of  IP  p l a n t s  t o  Fusarium. The e x t e n t  o f  t h e s e  

d i s e a s e  i n t e r a c t i o n s  was measured by comparing d i s e a s e  symptoms 

( exp res sed  a s  i n d i c e s  of  l e a f  c h l o r o s i s )  and funga l  co lon i sa -  

t i o n  ( exp res sed  a s  numbers o f  Fusarium propagules  recovered  

from homogenised t i s s u e s )  o f  p l a n t s  i n f e c t e d  w i t h  both  - M. 

j avan ica  and Fusarium w i t h  t h o s e  of p l a n t s  i n f e c t e d  wi th  

Fusarium a lone .  The occur rence  of more ex t ens ive  Fusarium 

c o l o n i s a t i o n  o f  nematode- infected t h a n  o f  nematode-free r o o t s  

sugges t s  t h a t  g a l l e d  r o o t  t i s s u e  forms a  p a r t i c u l a r l y  f avourab le  

environment f o r  funga l  growth. There was no a p p r e c i a b l e  fungal  

c o l o n i s a t i o n  of  stems o f  Fusa r ium- res i s t an t  p l a n t s  e i t h e r  i n  

t h e  presence  o r  absence o f  M. j avan ica ,  whi le  stems o f  Fusarium- - 
s u s c e p t i b l e  p l a n t s  were r e a d i l y  co lon i sed  i n  t h e  absence,  and 

mor? so  i n  t h e  presence  of  t h e  nematode. 

I n  Fusa r ium- res i s t an t  p l a n t s ,  g r e a t e r  d i s e a s e  i n t e r a c t i o n s  

occur red  a )  i n  4-week t h a n  i n  8-week o l d  p l a n t s ,  b)  w i t h  in -  

c r e a s i n g  inoculum l e v e l s  ( u p  t o  10,000 l a r v a e  p e r  p l a n t )  of - M. 

j avan ica ,  and c )  w i t h  i n c r e a s i n g  t ime i n t e r v a l s  ( u p  t o  35 days) 

iii 



between i -nocula t ion  wi th  M. j avan ica  and subsequent i n o c u l a t i o n  - 

with  Pusaj-ium. There was a  p o s i t i v e  d i s e a s e  i n t e r a c t i o n  i n  

F u s a r i - u m - ~ e s i s t a n t ,  p l a n t s  when each pathogen was i n o c u l a t e d  on 

a s e p a r a t e  r o o t  system of  t h e  same p l a n t ,  though a  g r e a t e r  i n t e r -  

a c t i o n  occur red  when bo th  pathogens were i nocu la t ed  on t h e  same 

r o o t  system. This  s tudy  has  provided f u r t h e r  suppor t  f o r  t h e  

hypo thes i s  t h a t  changes i n  a  p l a n t ' s  physiology due t o  nematode 

i n f e c t i o n  i n f l u e n c e  i t s  subsequent response t o  funga l  i nvas ion .  
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INTRODUCTION 



The p r e d i s p o s i t i o n  of  p l a n t s  t o  funga l  a t t a c k  by nematode 

i n f e c t i o n s  has  been t h e  s u b j e c t  o f  numerous i n v e s t i g a t i o n s  

(powel l ,  1971; Bergeson, 1972) .  Although t h e  observed d i s e a s e  

i n t e r a c t i o n s  i nc lude  a wide range o f  pathogenic  f u n g i  and many 

s p e c i e s  of both ecto-  and e n d o p a r a s i t i c  nematodes, p a r t i c u l a r  

a t t e n t i o n  has  been g iven  t o  t h o s e  i n t e r a c t i o n s  i n v o l v i n g  

Fusarium v a s c u l a r - w i l t  f u n g i  and t h e  sedenta ry ,  e n d o p a r a s i t i c  

roo t -knot  nematodes ( ~ e l o i d o g y n e  spp. ) . 
Young (1939) ,  on t h e  b a s i s  o f  f i e l d  t r i a l s ,  was t h e  f i r s t  

t o  sugges t  t h a t  roo t -  knot nematode i n f e c t i o n s  can reduce t h e  

Fbsarium r e s i s t a n c e  of  tomatoes .  Jenkins  and Coursen (1957) 

found t h a t  t h e  i nc idence  of  Fusarium w i l t  i n  h i g h l y - r e s i s t a n t  

11 ~ h e s a p e a k e "  tomatoes was a s  h igh  a s  100% i n  t h e  presence  o f  

Meloidogyne Lncognita a c r i t . a ,  and 6% i n  t h e  presence  o f  - M. 

hap la .  S i m i l a r  nematode i n f e c t i o n s  a l s o  broke t h e  i n t e r m e d i a t e  

Fusar ium-res i s tance  of  " ~ u t g e r s "  tomatoes.  However, Binder and 

Hutchinson ( l 9 5 9 ) ,  i n  r e p e a t i n g  t h e  work o f  Jenkins  and Coursen, 

were unable  t o  d e t e c t  any change i n  t h e  F 'usar ium-res is tance o f  

I t  Chesapeake" tomatoes by - M. i n c o g n i t a  a c r i t a  i n f e c t i o n s .  

A number o f  subsequent s t u d i e s  on Meloidogyne/Fusarium 

i n t e r a c t i o n s  i n  tomato, some invo lv ing  Fusa r ium- res i s t an t  and 

o t h e r s  Fusarium- s u s c e p t i b l e  v a r i e t i e s ,  have r e s u l t e d  i n  f u r t h e r  

c o n t r a d i c t i o n s  a s  t o  whether t h e  r e s p o n s e . t o  Fusarium i s  

a l t e r e d  by t h e  nematode i n f e c t i o n  in able I ) .  There were con- 

s i d e r a b l e  d i f f e r e n c e s  i n  some o f  t h e  exper imental  c o n d i t i o n s  

used  i n  t h e s e  s t u d i e s  in able I ) ,  and t h e s e  may have been p a r t l y  



r e s p o n s i b l e  f o r  t h e  c o n t r a d i c t o r y  r e s u l t s .  Binder and 

Hutchinson (1959) ,  i n  a t t e m p t i n g  t o  exp la in  t h e  d i f f e r e n c e s  

between t h e i r  r e s u l t s  and t h o s e  of Jenkins  and Coursen (1957) ,  

P .  suggested t h a t  t h e  s i z s  o f  t h e  nematode inoculum may be a n  

' important  c o n s i d e r a t i o n .  This  p o s s i b i l i t y  has  no t  been i n v e s t i -  

ga t ed  f u r t h e r .  The i n f l u e n c e  of  t h e  t ime i n t e r v a l  between 

nematode and funga l  i n o c u l a t i o n  was r e p o r t e d  by Melendez and 

Powell (1967) ,  and P o r t e r  and Powell (1967) i n  t h e i r  work on 

Meloidogyne/Fusarium i n t e r a c t i o n s  i n  tobacco.  They showed t h a t  
\ 

p l a n t s  were maximally pred isposed  t o  Fusarium i n f e c t i o n  when 

nematode i n o c u l a t i o n  preceded funga l  i n o c u l a t i o n  by 3 o r  4 weeks, 

and suggested t h a t  some change i n  h o s t  physiology,  a s s o c i a t e d  

w i t h  t h e  mature nematode i n f e c t i o n s ,  was necessary  be fo re  t h e  

fungus could become op t ima i ly  e s t a b l i s h e d .  Meiendez and Foweil 

(1967) a l s o  showed t h a t  t h e  g a l l e d  t i s s u e s  of  nematode- i n f e c t e d  

tobacco r o o t s  were more r e a d i l y  co lon i sed  by Fusarium t h a n  

were nematode-free r o o t  t i s s u e s .  

Another i n d i c a t i o n  t h a t  a l t e r a t i o n s  i n  h o s t  physiology by 

nematode i n f e c t i o n s  may be involved i n  Meloidogyne/Fusarium 

d i s e a s e  i n t e r a c t i o n s  was g iven  by Bowman and Bloom (1966) .  

They observed a  r e d u c t i o n  i n  t h e  tomato 

by M. i ncogn i t a  even when t h e  i n f e c t i o n  s i t e s  of  t h e  nematode - 
and t h e  fungus were s e p a r a t e d  on a s p l i t - r o o t  system. 

The purpose of t h i s  s tudy  was t o  answer t h e  fo l lowing  

ques t ions :  -- 

a )  Can Meloidogyne i n f e c t i o n  reduce t h e  Fusar ium-res i s tance  of - 



tomato? 

b) I f  so,  what  a r e  some of  t h e  c o n d i t i o n s  t h a t  determine t h e  

e x t e n t  of t h e  r e s i s t a n c e  r e d u c t i o n ?  

c )  What might be t h e  mechanism o f  such a  d i s e a s e  i n t e r a c t i o n ?  

The s tudy  uszd two v a r i e t i e s  of tomato, Lycopersicon 

esculentum M i l l .  (one  r e s i s t a n t  and one s u s c e p t i b l e  t o  

Fusarium) ; t h e  roo t -knot  nematode, Meloidogyne j avan ica  ( ~ r e u b )  

Chitwood; and t h e  tomato v a s c u l a r  w i l t  fungus, Fusarium 

oxysporum f .  sp.  l y c o p e r s i c i  ( ~ a c c .  ) Snyd. & Hans., r a c e  1. 

Experiments 1 t o  4 i n v e s t i g a t e d  t h e  e f f e c t s  of 1) nematode 

inoculum l e v e l ,  2 )  h o s t  p l a n t  age,  3) t ime  i n t e r v a l  between 

i n o c u l a t i o n  wi th  each pathogen,  and 4 )  s e p a r a t e  i n f e c t i o n  s i t e s  

f o r  each pathogen on t h e  e x t e n t  o f  t h e  d i s e a s e  i n t e r a c t i o n  i n  

Fusa r ium- res i s t an t  p l a n t s  . Experiment 5 examined t h e  d i s e a s e  

i n t e r a c t i o n  i n  Fusarium- s u s c e p t i b l e  p l a n t s .  
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GENERAL MATERIALS AND METHODS 



1. SOURCES AND MAINTENANCE OF MATERIALS 

A.  TOMATO PLANTS 

11 Two i s o l i n e s  o f  tomato were used  i n  t h i s  s tudy:  Pearson 

A - 1 ,  Improved" ( IP)  , which i s  s u s c e p t i b l e  t o  Fusarium oxysporum 

f .  sp.  l y c o p e r s i c i ;  and  earson on VF-11" ( V F )  , which c o n t a i n s  

single-dominant-gene r e s i s t a n c e  t o  r a c e  1 of Fusarium. These 

two v a r i e t i e s  were chosen f i r s t l y  because of  t h e i r  g e n e t i c  

s i m i l a r i t y  and secondly because t h e i r  p h y s i o l o g i c a l  responses  

t o  Fusarium have been well-documented  ace and Veech, 1971; 

Beckman e t  a l . ,  1972) .  Seeds were ob ta ined  from two sources :  -- 
Peto Seed Co., I n c . ,  Sa t i coy ,  C a l i f o r n i a ,  U. S. A.;  and D r .  J. 

Veech, Nat iona l  Cotton Pathology Research Laboratory,  Col lege 

S t a t i o n ,  Texas, U. S. A.  Although t h e  s p e c i f i c  i n t e r e s t  o f  t h i s  

s tudy  was t h e  r e d u c t i o n  of t h e  Fusarium r e s i s t a n c e  o f  VE' p l a n t s  

by - M. j avan ica ,  t h e  response  o f  I P  p l a n t s  t o  Fusarium a l o n e  

was a l s o  recorded i n  each experiment and compared w i t h  t h e  

e x t e n t  o f  r e s i s t a n c e  r educ t ion .  

A l l  p l a n t s  were r a i s e d ,  and experiments conducted i n  a 

g lasshouse  a t  Simon F r a s e r  Un ive r s i t y ,  Burnaby, B. C .  P l a n t s  

were grown cm. p l a s t i c  p o t s  c o n t a i n i n g  a p a s t e u r i s e d  

p e a t / l o a m / p e r l i t e  mix ture  ( o b t a i n e d  from Burnaby Lake 

Greenhouses Ltd . ,  Burnaby, B. C. ) . Seeds were sown d i r e c t l y  

i n t o  t h e  p o t s  of  s o i l  t o  o b v i a t e  subsequent t r a n s p l a n t i n g  of  

s eed l ings .  Every 2 weeks t h e  s o i l  was f e r t i l i s e d  w i t h  a 

5-10-10 commercial mixture  ( " ~ i g o r o "  , Swif t  Canadian Co., Ltd . ,  

Toronto) ,  and p l a n t s  were watered d a i l y  w i th  t a p  water .  



Supplementary l i g h t i n g  from cool-whi te  f l u o r e s c e n t  t u b e s  

was used t o  main ta in  a 15-hour photoper iod throughout  t h e  year .  

The g lasshouse  tempera ture  was mainta ined a t  26' C (r 5' C i n  

extreme weather c o n d i t i o n s )  w i t h  t h e  a i d  o f  a  n a t u r a l  gas  h e a t e r  

and e x t r a c t o r  f a n s .  

B. MELOIDOGYNE JAVANICA 

Lima bean p l a n t s  ( ~ h a s e o l u s  l u n a t u s ,  var .  L-136) se rved  as 

h o s t s  f o r  main ta in ing  popu la t ions  o f  - M. j avan ica .  This  v a r i e t y  

o f  lima bean i s  p a r t i c u l a r l y  t o l e r a n t  of  - M. j avan ica  i n  t h a t  it 

suppor t s  l a r g e  popu la t ions  w i thou t  s i g n i f i c a n t  g a l l i n g .  The 

i n i t i a l  nematode popu la t ion  and t h e  bean seeds  were ob ta ined  

from D r .  S. D. Van Gundy, Dept. of Nematology, Un ive r s i t y  o f  

C a l i f o r n i a ,  R ive r s ide ,  U. S. A.  

A s t o c k  c u l t u r e  was mainta ined through t h e  cou r se  o f  t h e  

s tudy  by p e r i o d i c a l l y  t r a n s f e r r i n g  between t e n  and twenty egg 

s a c s  of  - M. j avan ica  from t h e  r o o t s  o f  o l d ,  i n f e c t e d  t o  t h e  

r o o t s  of young, h e a l t h y  bean p l a n t s .  o r d e r  t o  avo id  t h e  

p l a n t s  becoming pot-bound, w i t h  r e s u l t i n g  r o t t i n g  o f  t h e  g a l l s  

and l o s s  o f  nematode s tock ,  r o o t s  were trimmed and p l a n t s  

r e p o t t e d  a t  8-week i n t e r v a l s .  Th i s  p roces s  ensured t h e  con- 

t i n u a t i o n  o f  r o o t  growth and, t h e r e f o r e ,  new s i t e s  f o r  r e -  

i n f e c t i o n  by t h e  nematode l a r v a e  which were c o n s t a n t l y  ha t ch ing  

from eggs produced i n  t h e  mature g a l l s .  

C .  FUSARIUM OXYSPORUM F. SP. LYCOPERSICI 

Cu l tu re s  o f  - F. oxysporum f .  sp.  l y c o p e r s i c i ,  r a c e  1, 

were ob ta ined  from D r .  W .  C. Snyder, Un ive r s i t y  o f  C a l i f o r n i a ,  



Berkeley,  U. S. A.  V i r u l e n t  c o l o n i e s  o f  t h e  fungus were main- 

t a i n e d  on t e s t  t ube  s l o p e s  of  p o t a t o  dex t rose  a g a r .  Fresh ly-  

i n o c u l a t e d  s lopes  were incuba ted  i n i t i a l l y  a t  21 ? lo C f o r  7 

days t o  o b t a i n  s p o r u l a t i n g  c o l o n i e s ,  t h e n  subsequent ly  a t  5" C 

t o  minimise f u r t h e r  growth. A t  approximately  6-week i n t e r v a l s  

Fusarium propagules  were t r a n s f e r r e d  t o  f r e s h  s l o p e s .  

2. I N O C U L A T I O N  PROCEDURES 

I n  a l l  experiments,  w i t h  t h e  except ion  o f  Experiment 5 

which was concerned s o l e l y  w i t h  I P  p l a n t s ,  t h e  b a s i c  t y p e s  o f  

i n o c u l a t i o n  t r e a t m e n t s  f o r  t h e  two tomato v a r i e t i e s  were as 

fo l lows:  -- 
a)  VF p l a n t s ;  f o u r  t y p e s  o f  i n o c u l a t i o n :  1) M. j avan ica  a lone ,  - 

2)  Fusarium a lone ,  3) - M. j avan ica  p l u s  Fusarium, 4) non- 

i n o c u l a t e d  c o n t r o l s .  

b)  I P  p l a n t s ;  two t y p e s  o f  i n o c u l a t i o n :  1) F'usarium a l o n e ,  

2 )  non- inoculated c o n t r o l s .  

However, s p e c i f i c  d e t a i l s  o f  t h e  t r e a t m e n t s  were no t  c o n s t a n t  

throughout  t h e  s tudy ,  s o  consequent ly  a d d i t i o n a l  d e s c r i p t i o n s  

a r e  g iven  a t  t h e  beginning o f  each experiment. There were 

seven r e p l i c a t e  p l a n t s  p e r  t r e a t m e n t  i n  a l l  exper iments  except  

Experiment 5 i n  which t h e r e  were e i g h t .  

A. M. JAVANICA INOCULATION - 

It was cons idered  p r e f e r a b l e  t o  i n o c u l a t e  exper imenta l  

p l a n t s  w i t h  second-stage l a r v a e ,  r a t h e r  t h a n  egg s a c s  o f  M. - 
j avan ica  s i n c e ,  wi th  l a r v a e ,  i n f e c t i o n  was p o s s i b l e  immediately 



upon i n o c u l a t i o n ,  whereas w i t h  egg s a c s  i n f e c t i o n  would have 

followed t h e  s t agge red  h a t c h i n g  p e r i o d  o f  many days. The method 

used,  t h e r e f o r e ,  a l lowed a  more exac t  e s t i m a t i o n  o f  t h e  t ime  o f  

nematode i n f e c t i o n .  Th i s  was o f  p a r t i c u l a r  importance i n  

Experiment 3. 

M. j avan ica  l a r v a e  were ob ta ined  from eggs u s i n g  t h e  f o l -  - 

lowing procedures .  With t h e  a i d  o f  a  d i s s e c t i n g  microscope and 

f i n e  fo rceps  l a r g e  numbers of  mature egg s a c s  were removed from 

t h e  g a l l e d  r o o t s  of s t o c k  p l a n t s .  The egg sacs ,  s t o r e d  a t  room 

tempera ture  i n  a beaker o f  a e r a t e d  t a p  wate r ,  ha tched  over  a  

p e r i o d  o f  1 t o  2 weeks. Twenty-four hours  be fo re  i n o c u l a t i o n  

t h e  l a r v a e  and egg s a c s  were t r a n s f e r r e d  t o  h a t c h i n g  b a s k e t s  

( ~ i g .  1) which enabled t h e  s e p a r a t i o n  o f  l a r v a e  from egg s a c s  

and o rgan ic  d e b r i s .  The baske t s ,  made from a  f i n e  s t a i n l e s s  

s t e e l  mesh, were l i n e d  wi th  f i l t e r s  o f  3-ply porous paper  and 

suspended i n  c r y s t a l l i s i n g  d i s h e s  c o n t a i n i n g  a e r a t e d  t a p  wate r .  

Act ive  l a r v a e  moved through t h e  f i l t e r s  and c o l l e c t e d  i n  t h e  

d i shes .  A f t e r  24 hours  t h e  numbers o f  l a r v a e  i n  1 m l .  samples 

o f  a  c l e a n  suspension were determined u s i n g  a  Doncaster  count ing  

d i s h ,  and t h e  average  count o f  f i v e  samples was used as a n  e s t i -  

mate o f  l a r v a l  concen t r a t i on .  

Volumes of  a suspens ion  c o n t a i n i n g  t h e  d e s i r e d  numbers of 

l a r v a e  ( u s u a l l y  10,000 p e r  p l a n t )  were made up t o  30 m l .  w i th  

t a p  water .  Using a Pas t eu r  p i p e t t e ,  each 30 m l .  volume was 

d iv ided  i n t o  15 x 2 m l .  a l i q u o t s  which were i n d i v i d u a l l y  i n j e c t e d  

a t  4 cm. depths  i n t o  t h e  s o i l  around one p l a n t .  Th i s  method 
1 



gave f a i r l y  u-niform i n f e c t i o n s  of  t h z  r o o t  systems. Con t ro l  

p l a n t s  were t r e a t e d  s i m i l a r l y  but  w i th  15 x 2 m l .  a l i q u o t s  o f  

nematode-free t a p  wate r .  

B. FUSARIUM I N O C U L A T I O N  

Fusarium inocu la  c o n s i s t e d  o f  suspensions  o f  c o n i d i a  

(mos t ly  mic rocon id i a ) ,  l a r g e  numbers o f  which were ob ta ined  by 

growing t h e  fungus i n  Tochina i  b ro th .  Two-hundred m l .  volumes 

o f  au toc l aved  b r o t h  i n 5 0 0  m l .  Ehrlenmeyer f l a s k s  were inocula -  

t e d  w i t h  Fusarium and incuba ted  on a  r o t a r y  shaker  a t  room 

tempera ture .  Seventy-two hours  o f  funga l  growth r e s u l t e d  i n  

dense mix tures  c o n t a i n i n g  c o n i d i a  and mycelia.  Clean suspen- 

s i o n s  o f  c o n i d i a  were o b t a i n e d  by f i l t e r i n g  t h e s e  mix tures  

th rough  f o u r  l a y e r s  of cheese  c l o t h  ( t o  remove myce l i a ) ,  

c e n t r i f u g i n g  t h e  f i l t r a t e s  a t  2250 rpm f o r  10  minutes ,  t h e n  

resuspending  t h e  con id i a  i n  d i s t i l l e d  wate r .  The p r o c e s s  was 

r epea t ed  and t h e  c o n c e n t r a t i o n s  o f  con id i a  were a d j u s t e d ,  wi th  

t h e  a i d  o f  a haemocytometer, t o  5 x l o 6  con id i a  p e r  m l . ,  t h u s  

g i v i n g  t h e  a c t u a l  i nocu la .  

Fungal i n o c u l a t i o n s  were done a t  s p e c i f i e d  t ime  i n t e r v a l s  

(which v a r i e d  between exper iments)  a f t e r  t h e  nematode inocula -  

t i o n s .  Half of  t h e  nematode- infected and h a l f  o f  t h e  nemtode -  

f r e e  p l a n t s  were i n o c u l a t e d  w i t h  Fusarium. P l a n t s  t o  be inocu- 

l a t e d  were removed from t h e i r  po ts ;  t h e  r o o t s  were washed care -  

f u l l y  i n  t a p  wate r  t o  remove most o f  t h e  s o i l  wi thout  unduly 

damaging t h e  r o o t  systems, t h e n  dipped i n t o  c o n i d i a l  suspen- 

s i o n s  f o r  2 minutes.  Cont ro l  p l a n t s  were t r e a t e d  s i m i l a r l y  



bu t  t h e  r o o t s  were dipped i n  F'usarium-free t a p  wate r .  I m -  

media te ly  a f t e r  t r ea tmen t  t h e  p l a n t s  were r e p o t t e d  w i t h  

loose ly-pac  ked s o i l  and watered thoroughly.  

3.  ESTIMATION OF DISEASE SEVERITY 

A. DISUSE INDEX METHOD 

The method was designed t o  p l a c e  a q u a n t i t a t i v e  e s t i m a t e  

on t h e  e x t e n t  o f  v i s i b l e  d i s e a s e  symptoms. For t h i s  purpose 

l e a f  c h l o r o s i s ,  be ing  t h e  most r e a d i l y - r e c o g n i s a b l e  symptom 

o f  p l a n t s  i n f e c t e d  e i t h e r  w i t h  - M. j avan ica  and Fusarium o r  wi th  

Fusarium a lone ,  was used as a d i s e a s e  i n d i c a t o r .  Ch lo ros i s  was 

f i r s t  v i s i b l e  i n  t h e  lower l e a v e s ,  u s u a l l y  between 8 and 12  but  

sometimes as long  as 20 days a f t e r  Fusarium ' i n o c u l a t i o n ,  and 

t h e n  spread  a c r o p e t a l l y .  On t h e  f i r s t  day of  symptom occurrence,  

t h e n  subsequent ly  every  4 - 7 days f o r  t h e  d u r a t i o n  o f  t h e  

experiment,  each ful ly-expanded l e a f  of each p l a n t  was r a t e d  

f o r  degree  of  c h l o r o s i s  on a 0  - 4 s c a l e  ( F i g .  2 ) ,  a cco rd ing  

t o  t h e  fo l lowing  c r i t e r i a :  -- 

0  - green  h e a l t h y  l e a f  

1 - s l i g h t l y  c h l o r o t i c  l e a f  

2 - moderately c h l o r o t i c  l e a f  

3 - s e v e r e l y  c h o r o t i c  l e a f  

4 - dry,  dead l e a f .  

For each p l a n t ,  l e a f  r a t i n g s  were t o t a l l e d  and d iv idzd  by 

t h e  number of  l e a v e s  r a t e d  t o  o b t a i n  t h e  d i s e a s e  index,  which, 

t h e r e f o r e ,  ranged from 0, f o r  a complete ly  h e a l t h y  p l a n t ,  t o  

4 ,  f o r  a  p l a n t  w i t h  a l l  i t s  l e a v e s  dead. 



Low d i sease  i n d i c e s  were f r equen t ly  recorded f o r  M. - 

javanica - i n f e c t e d  and c o n t r o l  p l a n t s  s i n c e  some of  t h e i r  

11 l e aves  u s u a l l y  showed s l i g h t  c h l o r o s i s .  The d i s e a s e  index", 

t h e r e f o r e ,  although p r i m a r i l y  intended as a  q u a n t i t a t i v e  e s t i -  

mate of symptoms of Fusarium-infection, i s  not  d isease-  

s p e c i f i c .  

B. FUSARIUM PROPAGVLE COUNT METHOD 

This  method, which was designed t o  p lace  a  q u a n t i t a t i v e  

es t imate  on t h e  ex ten t  of  Fusarium co lon i sa t ion ,  measured t h e  

number of Fusarium propagules recovered from r o o t  and shoot 

t i s s u e s  a t  t h e  completion of  a n  experiment. P l a n t s  were pro- 

cessed f o r  propagule counts a f t e r  t h e  f i n a l  d i s e a s e  i n d i c e s  

had been recorded, which was between 25 and 4 1  days a f t e r  

Fusarium inocu la t ion .  

H a l f  of t h e  roo t  system of each p l a n t  was removed and 

washed thoroughly i n  t a p  water ,  p a r t i c u l a r  a t t e n t i o n  being pa id  

t o  t h e  removal of  organic  d e b r i s  which may have harboured 

saprophytically-growing fungal  mycelia. Rep l i ca t  e roo t  samples 

from a l l  of t h e  p l a n t s  comprising each t rea tment  were combined, 

and t o t a l  f r e s h  weights determined. Roots were then  c u t  i n t o  

1 cm. p ieces  and macerated i n  d i s t i l l e d  water u s i n g  a  V i r t i s  

45 homogeniser o r  a  Waring Blendor. Stem t i s s u e  macerations,  

which cons i s t ed  usua l ly  of t h e  lower 25 cm. por t ions ,  but i n  

Experiment 1 of t h e  lower, middle and upper 7 . 5  cm. p o r t i o n s  of 

t h e  stems, were prepared s i m i l a r l y .  P e t i o l e s  were not  included 

in t h e s e  p repara t ions .  Microscopic examinat ion  o f  macerated 



Fusar ium-infected p l a n t  t i s s u e s  r evea l ed  funga l  con id i a  and 

mycelium fragments which presumably c o n s t i t u t e d  t h e  propagules .  

Volumes o f  t h e  homogenised suspensions  c o n t a i n i n g  1 g 

f r e s h  weight samples of  r o o t  o r  stem t i s s u e  were d i l u t e d  w i t h  

s t e r i l e  d i s t i l l e d  water  t o  g i v e  1: l o 3  and 1: l o 4  d i l u t i o n s .  

F ive  1 m l .  samples of each d i l u t i o n  were p i p e t t e d  on to  s e p a r a t e  

p l a t e s  of a  s e l e c t i v e  peptone-pentachloronitrobenzene (PCNB) a g a r  

 ash and Snyder, 1962, modified by Bergeson -- e t  a l . ,  1970) .  

The p l a t e s  were t h e n  incuba ted  a t  21  2 lo C ,  and a f t e r  5 days 

II  f unga l  c o l o n i e s  were counted w i t h  t h e  a i d  of a  ~ a l l e n k a m p "  

colony-counter .  Colonies  of  - F. oxysporum f .  sp. l y c o p e r s i c i  

were i d e n t i f i e d  morphological ly  by t h e i r  smooth, f l a t ,  o f f -  

wh i t e  o r  sometimes d i r t y  yellow appearance ( ~ i g .  3 ) .  The 

i d e n t i f i c a t i o n  was v e r i f i e d  f i r s t l y  by microscopic examination,  

and secondly by t e s t i n g  t h e  responses  of  Fusar ium-suscep t ib le  

tomato p l a n t s  t o  i n f e c t i o n  by s e v e r a l  i s o l a t e s  of  t h e  c o l o n i e s .  

S ince  t h e  method of  i d e n t i f i c a t i o n  d i d  no t  guaran tee  100% 

accuracy,  low background counts  (presumably r e p r e s e n t i n g  morpho- 

l o g i c a l l y - s i m i l a r  Fusarium c o l o n i e s )  were u s u a l l y  recorded  f o r  

t h e  non-Fusarium-infected t r e a t m e n t s .  Assuming t h a t  each colony 

r ep re sen ted  one funga l  propagule ,  t h e  r e s u l t s  a r e  expressed a s  

numbers o f  propagules  p e r  gram f r e s h  weight of r o o t  o r  shoot  

t i s s u e .  

11 ~ t u d e n t ' s "  t - t e s t  was used f o r  t h e  s t a t i s t i c a l  a n a l y s i s  

of a l l  r e s u l t s .  



Figure  1. Hatching basket  used t o  s e p a r a t e  a c t i v e  Meloidogyne 

j avan ica  l a r v a e  from egg s a c s  and o rgan ic  d e b r i s .  





Figure  2. Degrees o f  c h l o r o s i s  o f  tomato l e a v e s  r a t e d  by t h e  

d i s e a s e  index method acco rd ing  t o  t h e  fo l lowing  

c r i t e r i a :  -- 

0 - green,  h e a l t h y  

1 - s l i g h t l y  c h l o r o t i c  

2 - moderately c h l o r o t i c  

3 - s e v e r e l y  c h l o r o t i c  

4 - dry,  dead. 





Figure  3. PCNB aga r  p l a t e  5 days a f t e r  i n o c u l a t i o n  wi th  1 m l .  

of d i l u t e  homogenised tomato r o o t  t i s s u e  i n f e c t e d  wi th  

F'usarium oxysporum f .  sp. l y c o p e r s i c i .  Colonies of 

F. oxysporum f .  sp. l y c o p e r s i c i  ( a ) ;  co lon ies  of  o t h e r  - 
h s a r i u m  spec ie s  ( b )  . 





EXPERIMENTS AND RESULTS 

SECTION I. THE EFFECT OF VARIOUS FACTORS ON THE 
REDUCTION OF FUSARIUM-RESISTANCE OF 
TOMATO PLANTS BY MELOIDOGYNE JAVANICA 



EXPERIMENT 1 

INOCULUM LEVEL OF MELOIDOGYNE JAVANICA 

MATERIALS AND METHODS 

Using t h e  methods desc r ibed  p rev ious ly ,  4-week o l d  

Fusa r ium- res i s t an t  (VF) tomato p l a n t s  were t r e a t e d  w i t h  one 

o f  t h r e e  inoculum l e v e l s  o f  - M. javanica:  1,000, 5,000 o r  10,000 

l a r v a e  pe r  p l a n t ,  which r e p r e s e n t e d  l i g h t ,  moderate and heavy 

i n f e c t i o n s ,  r e s p e c t i v e l y .  Fusarium was i n o c u l a t e d  22 days 

l a t e r .  The p l a n t  t r e a t m e n t s  and t h e i r  r e s p e c t i v e  codes a r e  

shown i n  Table 11, 

Disease  i n d i c e s  were t a k e n  8, 14 ,  21, and 28 days a f t e r  

Fusarium i n o c u l a t i o n  and p l a n t s  were processed  f o r  Fusarium 

propagule  counts  7 days a f t e r  t h e  f i n a l  index  r ead ings .  

Unfor tuna te ly ,  a t  t h e  t ime  o f  t h i s  experiment t h e  morphological  

appearance o f  - F. oxysporum f .  sp. l y c o p e r s i c i  c o l o n i e s  on PCNB 

a g a r  had no t  been d e f i n i t e l y  c h a r a c t e r i s e d ,  s o  t h e  propagule  

coun t s  were o f  c o l o n i e s  o f  a l l  s p e c i e s  o f  Fusarium which grew 

on t h e  i n o c u l a t e d  p l a t e s .  However, t h i s  problem may be 

p a r t i a l l y  overcome by comparing t h e  propagule  counts  o f  

Fusar ium-infected w i t h  t h o s e  o f  Fusarium-free p l a n t s .  

The experiment was conducted between mid-March and e a r l y -  

June o f  1973. 

RESULTS 
i 

Disease  symptoms, i n  t h e  form of l e a f  c h l o r o s i s ,  were 

f i r s t  seen  i n  Fusarium-inf e c t  ed p l a n t s  8 days a f t e r  i n o c u l a t i o n .  



Therea f t e r ,  symptoms increased  s t e a d i l y  i n  a l l  i n f e c t e d  p l a n t s ,  

but p a r t i c u l a r l y  ab rup t ly  i n  Fusarium- suscep t ib le  p l a n t s  

( t r ea tmen t  IP .F ) .  Means of t h e  d i sease  ind ices  recorded on 

each day were p l o t t e d  (FQ. 4 )  and t abu la ted  with t h e i r  s tandard 

e r r o r s   a able 111). 

A t  a l l  t h r e e  inoculum l e v e l s ,  Fusarium-resis tant  (VF) 

p l a n t s  i n f e c t e d  wi th  both M. javanica and Fusarium tended t o  - 
show g r e a t e r  d i sease  symptoms than  d id  those i n f e c t e d  with 

Fusarium alone.  However, t h i s  t r end ,  which began 14 days a f t e r  

Fusarium inocula t ion ,  was s t a t  i s t i c a l l y  s i g n i f i c a n t  ( P  - 
only f o r  t h e  h ighes t  inoculum l e v e l  (VF. M ~ O O O O F ) ,  21 and 28 

days a f t e r  Fusarium inocu la t ion ,  when t h e  d i sease  i n d i c e s  were 

71 and 48%, r e spec t ive ly ,  g r e a t e r  than  those  f o r  VF p l a n t s  

inocula ted  with Fusarium z lone  (IT'. F) . Differences  I n  d i sease  

i n d i c e s  between t h e  VF.M1OOOFJ VF.M5000F and VF.Ml0000F t r e a t -  

ment s were not s t a t i s t i c a l l y  s i g n i f i c a n t  , though VF. M10000F 

p l a n t s  appeared t o  show t h e  g r e a t e s t  symptoms. However, even 

t h e s e  symptoms never approached t h e  s e v e r i t y  of those  of  t h e  

F'usarium- suscep t ib le  response ( I P .  F) . 
Disease ind ices  f o r  Fusarium-infected p l a n t s  were not  

s i g n i f i c a n t l y  ( P  - < 0.05) g r e a t e r  than  those  f o r  t h e  Fusarium- 

f r e e  c o n t r o l s  u n t i l  1 4  days a f t e r  fungal  inocula t ion .  The 

f i n a l  d i sease  index recorded f o r  p l a n t s  

i n f e c t e d  with Fusarium a lone  was a s  high a s  32% of  t h a t  f o r  

t h e  Fusarium-susceptible response. This i n d i c a t e s  t h a t  t h e  

r e s i s t a n c e  of VF p l a n t s  i s  not  complete and expla ins  why I 



was s i g n i f i c a n t l y  ( P  - < 0.01) g r e a t e r  than  t h a t  f o r  t h e  

VF.Ml000F t rea tment ,  t h e  count f o r  t h e  VF.M5000F treatment  

I l desc r ibe  t h i s  v a r i e t y  a s  moderately" r e s i s t a n t .  The d i sease  

i n d i c e s  f o r  p l a n t s  inocula ted  wi th  5,000 l a r v a e  of  - M. javanica 

a l o n e  ( V F . M ~ O O O )  rose  unexpectedly sharply,  p a r t i c u l a r l y  a f t e r  

t h e  21-day reading, due t o  f a i r l y  ex tens ive  l e a f  c h l o r o s i s  i n  

four  o f  t h e  p l a n t s .  Apart from t h e  VF.M5000 t rea tment ,  d i sease  

i n d i c e s  of  nematode-infected p l a n t s  were not s i g n i f i c a n t l y  d i f -  

f  e r e n t  from those  of non-infected con t ro l s .  

The numbers o f  propagules of Fusarium spec ies  recovered 

from r o o t s  a t  t h e  end o f  t h e  experiment a r e  shown i n  Fig.  5. 

Since colonies  of  a l l  spec ies  of Fusarium were counted, readings 

f o r  t h e  non-Fusarium-infect ed p l a n t s  were r e l a t i v e l y  high and, 

presumably, represent  p a r t  of t h e  rhizosphere populat ion of 

var ious  Fusarium species .  Nevertheless,  s i g n i f i c a n t l y  ( g  < 

0.01) more propagules were found i n  t h e  r o o t s  of  Fusarium- 

inocula ted  than  i n  those  of non-Fusarium-inoculated p l a n t s .  

Roots of p l a n t s  i n f e c t e d  wi th  both - M. javanica and 

Fusarium contained s i g n i f i c a n t l y  ( - P < 0.01) more propagules 

t h a n  d id  those  of p l a n t s  i n f e c t e d  wi th  Fusarium a lone ,  and 

t h e  number recovered increased  with inc reas ing  inoculum l e v e l s  

o f  - M. javanica.  Fusarium c o l o n i s a t i o n  of  r o o t s  i n  t h e  

VF.M1OOOFJ VF.M5000F and VF.Ml0000F t rea tments  was 56, 113 and 

148% g r e a t e r ,  r e spec t ive ly ,  than  t h a t  i n  t h e  VF.F t rea tment .  

Although t h e  roo t  propagule count f o r  t h e  VF.Ml0000F t rea tment  

was not s i g n i f i c a n t l y  d i f f e r e n t  from e i t h e r  of these .  Fungal 



considerably g r e a t e r  than  t h a t  found i n  any t reatment  of 

Fusarium-resis tant  p l a n t s .  

Thera was very l i t t l e  fungal  co lon i sa t ion  of t h e  stems of 

Fusarium-resis tant  p l a n t s  whose r o o t s  had been inocula ted  wi th  

e i t h e r  Fusarium a lone  o r  both Fusarium and M. - javanica  able 

IV) . Colonisat ion of  stems of  Fusarium-infected s u s c e p t i b l e  

p l a n t s ,  however, was extensive.  Surpr i s ing ly  high propagule 

counts  were recorded f o r  stems of t h e  1P.C and VF.C t rea tments ,  

and t h e s e  cannot be accounted f o r  but presumably r e s u l t e d  from 

contaminat ion.  



Table 11. Treatment codes f o r  Experiment 1. Tomato p l a n t s  
t r e a t e d  wi th  o r  wi thout  Fusarium oxysporum f .  sp. 
l y c o p e r s i c i  i n  t h e  p r e s e ~ b s ~ ~ e l o i d o g y n e  

Treatment code 

P lan t  - M. javanica  Inoculum l e v e l  Fusarium a f i s a r i u m  not 
v a r i e t y  i nocu la t ed  ( l a r v a e / p l a n t )  i nocu la t ed  inocu la t ed  

VF Yes 1,000 VF. MlOOOF VF. M l O O O  

VF Yes 5,000 VF. M5000F VF. M5000 

VF Yes 10,000 VF. MlOOOOF VF. M l O O O O  

"22  days a f t e r  - M. javanica  i nocu la t ions .  



Figure 4. The e f f e c t  of inoculum l e v e l  of Meloidogyne javanica on 

a t h e  d i sease  ind ices  recorded f o r  tomato p l a n t s  a t  

var ious  t irnes a f t e r  subsequent inocu la t ion  with 

Fusariurn oxysporurn f .  sp. l y c o p e r s i c i .  

" ~ a s e d  on degrees of  l e a f  c h l o r o s i s  ( ~ i g .  
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Table 111. The e f f e c t  of  inoculum l e v e l  of  Meloidogyne javanica 
on t h e  d i s e a s e  indi.cesa (means* S. E. ) recorded f o r  
tomato p l a n t s  a t  v a r i o u s ' t i m e s  a f t e r  subsequent 
i n o c u l a t i o n  wi th  Fusarium oxysporum f .  sp. 
l v c o ~ e r s i c i .  

Disease i n d i c e s  a t  va r ious  t imes a f t e r  Fusarium 
i n o c u l a t i o n  

P lan t  
Treatment 8 Days 14 Days 21  Days 28 Days 

IP.  C 

VF. C 

VF. MI000 

VF. M5000 

VF. M10000 

IP. F 

VF. F 

VF. M1000F 

VF. M10000F 

" ~ a s e d  on degrees of l e a f  c h l o r o s i s  ( ~ i g .  2 ) .  



Figure  5. The e f f e c t  of inoculum l e v e l  of  Meloidogyne javanica  

4- on t h e  number (means - S.E.) of propagules  of Fusarium 

s p e c i e s  p e r  gram f r e s h  weight of tomato r o o t  t i s s u e  

fo l lowing  i n o c u l a t i o n  

l y c o p e r s i c i .  

w i t h  Fu sa r ium oxysporum 





Table I V .  The e f f e c t  of inoculum l e v e l  of  Meloidogyne javanica  
on t h e  number of propagules of Fusariurn s p e c i e s  per  
gram f r e s h  weight o f  tomato stem t i s s u e  fo l lowing  - 
i n o c u l a t i o n  w i t h  Fusarium oxysporum f .  sp. l y c o p & s i c i .  

P l an t  
Treatment 

Number o f  
Propagules/g 

I P .  C 

VF. C 

VF.Ml000 

VF. M5000 

VF. M10000 

I P .  F  

VF. F  

VF. MlOOOF 

VF. M5000F 

VF. M10000F 



EXPERIMENT 2 

AGE OF THE TOMATO HOST 

MATERIALS AND METHODS 

Fusarium-resis tant  (VF) tomato p l a n t s  of two d i f f ,  v e n t  

ages,  4-weeks ("young") and 8-weeks ("o ld"  ) , were inocula ted  

wi th  10,000 l a r v a e  of M. javanica pe r  p l a n t .  Af te r  weighing - 
11 t h e  roo t  systems of t e n  equiva lent  young" and "old" p l a n t s ,  

t h e  r e l a t i v e  inoculum s i z e s  were est imated a s  26,000 and 9,000 

M. javanica l a rvae ,  r e s p e c t i v e l y ,  p e r  gram f r e s h  weight of root .  - 
I I A t  t h e  t ime of nematode inocu la t ion  young" p l a n t s  had four  and 

"old" p l a n t s  e igh t  t r u e  leaves .  Fusarium was inocula ted  22 days 

l a t e r .  The p l a n t  t r ea tmen t s  and t h e i r  r e spec t ive  codes a r e  

shown I n  Table V. 

Disease i n d i c e s  were taken  12, 16, 20 and 26 days a f t e r  

Fusarium inocu la t ion  and p l a n t s  were processed f o r  msar ium 

propagule counts immediately a f t e r  t h e  f i n a l  index readings.  

The experiment was conducted between mid-April and l a t e -  

Ju ly  of 1973. 

RESULTS 

The d i sease  ind ices  recorded f o r  t rea tments  of Fusarium- 

r e s i s t a n t  p l a n t s  with both M. - javanica and Fusarium (vF.Y,MF and 

VF. 0. MF) were s i g n i f i c a n t l y  ( P < 0.05) g r e a t e r  than  those  f o r  
* 

t rea tments  with Fusarium a lone  ( W.Y. F and VF. 0. F)  , (F ig .  6  and 

Table VI) . This t r e n d  was more apparent  i n  "young" than  i n  "old" 

p l a n t s .  Also, t h e  d i s e a s e  symptoms of "young" p l a n t s  which had 



been inocula ted  with both pathogens tended t o  be more exten- 

s i v e  than  those  of s i m i l a r l y - t r e a t e d  "old" p l a n t s ,  though t h i s  

d i f f e rence  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

11 Young" Fusarium-infected s u s c e p t i b l e  p l a n t s  ( IP. Y. F) 

expressed g r e a t e r  d i sease  symptoms t h a n  d id  t h e  "old" p l a n t s  

( 1 p . O . ~ ) .  Twenty days a f t e r  inocu la t ion ,  p l a n t s  of  t h e  1P.Y.F 

t rea tment  were almost dead, g iv ing  a  d i sease  index of 3.52 which 

was s i g n i f i c a n t l y  ( - P < 0.01) g r e a t e r  than  t h e  index o f  1.90 f o r  

p l a n t s  of t h e  1P.O.F t rea tment .  There were no apparent  d i f -  

11 f e rences ,  however, between d i s e a s e  i n d i c e s  of young'' and "old" 

VF p l a n t s  when i n f e c t e d  with e i t h e r  Fusarium o r  - M. javanica 

a lone .  

VF p l a n t s  of  both ages exh ib i t ed  a  high degree of 

Fusarium r e s i s t a n c e ,  i n  terms of symptom development, when 

inocula ted  wi th  Fusarium a lone ,  s ince  t h e  maximum d i sease  

i n d i c e s  obtained f o r  t h e s e  t r ea tmen t s  were l e s s  t h a n  6% of 

t h o s e  of t h e  Fusarium-susceptible responses.  Ind ices  f o r  both 

!I young" and "old" Fusarium- i n f  ec ted  s u s c e p t i b l e  p l a n t s  were 

s i g n i f i c a n t l y  (E < 0.01) g r e a t e r  than  those  f o r  r e s i s t a n t  p l a n t s  

i n f e c t e d  wi th  both pathogens, from 20 days a f t e r  Fusarium 

i n o c u l a t i o n  onwards. I n  "young" VF p l a n t s  s i g n i f i c a n t l y  ( 2  < 

0.001) g r e a t e r  d i sease  i n d i c e s  were recorded f o r  nematode- 

i n f e c t e d  than  f o r  c o n t r o l  p l a n t s  on t h e  20- and 26-day readings,  

but t h i s  d id  not occur i n  "old" VF p l a n t s ,  

For both age groups of p l a n t s ,  s i g n i f i c a n t l y  ( - P < 0.001) 

more Fusarium propagules were recovered from t h e  r o o t s  of  



r e s i s t a n t  p l a n t s  i n f e c t e d  with both - M. javanica and msar ium 

(VF.Y.MI;' and VF.O.MF) t h a n  from those  in fec ted  with Fusarium 

a lone  (VF.Y.F and VF. o .F) ,  (F ig .  7 ) .  Roots of "young" VF and 

I P  p l a n t s  which had been inocula ted  with Fusarium a lone  

harboured s i g n i f i c a n t l y  ( - P < 0.001) more (69 and 3 0 0 % ~  

r e s p e c t i v e l y )  Fusarium propagules than  d id  those  o f  t h e  

s imi la r ly - inocu la ted  "old" p l a n t s .  Also, s i g n i f i c a n t l y  ( P  - < 

0.001) more propagules were recovered from t h e  r o o t s  of "young" 

than  from those  of "old" VF p l a n t s  in fec ted  with both pathogens. 

None of  t h e  t rea tments  of  r e s i s t a n t  p l a n t s  r e s u l t e d  i n  such 

extens ive  Fusarium c o l o n i s a t i o n  of  r o o t s  a s  t h a t  found i n  t h e  

F'usarium-infected s u s c e p t i b l e  p l a n t s  (IP.Y. F and IP. 0. F) . 
Very few Fusarium propagules were recovered from stems of 

VF p l a n t s  whose r o o t s  had been inocula ted  with Fusarium, whether 

o r  not  - M. javanica a l s o  was present .  However, l a r g e  numbers of 

propagules occurred i n  t h e  stems of both "young" (492 5 40 x l o 3  

/ g  f r e s h  weight) and "old" (432 27 x 103/g f r e s h  weight) 

Fusarium- i n f e c t e d  s u s c e p t i b l e  p l a n t s .  



Table V. Treatment codes f o r  Experiment 2 .  Tomato p l a n t s  
t r e a t e d  with o r  without Fusarium oxysporum f .  sp. - 
l y c o p e r s i c i  i n  t h e  presence o r  absence of Meloidogyne 

Treatment code 

P lan t  M. javanica P lan t  Fusarium Fusarium not 
T v a r i e t y  lnocu la t  ed age inocu la t  eda inocula ted  

No Young 1P.Y.F 1P.Y.C 

No oldC IP. 0. F  I P .  0. C 

No Young VF.Y.F VF.Y.C 

No Old VF.0.F VF. 0. C 

Yes Young VF.Y.MF VF.Y.M 

Yes Old VF.0.W VF.0.M 

a22 days a f t e r  - M. javanica inocu la t ions .  

b ~ l a n t s  4 weeks o l d  a t  t h e  t ime of  - M. javanica inocula t ions .  

'p lan ts  8 weeks o ld  a t  t h e  t ime of  - M. javanica inocu la t ions .  



Figure 6. The e f f e c t  of age of tomato p l a n t s  on t h e  d i sease  

indicesa  recorded a t  var ious  t imes a f t e r  inocu la t ion  

with Fusarium oxysporum f .  sp. l y c o p e r s i c i  i n  t h e  

presence o r  absence of  Meloidogyne javanica.  

'I3ased on degrees of l e a f  c h l o r o s i s  ( ~ i g .  2 ) .  
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Table V I .  The e f f e c t  of  age of tomato p l a n t s  on t h e  d i sease  
indicesa (means f s.E.) recorded a t  var ious  t imes  
a f t e r  inocu la t ion  with Fusarium oxysporum f .  sp. 
l y c o p e r s i c i  i n  t h e  presence o r  a m  Meloidogyne 
javanica.  

Disease i n d i c e s  a t  var ious  t imes a f t e r  Fusarium 
inocu la t ion  

1 p l a n t  
t! Treatment 12 Days 16 Days 20 Days 26 ~ a y s  

IP. 0. C 
+ 

0.03-0.02 0.0920.02 0.14+0.03 0 . lg t0 .  03 
i 

1P.Y.C 0.08 0.04 0.11 0.04 0.15 0.02 0.19 0.08 

VF. 0. c 0.06 0.03 0.15 0.03 0.22 0.06 0.22 0.05 

IP. 0. F 0.18 0.07 0.80 0.26 1.90 0.37 2.93 0.28 

1P.Y.F 0.67 0.13 2.09 0.33 3.52 0.24 3.64 0.27 

VF. 0. F 0.04 0.03 0.09 0.03 0.16 0.04 0.19 0.05 

VF.Y.F 0.04 0.04 0.05 0.04 0.13 0.05 0.06 0.05 

VF. 0.MF 0.29 0.07 0.47 0.09 0.49 0.12 0.54 0.13 

VF.Y.MF 0.34 0.13 0.47 0.13 0.73 0.12 0.86 0.12 
-- 

"I3ased on degrees of  l e a f  c h l o r o s i s  (F ig .  2 ) .  



Figure  7. The e f f e c t  of  age  of  tomato p l a n t s  on t h e  number 
+ (means - S.E. ) of  Fusarium propagules  p e r  gram f r e s h  

weight of r o o t  t i s s u e  fo l lowing  i n o c u l a t i o n  w i t h  

Fusarium oxysporum f .  sp .  l y c o p e r s i c i  i n  t h e  presence  

o r  absence of  Meloidogyne javanica .  
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EXPERIMENT 3 

TIME INTERVAL BETWEEN INOCULATION WITH MELOIDOGYNE JAVANICA 

AND WITH FUSARIUM OXYSPORUM F. SP. LYCOPERSICI 

MATERIALS AND METHODS 

Four groups of  Fusar ium-res is tan t  ( V F )  tomato p l a n t s  were 

inocula ted  with 10,000 M. javanica l a r v a e  pe r  p l a n t ,  35, 25, - 
15, and 5 days before subsequently inocu la t ing  with Fusarium. 

The t imes of nematode inocu la t ion  were s taggered so t h a t  t h e  

p l a n t s  could be inocula ted  wi th  Fusarium on t h e  same day, a t  

which t ime a l l  p l a n t s  were 9 weeks o ld .  The four  t ime i n t e r -  

v a l s  were chosen so t h a t  t h e  i n f e c t i n g  nematodes would have 

developed t o  t h e  fol lowing s t a g e s  by t h e  t ime of Fusarium 

inocu la t ion :  -- 

5 days - second-stage l a r v a e  feeding  on t h e  induced g i a n t  c e l l s ;  

15 days - developing nematodes i n  t h e  process  of  moulting and, 

t h e r e f o r e ,  not  feeding; 

25 days - a d u l t  females feeding  and growing rapid ly ;  

35 days - a d u l t  females f eed ing  and ext ruding  eggs. 

The p l a n t  t rea tments  and t h e i r  r e spec t ive  codes a r e  shown 

i n  Table V I I .  

Disease ind ices  were taken  10, 14,  20 and 25 days a f t e r  

Fusarium inocu la t ion  and p l a n t s  were processed f o r  Fusarium 

propagule counts 1 day a f t e r  t h e  f i n a l  index readings.  

The experiment was conducted between mid-April and 



RESULTS 

Greater  d i sease  symptoms occurred i n  VF p l a n t s  which had 

been inocula ted  with both M. javanica and Fusarium t h a n  i n  - 
t hose  which had been inocu la ted  wi th  Fusarium a lone  (w.F), 

and t h e  longer  t h e  t ime i n t e r v a l  between inocu la t ion  wi th  each 

pathogen t h e  higher  were t h e  d i sease  ind ices  recorded ( ~ i ~ .  8 

and Table VIII) .  When t h e  i n t e r v a l  was 5 o r  15 days ( V F . M ~ F  

and VF'.M15F, r e s p e c t i v e l y )  t h e  inc reases  i n  d i s e a s e  i n d i c e s  

over t h e  VF.F t reatment  were small  and not  s t a t i s t i c a l l y  

s i g n i f i c a n t .  The i n c r e a s e s  were s i g n i f i c a n t  ( P  - < 0.01) ,  how- 

ever ,  with i n t e r v a l s  of 25 and 35 days ( V F . M ~ ~ F  and W . 0 5 ~ ) .  

The d i sease  i n d i c e s  f o r  t h e s e  t rea tments ,  taken  25 days a f t e r  

Fusarium inocula t ion ,  were 45 and 8 8 ,  respec t ive ly ,  g r e a t e r  

than  t h e  corresponding index f o r  t h e  VF.F t rea tment .  For 

t r ea tmen t s  involving i n o c u l a t i o n  wi th  both pathogens, t h e  only 

s i g n i f i c a n t  ( P  < 0.05) d i f f e r e n c e s  i n  d i sease  i n d i c e s  were - 
between a )  t h e  VF.M35F and VF.M5F, and b) t h e  VF.M35F and 

VF.Ml5F t rea tments .  

Ten days a f t e r  Fusarium i n o c u l a t i o n  t h e r e  was no s i g n i f i -  

cant  d i f f e r e n c e  i n  d i sease  i n d i c e s  between p l a n t s  of  t h e  

VF. M35F treatment  and Fusarium- i n f e c t e d  s u s c e p t i b l e  p l a n t s  

( IP. F) . Subsequently, however, i n d i c e s  f o r  t h e  s u s c e p t i b l e  

response increased more r a p i d l y  and, 15 days l a t e r ,  were 10% 

g r e a t e r  than  those  of  t h e  VF.M35F t rea tment .  Disease i n d i c e s  

recorded f o r  non-Fusarium-infected p l a n t s  were a l i  q u i t e  low 

(0.02 - 0.42) except f o r  those  of  t h e  VF.M25 t rea tment ,  though 



t h e  h igher  ind ices  r e s u l t i n g  from t h i s  t reatment  were not  

s i g n i f i c a n t l y  d i f f e r e n t  from those  of t h e  - M. j avanica- f ree  

c o n t r o l s .  

S i g n i f i c a n t l y  ( P  - < 0.05) more F'usarium propagules were 

recovered from r o o t s  of  VF p l a n t s  i n f e c t e d  with both - M. 

javanica and Fusarium than  from those  of p l a n t s  i n f e c t e d  wi th  

Fusarium a lone  (VF. F) with t h e  except ion o f  t h e  15-day inocu- 

l a t  i o n  i n t e r v a l  t rea tment  (VF. ~ 1 5 ~ )  i n  which 21% fewer propagules 

were recovered (F ig .  9). The inc reases  over t h e  VF.F t reatment  

i n  numbers of propagules recovered from r o o t s  were 14 ,  46, 

and 3% f o r  t h e  VF.M5F, VF.M25F and VF.m5F t rea tments ,  respec- 

t i v e l y .  There was no s i g n i f i c a n t  d i f f e r e n c e  i n  roo t  propagule 

counts  between t h e  25- and t h e  35-day i n t e r v a l  t rea tments .  The 

h ighes t  propagule count fo r  t h e  r o o t s  of r e s i s t a n t  p l a n t s  

i n f e c t e d  with both pathogens (155 x lo3  propagules/g i n  t h e  

VF.M25F t rea tment)  was only 31% of t h a t  f o r  t h e  r o o t s  o f  

Fusarium-infected s u s c e p t i b l e  p l a n t s  ( IP. F) . 
With t h e  except ion of a few i n  t h e  VF.M5F t rea tment ,  no 

Fusarium propagules were found i n  t h e  stem t i s s u e s  o f  Fusarium- 

i n f e c t e d  r e s i s t a n t  p l a n t s ,  whether o r  not  - M. javanica a l s o  was 
+ presen t .  Nevertheless,  l a r g e  numbers (476 - 35 x 103/g) of 

propagules were recovered from t h e  stems of Fusarium-infected 

+ s u s c e p t i b l e  p l a n t s .  Comparatively low propagule counts  ( 10 - 

1 x 103/g) recorded f o r  stems i n  t h e  VF.M5F and 1P.C t rea tments  

may have been due t o  contamination o r  t o  f a l s e  colony i d e n t i -  

f i c a t i o n .  



Table  VII. Treatment codes f o r  Experiment 

38. 

3. Tomato p l a n t s  

V: .ma Treatment code 
P lan t  M. javanica i n t e r v a l a  Fusarium Fusarium not 

7 v a r i e t y  inoculated (days)  inocula ted  inocula ted  

No 

No 

Yes 

Yes 

Yes 

Yes 

IP .  F 

VF. F 

VF. M5F 

VF. M15F 

VF.M25F 

w.rn5~ 

IP .  C 

VF. C 

W.M5 

VF. M l 5  

VF. M25 

Worn5 

" ~ e t w e e n  inocu la t ion  wi th  - M. javanica and with Fusarium. 



Figure 8. The e f f e c t  of t ime i n t e r v a l  between inocu la t ion  wi th  

Meloidogyne javanica and wi th  Fusarium oxysporum f .  sp. 

l y c o p e r s i c i  on t h e  d i sease  indicesa  recorded f o r  tomato 
1 

p l a n t s  a t  var ious  t imes a f t e r  Fusarium inocula t ion .  I 
I 
i 
1 

aEassd on degrees of  l e a f  c h l o r o s i s  ( ~ i g .  2 ) .  
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Table V I I I .  The e f f e c t  o f  t ime i n t e r v a l  between i n o c u l a t i o n  with 
Meloidogyne javanica and with Fusarium oxysporum f .  
sp. l y c o p e r s i c i  on t h e  d i sease  ind icesa  (means + 
S.E.) recorded f o r  tomato p l a n t s  a t  var ious  t imes 
a f t e r  Fusarium inocula t ion .  

Disease i n d i c e s  a t  var ious  t imes a f t e r  Fusarium 
inocu la t ion  

P lan t  
Treatment 10 Days 14 Days 20 Days 25 Days 

IP. C 0.04+0.04 0.13*0.05 0.23+0. 06 0.42+0.10 

VF. c 0.11 0.06 0.15 0.06 0.24 0.07 0.39 0.12 

VF. M 5  0.04 0.02 0.17 0.08 0.29 0.08 0.23 0.05 

V F . M ~ ~  0.02 0.02 0.10 0.03 0.23 0.04 0.31 0.03 

VF.M.25 

W.M35 

I P .  F 

VF.F 

VF. M5F 

VF.Ml5F 

VF.M25F 

VF.M35F 

a 
Based on degrees of l e a f  c h l o r o s i s  (F ig .  2 ) .  



Figure 9.  The e f f e c t  of t ime i n t e r v a l  between inocu la t ion  wi th  

Meloidogyne javanica and with Fusarium oxysporum f .  

sp. l y c o p e r s i c i  on t h e  number (means S.E. ) of 

Fusarium propagules pe r  gram f r e s h  weight of tomato 

roo t  t i s s u e .  





EXPERIMENT 4 

SEPARATE INFECTION SITES FOR MELOIDOGYNE JAVANICA AND 

FUSARIUM OXYSPORUM F. SP. LYCOPERSICI 

MATERIALS AND METHODS 

A l l  of t h e  tomato p l a n t s  i n  t h i s  experiment were induced 

t o  form a d v e n t i t i o u s  roo t  systems (11) i n  p o t s  ad jacen t  t o  

those  conta in ing  t h e  primary roo t  systems ( I )  ( ~ i g .  1 0 ) .  

This  was achieved by l a y i n g  t h e  stems of 8-week o l d  p l a n t s  on ---- - 

t h e i r  s i d e s  t o  touch t h e  s o i l  i n  t h e  ad jacen t  po t s ,  s ecur ing  t h e  
1 

stems wi th  bent-over p l a n t  t i e s  a t  t h e  cotyledonary nodes and 

t h e n  banking s o i l  a g a i n s t  t h e  stems. Within 24 hours t h e  

t e rmina l  p a r t s  of t h e  stems, having responded pho to t rop ica l ly ,  

were v e r t i c a l l y  o r i en ted ,  and w i t h i n  a week t h e  a d v e n t i t i o u s  

r o o t  systems were v i s i b l e  i n  t h e  region  of t h e  cotyledonary 

nodes. 

Root systems I of  12-week o l d  F'usarium-resistant (VF) 

p l a n t s  were inocula ted  w i t h  - M. javanica.  A s  adequate numbers 

of  hatched l a r v a e  were not  a v a i l a b l e  f o r  t h i s  experiment t h e  

inoculum cons i s t ed  of approximately 3,000 l a r v a e  and 7,000 

unhatched eggs ( i n  egg s a c s )  pe r  p l a n t  and presumably, the re -  

f o r e ,  - M. Javanica i n f e c t i o n  occurred over seve ra l  days owing t o  

s taggered egg hatching. Forty-two days a f t e r  nematode inocula- 

t i o n  Fusarium was inocula ted  on roo t  systems I1 i n  a l l  Fusarium 

t rea tments  except VF.M F i n  which roo t  systems I, which were I I 

a l ready  i n f e c t e d  with - M. javanica,  were inoculated.  A l l  of 

t h e  p l a n t  t rea tments  a r e  summarised i n  Table I X .  



!, Disease i n d i c e s  were t aken  20, 27, 34,  and 4 1  days a f t e r  

F'usarium inocula t ion .  Root systems I and I1 were processed 

separa te ly  f o r  Fusarium propagule counts  2 days a f t e r  t h e  

f i n a l  index readings.  Stems were not  analysed f o r  Fusarium 

c o l o n i s a t i o n  i n  t h i s  experiment. 

The experiment was conducted between early-September and 

RESULTS 

Disease symptoms were not  r e a d i l y  apparent  i n  Fusarium- 

i n f e c t e d  p l a n t s  u n t i l  about 20 days a f t e r  inocu la t ion  (Fig .  11 -_---- 
and Table x ) .  VF p l a n t s  which had been inocula ted  wi th  M. - 
javanica and Fbsarium, whether both on t h e  same roo t  system 

( v F . M ~ F ~ )  o r  each on s e p a r a t e  roo t  systems ( V F . M ~ F , ~ ~ )  showed 

g r e a t e r  d i sease  symptoms than  d id  those  which had been inocu- 

l a t e d  wi th  F'usarium a lone  (VF. FII), though t h i s  t r e n d  was 

s t a t i s t i c a l l y  s i g n i f i c a n t  ( P < 0.05) only i n  t h e  case  of t h e  - 
VF.MIFI t reatment .  Nei ther  of  t h e s e  two t rea tments  o f  VF 

p l a n t s  with both pathogens produced d i sease  symptoms as exten- 

s i v e  as those  of t h e  Fusarium-infected s u s c e p t i b l e  p l a n t s  

( IP* ~11) 

S i g n i f i c a n t l y  ( P  - < 0.05) g r e a t e r  d i sease  i n d i c e s  were 

recorded f o r  those  p l a n t s  which had been inocula ted  with both 

pathogens on t h e  same roo t  system than  f o r  those which had been 

inocula ted  with each on s e p a r a t e  roo t  systems, between 20 and 

34 days a f t e r  Fusarium inocu la t ion .  Af ter  t h i s  t ime d i s e a s e  



symptoms i n  p l a n t s  of t h e  VF.MIFI t reatment  d id  not i n c r e a s e  

f u r t h e r  whereas those  i n  p l a n t s  of t h e  VF.MIFII t rea tment  

continued t o  increase .  

From t h e  27-day index reading  onwards, VF p l a n t s  i n f e c t e d  

wi th  M. javanica a lone  ( V F . M ~ )  showed s i g n i f i c a n t l y  ( E  < 0.05) - 
g r e a t e r  symptoms than  d id  non-infected c o n t r o l  p l a n t s  (VF.  C )  . 
However, symptoms of  V F  p l a n t s  i n f e c t e d  with Fusarium a l o n e  

were not  s i g n i f i c a n t l y  g r e a t e r  than  those  of t h e  c o n t r o l s .  

I n  t h i s  experiment, t h e r e f o r e ,  VF p l a n t s ,  i n  terms of  symptom 

expression,  exhib i ted  high r e s i s t a n c e  t o  Fusarium i n  t h e  absence 

o f  M. javanica.  - 
S i g n i f i c a n t l y  ( .- P < 0.001) more Fusarium propagules were 

recovered from t h e  Fusarium-inoculated root  systems o f  M. - 
javanica- infec ted  p l a n t s ,  whether t h e  inocu la t ion  s i t e s  of 

each pathogen had been on t h e  same ( V F . M ~ F = )  o r  on s e p a r a t e  

r o o t  systems ( W . M ~ F ~ ~ ) ,  than  from those  of non-M. - javanica- 

i n f e c t e d  p l a n t s  (VF. F ~ ~ ) ,  ( ~ i g .  1 2 ) .  However, s i g n i f i c a n t l y  

more propagules were found i n  t h e  Fusarium- 

inocula ted  roo t  systems i n  t h e  VF.MIFI than  i n  t h e  VF.MIFII 

t rea tment .  

No Fusarium propagules were found i n  e i t h e r  roo t  system 

of  non-Fusarium- i n f e c t  ed p l a n t s  except 1 x lo3 propagules/g 

i n  roo t  system I of  c o n t r o l  I P  p l a n t s  ( I P . c ) ,  and very few o r  

no propagules were recovered from t h e  non-Fusarium-inoculat ed 

roo t  systems of any Fusarium-treated VF p l a n t s .  However, 

l a r g e  numbers of propagules were present  i n  both roo t  systems 



of Fusarium- in fec ted  s u s c e p t i b l e  p l a n t s  ( 1 F )  , though t h e r e  

were s i g n i f i c a n t l y  ( 2  < 0.001) more i n  roo t  system I1 t h a n  i n  

r o o t  system I. 



Figure 10. The production of a  double root  system on a s i ng l e  

tomato p lant .  Root system I -- primary; root  system 

I1 -- advent i t ious .  
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Table I X .  Treatment codes f o r  Experiment 4 .  Tomato p l a n t s  
t r e a t e d  with o r  without  F'usarium oxvmorum f .  s w .  
l y c o p e r s i c i  i n  t h e  p r e s e ~ b ~ e & e  of. ~ e l o i d o g y n e  
javanica.  

Treatment code 

M. javanica 
P l a n t  -r mocula ted  on Fusarium Root system F'usarium not 
v a r i e t y  roo t  system I inocu la t  eda inocula ted  inocula ted  

No IP. FII 

Yes 

Yes VF* M ~ F ~ ~  

I1 I P .  C 

I VF. MI 

a 42 days a f t e r  - M. javanica inocu la t ions .  



Figure  11. The e f f e c t  of s e p a r a t e  i n f e c t i o n  s i t e s  f o r  Meloidogyne 

javanica and Fusarium oxysporun f .  sp. l y c o p e r s i c i  

a on t h e  d i sease  i n d i c e s  recorded f o r  tomato p l a n t s  

a t  var ious  t imes a f t e r  Fusarium inocula t ion .  

a Based on degrees of l e a f  c h l o r o s i s  (F ig .  2 ) .  
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Table X. The e f f e c t  of s e p a r a t e  i n f e c t i o n  s i t e s  f o r  Meloidogyne 
javanica and Fusarium oxysporurn f .  sp. l y c o p e r s i c i  on 
t h e  d i sease  ind icesa  (means f S.E.) recorded f o r  tomato 
p l a n t s  a t  var ious  t i m i s  a f t e r  f isar iurn inocula t ion .  

Disease i n d i c e s  a t  var ious  times a f t e r  Fusarium 
inocu la t ion  

Plant  
Treatment 20 Days 27 Days 34 Days 4 1  Days 

IP. c 0.30to. 05 0.4220.08 0.6820.08 0.83to. 08 

VF. C 0.21 0.03 0.28 0.05 0.34 0.04 0.51 0.04 

IP. FII 1.00 0.15 2.14 0.22 2.90 0.23 3.63 0.11 

aEiased on degrees of l e a f  c h l o r o s i s  (F ig .  2 ) .  



Figure  12.  The e f f e c t  of  s e p a r a t e  i n f e c t i o n  s i t e s  ( r o o t  systems 

I and 11) f o r  Meloidogyne javanica and Fusarium 
+ 

oxysporum f .  sp. l y c o p e r s i c i  on t h e  number (means - 

s .E. )  of Fusarium propagules  pe r  gram f r e s h  weight 

o f  tomato r o o t  t i s s u e .  





SECTION 11. THE EFFECT OF MELOIDOGYNE JAVANICA INFECTION 
ON THE RESPONSE OF FUSARIUM-SUSCEPTIBLE TOMATO 
PLANTS TO FUSARIUM OXYSPORUM F. SP. LYCOPERSICI 



EXPERIMENT 5 

MATERIALS AND METHODS 

Seven-week o l d  Fusarium-susceptible ( IP)  tomato p l a n t s  

were inocula ted  with 10,000 M. javanica l a r v a e  per  p l a n t .  - 
Fusarium was inocula ted  29 days l a t e r .  The var ious  p l a n t  

t r ea tmen t s  a r e  sumrnarised as :  -- 

a )  - M. javanica a lone  (IP.M) ; 

b) Fusarium a lone  ( IP .  F);  

c )  - M. javanica p l u s  Fusarium ( 1 p . w ) ;  

d) non- inocu la t  ed c o n t r o l s  ( IP. C )  . 
Disease i n d i c e s  were taken  17, 22, 28, 33 and 38 days 

a f t e r  Fusarium inocu la t ion  and p l a n t s  were processed f o r  

Fusarium propagule counts  3 days a f t e r  t h e  f i n a l  index readings.  

The experiment was conducted between late-September and 

mid- January of  1973-74. 

RESULTS 

Disease symptoms were f i r s t  apparent  i n  Fusarium- 

i n f e c t e d  p l a n t s  17 days a f t e r  inocu la t ion  and t h e r e a f t e r  

increased  s t e a d i l y  (F ig .  13 and Table X I ) .  Howaver, t h e  r a t e s  

of  symptom development were slower than  i n  Fusarium-inf ected 

s u s c e p t i b l e  p l a n t s  i n  t h e  experiments conducted during 

summer months ( ~ x p e r i m e n t s  1, 2 and 3 ) .  

Greater  d i sease  i n d i c e s  appeared t o  occur i n  p l a n t s  in-  

f e c t e d  with both - M. javanica and Fusarium than  i n  those  

i n f e c t e d  with Fusarium a lone ,  though d i f fe rences  between t h e  



two were not s t a t i s t i c a l l y  s i g n i f i c a n t .  P l a n t s  i n f e c t e d  w i t h  

M. javanica a lone  c o n s i s t e n t l y  gave g r e a t e r  d i sease  i n d i c e s  - 
t h a n  d id  t h e  non-infected c o n t r o l  p l a n t s ,  and t h e s e  were 

s t a t i s t i c a l l y  s i g n i f i c a n t  ( - P < 0.05) f o r  t h e  33- and 38-day 

readings.  

More Fusarium propagules were recovered from stem than  from 

roo t  t i s s u e s  of F'usarium-inoculated p l a n t s  ( ~ i g .  1 4 ) .  Both t h e  

r o o t s  and t h e  stems o f  p l a n t s  i n f e c t e d  with - M. javanica and 

Fusarium contained s i g n i f i c a n t l y  ( - P < 0.001) more propagules 

than  d id  t h e  corresponding t i s s u e s  o f  p l a n t s  i n f e c t e d  wi th  

Fusarium alone,  and t h i s  i n c r e a s e  was considerably g r e a t e r  f o r  

t h e  r o o t s  (326%) than  f o r  t h e  stems (38%). No propagules were 

found i n  e i t h e r  t h e  roo t  o r  shoot t i s s u e s  of non Fusarium- 

inocu ia t  ed p l a n t s .  



Figure  13. The e f f e c t  of Meloidogyne javanica i n f e c t i o n  on t h e  

d i sease  indicesa  recorded f o r  Fusarium- s u s c e p t i b l e  

tomato p l a n t s  a t  var ious  t imes a f t e r  inocu la t ion  with 

Fusarium oxysporum f .  sp. l y c o p e r s i c i .  

a Based on degrees of l e a f  c h l o r o s i s  ( ~ i g .  2 ) .  





Table X I .  The e f f e c t  of  Meloidogyne javanica i n f e c t i o n  on t h e  
d i sease  indicesa  (means * S . E . ) c o r d e d  f o r  Fusarium- 
s u s c e p t i b l e  tomato p l a n t s  a t  var ious t imes a f t e r  in-  
ocu la t ion  with Fusarium oxysporum f .  sp. l y c o p e r s i c i .  

Disease ind ices  a t  var ious  t imes a f t e r  Fusarium 
inocu la t ion  

P lan t  
Treatment 17 Days 22 Days 28 Days 33 Days 38 Days 

IP. C 

1P.M 

I P .  F  

IP.MF 

" ~ a s e d  on degrees of l e a f  c h l o r o s i s  ( ~ i g .  2 ) .  



Figure  1 4 .  The e f f e c t  of Meloidogyne javanica i n f e c t i o n  o f  

F'usarium-susceptible tomato p l a n t s  on t h e  number 

+ (means - S.E. ) of  Fusarium propagules pe r  gram f r e s h  

weight of roo t  and stem t i s s u e  fo l lowing  i n o c u l a t i o n  

wi th  Fusarium oxysporum f .  sp .  l y c o p e r s i c i .  
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DISCUSSION 



A p o s i t i v e  d i sease  i n t e r a c t i o n  between - M. javanica and 

F. oxysporum f .  sp. l y c o p e r s i c i ,  i nd ica ted  by a  g r e a t e r  sever- - 
i t y  of d i sease  symptoms and extent  of  fungal  c o l o n i s a t i o n  o f  

r o o t s  tomato p l a n t s  i n f e c t e d  with both pathogens than  

p l a n t s  in fec ted  wi th  Fusarium a lone ,  occurred i n  each of 

Experiments 1 t o  5. I n  most i n s t a n c e s  t h e  i n t e r a c t i o n ,  i n  

terms of symptom expression, appeared t o  be a n  a d d i t i v e  one 

s i n c e  t h e  d i sease  i n d i c e s  of p l a n t s  in fec ted  with both patho- 

gens were no g r e a t e r  than  t h e  sums of t h e  i n d i c e s  of p l a n t s  

i n f e c t e d  wi th  each pathogen alone.  However, where t h e  d i s e a s e  

i n d i c e s  of  p l a n t s  i n f e c t e d  wi th  - M. javanica a lone  were not  s ig -  

n i f i c a n t l y  d i f f e r e n t  from those  of t h e  non-infected c o n t r o l s  

( t r e a t m e n t s  VF.Ml000 and VF.Ml0000 i n  Experiment 1; VF. 0.  M i n  

Experiment 2; W.M5, VI".M15, 'IT.M25 and V F . 0 5  i n  Experiment 3) 

t h e r e  i s  evidence t o  suggest t h a t  t h e  g r e a t e r  d i s e a s e  symptoms 

of  p l a n t s  in fec ted  with both pathogens were due not  t o  an  a d d i -  

t i v e  but t o  a  s y n e r g i s t i c  e f f e c t .  Synerg i s t i c  i n t e r a c t i o n s  

11  were most apparent  where young" p l a n t s  were inocula ted  

( ~ x p e r i m e n t  2 ) ,  and where t h e r e  was a  35-day i n t e r v a l  between 

inocu la t ion  wi th  each pathogen ( ~ x p e r i m e n t  3) .  I n  t h e s e  

ins tances  t h e  d i sease  i n d i c e s  of  p l a n t s  i n f e c t e d  wi th  both 

pathogens were g r e a t e r .  t h a n  t h e  sums of  t h e  ind ices  of p l a n t s  

i n f e c t e d  with each pathogen alone.  

This study has demonstrated t h a t  - M. javanica i n f e c t i o n  can 

reduce t h e  r e s i s t a n c e  of VF and inc rease  t h e  s u s c e p t i b i l i t y  of 

I P  tomato p l a n t s  t o  Fusarium in fec t ion .  Since t h e  lowered 



l e v e l  of r e s i s t a n c e  i n  VF p l a n t s  was never comparable t o  t h e  

s u s c e p t i b i l i t y  shown by I P  p l a n t s  when i n f e c t e d  with F'usarium 

11 a lone,  t h e  term r e s i s t a n c e  reduction" i s  considered more 

a p p l i c a b l e  i n  desc r ib ing  t h e  i n t e r a c t i o n  i n  VF p l a n t s  than  t h e  

more commonly-used term " r e s i s t a n c e  breakage" ( ~ e r g e s o n ,  1972).  

These r e s u l t s ,  t h e r e f o r e ,  a r e  s i m i l a r  t o  those  of Orion and 

Hoestra ( 1974) who repor ted  a n  increased  F'usarium- suscept  i b i l i t y  

of "~oneymaker" and a tendency towards r e s i s t a n c e  breakage of  

" ~ o r t o s "  tomatoes by - M. javanica and - M. incogni ta ,  but not  t o  

those  of  Jenkins and Coursen (1957) who found t h a t  th ,  Ore was 

no i n c r e a s e  i n  t h e  s u s c e p t i b i l i t y  o f  " ~ e d  Beefsteak" but t h a t  

t h e r e  was a complete breakage of t h e  r e s i s t a n c e  of  "~hesapeake"  

tomatoes by - M. incogni ta .  

Before d iscuss ing  t h e  impl ica t ions  of t h e  r e s u l t s ,  some 

explanat ion  should be given of t h e  incons i s t enc ies  i n  t h e  

magnitude of d i sease  i n d i c e s  and Fusarium propagule counts  t h a t  

occurred between experiments. For example, f o r  VF p l a n t s  

inocula ted  with F'usarium a lone ,  maximum disease  i n d i c e s  ranged 

from 0.13 ("young" p l a n t s  i n  Experiment 2 )  t o  1.27 (Experiment 

l ) ,  and roo t  propagule counts  from 25 x l o 3  ( ~ x p e r i m e n t  4 )  t o  

150 x l o 3  propagules p e r  g f r e s h  weight ( ~ x p e r i m e n t  1). These 

v a r i a t i o n s  were probably due t o  d i f f e r i n g  environmental and 

experimental  condi t ions .  The season during which an experi-  

ment was performed, d e s p i t e  t h e  r e l a t i v e l y  constant  environ- 

ment of t h e  glasshouse,  i s  probably one of t h e  most important 

cons idera t ions .  The average temperature and amount of inc iden t  



l i g h t  was apprec iably  lower i n  win te r  than  i n  summer, and t h e  

lower temperatures may have caused t h e  delay i n  appearance and 

development of  d i sease  symptoms i n  experiments conducted during 

winter  months (Experiments 4 and 5 ) .  The n u t r i e n t  l e v e l s  of 

d i f f e r e n t  batches o f  s o i l  may a l s o  have var ied  between experi-  

ment s. Such environmental f a c t o r s  a s  t h e s e  a r e  important 

v a r i a b l e s  a f f e c t i n g  t h e  s e v e r i t y  of F'usarium w i l t  of tomato 

(walker ,  D i f f e r i n g  experimental  condi t ions ,  such a s  

t h e  age of  t h e  p l a n t  a t  t h e  t ime of Fusarium i n o c u l a t i o n  and 

t h e  number of days a f t e r  Fusarium inocu la t ion  a t  which p l a n t s  

were processed f o r  propagule counts  a l s o  might have a f f e c t e d  

t h e  r e s u l t s .  

Disease ind ices  a r e  considered l e s s  r e l i a b l e  i n d i c a t o r s  

o f  t h e  extent  of  d i sease  than  propagule counts f o r  a  v a r i e t y  

of reasons.  F i r s t l y ,  l eaves  can become c h l o r o t i c  f o r  reasons 

o t h e r  than  msar ium o r  Meloidogyne i n f e c t i o n ,  so sometimes 

high d i sease  ind ices  were recorded i n  t h e  absence of e i t h e r  

pathogen. Secondly, degree of  l e a f  c h l o r o s i s  i s  a  s u b j e c t i v e  

c r i t e r i o n  and, t h e r e f o r e ,  i t s  measurement may have been incon- 

s i s t e n t ,  though t h e  method was thorough i n  t h a t  it measured 

c h l o r o s i s  of  every l e a f  of each p l a n t ,  thereby minimising such 

e r r o r s .  However, t h e r e  was u s u a l l y  q u i t e  a high in t ra t r ea tmen t  

var iance  i n  d i sease  i n d i c e s  which o f t e n  r e s u l t e d  i n  a l a c k  of 

s t a t i s t i c a l  s ign i f i cance  o f  in te r t r ea tmen t  d i f f e rences .  

Despi te  t h i s ,  t h e  method i s  considered u s e f u l  because i t  pro- 

vided a n  es t imate  of  t h e  o v e r a l l  e f f e c t  of t h e  d i s e a s e  i n t e r -  



a c t i o n  on t h e  condi t ion  of t h e  p l a n t s .  

The extent  of  t h e  d i sease  i n t e r a c t i o n  was dependent on t h e  

s p e c i f i c  experimental cond i t ions  imposed upon t h e  p l a n t s .  

There was more extens ive  fungal  c o l o n i s a t i o n  ( a s  measured by 

propagule counts)  of roo t  t i s s u e  wi th  higher  nematode inoculum 

l e v e l s  (F ig .  5 ) .  The c o r r e l a t i o n  i n  terms of  d i sease  symptoms 

was l e s s  c l e a r  (~ig. 4 ) ,  though t h e  h ighes t  d i sease  i n d i c e s  

were c o n s i s t e n t l y  recorded f o r  p l a n t s  which had rece ived  t h e  

h i g h e s t  inoculum l e v e l  ( 10,000 l a r v a e )  of M. javanica t o g e t h e r  - 
with  F'usarium. A s i m i l a r  f i n d i n g  by Kawamura and Hirano (1967) 

showed t h a t  t h e  e f f e c t  of M. incogni ta  i n  inc reas ing  t h e  Fusarium- - 
s u s c e p t i b i l i t y  of "Mat sudo-~onderosa" tomatoes was i n t e n s i f i e d  

by inc reas ing  t h e  number of nematodes t h e  inoculum. 

I n  terms of symptom expression,  t h e r e  appeared t o  be a 

g r e a t e r  d i sease  i n t e r a c t i o n  i n  "young" than  i n  "old" p l a n t s  

( ~ i g .  6 ) .  However, t h e  f a c t  t h a t  t h e r e  was more extens ive  

fungal  c o l o n i s a t i o n  of "young" t h a n  of "old" r o o t s ,  whether 

they  had been inocula ted  with M. javanica and Fusariwn o r  with - 
F'usarium a lone  (F ig .  7 ) ,  sugges ts  t h a t  t h e  age of t h e  hos t  p l a n t  

more probably determines t h e  degree of i t s  response t o  t h e  

fungus than  t h e  combination o f  nematode and fungus. Support 

i s  given t o  t h i s  conclusion by t h e  observat ion  o f  Alon e t  a l .  -- 
(1974) t h a t  t h e  incidence of  d i s e a s e  i n  Fusarium-inoculated 

r e s i s t a n t  tomatoes decreased with inc reas ing  seed l ing  age. 

I n  terms o f  symptom development, a p o s i t i v e  d i s e a s e  i n t e r -  

a c t i o n  occurred with a 5- o r  15-day i n t e r v a l  between inocu la t ion  



with each pathogen, though t h e  most extensive i n t e r a c t i o n s  

occurred w i t h  25- and 35-day inocu la t ion  i n t e r v a l s  ( ~ i g .  8) .  

No d e f i n i t e  explanat ion can be given f o r  t h e  apparent  negat ive  

i n t e r a c t i o n ,  i n  terms of  fungal  c o l o n i s a t i o n  of r o o t s ,  with 

t h e  15-day inocu la t ion  i n t e r v a l  ( ~ i g .  g ) ,  though a n  e r r o r  may 

have been made i n  c a l c u l a t i n g  t h e  d i l u t i o n  f a c t o r  f o r  t h e  homo- 

genised r o o t  sample. These r e s u l t s  a r e  c l o s e l y  similar t o  those  

o f  Por te r  and Powell (1967) and Melendez and Powell (1967) ,  who 

noted t h a t  maximal p r e d i s p o s i t i o n  of tobacco t o  Fusarium w i l t  

by root-knot nematodes occurred when nematode inocu la t ion  pre- 

ceded fungal inocu la t ion  by 3 o r  4 weeks (i. e. 21 o r  28-day 

inocu la t ion  i n t e r v a l s ) ,  though they  d id  not r e l a t e  t h e s e  t ime 

i n t e r v a l s  t o  developmental s t a g e s  of t h e  nematodes i n  t h e  

tobacco r o o t s .  Although t h e  four  inocu la t ion  t ime i n t e r v a l s  

used i n  t h e  experiment repor ted  here  were chosen t o  coinc ide  

wi th  four  s p e c i f i c  developmental s t a g e s  i n  t h e  l i f e  cyc le  of 

M. javanica  a at e r i a l s  and Methods, Experiment 3) ,  t h e  at tempt  - 
was only p a r t i a l l y  successfu l .  I n  order  t o  determine t h e  

developmental s t a g e s  of t h e  nematodes a t  t h e  t ime of  fungal  

inocula t ion ,  twenty nematodes pe r  t reatment  were d i s s e c t e d  

from t h e  r o o t s  a t  random and t h e i r  developmental s t a g s s  de ter -  

mined. Most of  t h e  nematodes were a t  t h e  expected s t a g e s  but 

some were l e s s  we l l  developed, poss ib ly  due t o  overcrowding. 

Also, due t o  t h e  i n a b i l i t y  t o  e l imina te  sources of  p o t e n t i a l  

fungal  i n f e c t i o n  i n  t h e  s o i l  a f t e r  t h e  time of fungal  inocula- 

t i o n ,  invasion by Fusarium presumably continued t o  occur f o r  



t h e  remainder of t h e  experimental  per iod,  when t h e  nematodes 

were a t  more mature s tages .  Hence, some r e s e r v a t i o n  i s  

necessary i n  r e l a t i n g  t h e  r e s u l t s  obtained t o  s p e c i f i c  develop- 

mental s t a g e s  of t h e  nematodes a t  t h e  time of fungal  invasion.  

The occurrence p o s i t i v e  d i sease  i n t e r a c t  ion  even 

when t h e  inocu la t ion  s i t e s  of - M. javanica and Fusarium were on 

separa te  root  systems ( ~ x p e r i m e n t  4 )  agrees  wi th  a similar 

f i n d i n g  by Bowman and Bloom (1966) who used a  s p l i t - r o o t  tech-  

nique t o  i n v e s t i g a t e  a - M. incognita/Fusarium i n t e r a c t i o n  i n  

tomato. These observat ions  suggest t h a t  t r a n s l o c a t a b l e  o r  

genera l  phys io logica l  changes t h a t  occurred i n  t h e  p l a n t s  a s  a 

r e s u l t  of  root-knot nematode i n f e c t  ions  a f f e c t e d  t h e i r  subse- 

quent responses t o  Fusarium i n f e c t i o n  a t  s i t e s  d i s t a n t  from t h e  

nematode in fec t ion .  However, i n  t h e  experiment r epor ted  here,  

t h e  f a c t  t h a t  a  g r e a t e r  d i sease  i n t e r a c t i o n  occurred when - M. 

javanica and msar ium were both inocula ted  on t h e  same roo t  

system suggests  t h a t  t h e r e  may a l s o  have been a  more d i r e c t  

i n t e r a c t i o n  between t h e s e  two pathogens. This p o s s i b i l i t y  i s  

i n f e r r e d  from t h e s e  r e s u l t s  with cau t ion  however, s i n c e  t h e  

primary root  system ( I ) ,  which received t h e  fungal  inoculum 

i n  t reatment  VF.MIFI might have responded d i f f e r e n t l y  t o  

Fusarium than  t h e  advent it ious  roo t  system ( 11) which rece ived  

t h e  inoculum i n  t reatment  VF. MIFII. I d e a l l y ,  a l l  p o s s i b l e  

combinations of c o n t r o l  t rea tments ,  inc luding  one with Fusarium 

inocula ted  a lone  on roo t  system I, would have been included, 

but l a c k  of m a t e r i a l s  and glasshouse space p roh ib i t ed  t h i s .  



Reviews on nematode/fungus i n t e r a c t i o n s  ( P i t c h e r ,  1965; 

Powell, 1971; Bergeson, 1972) have ind ica ted  t h a t  nematodes 

may a i d  fungal  i n f e c t i o n  i n  a  v a r i e t y  of ways, and it w i l l  be 

u s e f u l  t o  summarise t h e s e  here.  a)  Q u a l i t a t i v e  and/or quant i -  

t a t i v e  changes i n  t h e  r o o t  exudates of nematode- i n f e c t e d  p l a n t s  

may provide more e f f e c t i v e  s t i m u l i  t o  t h e  germination and growth 

of fung i  i n  t h e  rhizosphere.  b) The wounding a c t i o n  of  nema- 

todes  i n  roo t -pene t ra t ion  and, i n  t h e  case  of root-knot nema- 

todes ,  i n  ex t rus ion  of  egg sacs ,  may f a c i l i t a t e  fungal  pene- 

t r a t i o n .  c )  Biochemical modif ica t ions  of  r o o t  t i s s u e s  by 

root-knot  nematodes may provide more favourable  food s u b s t r a t e s  

f o r  fungi .  d) Changes i n  t h e  physiology of a p l a n t  may 

i n t e r f e r e  with i t s  mechanisms of r e s i s t a n c e  t o  fungi .  The 

r e s u l t s  of t h i s  study w i l l  now be discussed f u r t h e r  wi th  

r e fe rence  t o  t h e  above t h e o r i e s .  

The more extensive fungal  c o l o n i s a t i o n  of  nematode- 

i n f e c t e d  than  of nematode-free r o o t s  of both VF and I P  tomato 

p l a n t s  (F igs .  5, 7,  9, 12, and 14)  could have been due t o  a 

more favourable  s u b s t r a t e  provided by t h e  g a l l e d  roo t  t i s s u e .  

His to log ica l  examination of free-hand s e c t i o n s  of VF r o o t s  

which were i n f e c t e d  w i t h  both - M. javanica and Fusarium showed 

t h a t  fungal  hyphae were p resen t  i n  t h e  xylem v e s s e l s  and t h a t  

some of  t h e  nematode-induced g i a n t  c e l l s  were packed with 

hyphae (though o t h e r  g i a n t  c e l l s  were not co lon i sed) .  However, 

i n  VF r o o t s  in fec ted  with Fusarium a lone  hyphae were r a r e l y  

observed i n  any c e l l s  o t h e r  than  t h e  xylem vesse l s .  Abundant 



fungal  co lon i sa t ion  of  g i a n t  c e l l s  and nearby vesse l  elements 

h a s  a l s o  been observed i n  root-knot/Fusarium-infected tobacco 

r o o t s  ( ~ e l e n d e z  and Powell, 1967),  and tomato r o o t s  (~awamura 

and Hirano, 1968).  Fur ther ,  Hirano (1965) showed t h a t  dry 

weights  of  mycelium of s e v e r a l  spec ies  of Fusarium were g r e a t e r  

when cu l tu red  i n  media composed of expressed j u i c e s  from g a l l e d  

r o o t s  than  when i n  those  from heal thy  roo t  t i s s u e s .  The pos- 

s i b i l i t y  t h e r e f o r e  e x i s t s  ( a s  Bergeson (1972) ind ica ted)  t h a t  

t h e  inc reases  i n  some biochemical substances,  such as l i p i d s ,  

p r o t e i n ,  nucleic-  amino- and organic  a c i d s ,  i n  g a l l e d  r o o t s  

r epor ted  by Owens and Specht (1966),  could form a n  enriched 

growth medium f o r  f i n g i .  

An a d d i t i o n a l  cons idera t ion ,  i n  t h e  case of Fusarium- 

r e s i s t a n t  p l a n t s ,  i s  t h a t  t h e  c e l l s  composing g a l l e d  t i s s u e  

may be incapable of a normal r e s i s t a n c e  rssponse.  Beckman - e t  

a l .  (1972) considered t h a t  Fusarium r e s i s t a n c e  i n  W tomato - 
p l a n t s  i s  due t o  r ap id  t y l o s e  development i n  response t o  

Fusarium i n f e c t i o n s  which, a s  a r e s u l t ,  become sealed-off  i n  

t h e  xylem vesse l s .  Tyloses r e s u l t  from t h e  ba l loon- l ike  expan- 

s i o n  of xylem parenchyma o r  ray c e l l s  through t h e  p i t s  i n t o  

t h e  ad jacen t  v e s s e l s  ( ~ a l b o y s ,  1972).  I n  a  Meloidogyne- 

i n f e c t e d  roo t  system t h e  morphology and metabolism of  some of 

t h e  vascular  parenchyma c e l l s  undergo s t r i k i n g  changes i n  t h e  

formation of g i a n t  c e l l s ,  and hypertrophy and hyperplas ia  of 

va r ious  types  of roo t  c e l l s ,  sometimes inc luding  vascular  

parenchyma, c o n t r i b u t e  t o  t h e  formation of t h e  g a l l s  ( ~ r u s b e r g ,  



1963).  It i s  conceivable t h a t  such modified c e l l s ,  e s p e c i a l l y  

t h e  g i a n t  c e l l s ,  a r e  unable t o  form t y l o s e s ,  i n  which case  t h e  

capac i ty  f o r  Fusarium r e s i s t a n c e  of a nematode-infected roo t  

system would be reduced. 

There was never any apprec iab le  Fusarium-colonisat ion  

( i n d i c a t e d  by very low propagule counts)  of t h e  stem t i s s u e  of  

Fusarium-inoculated r e s i s t a n t  p l a n t s  e i t h e r  i n  t h e  presence 

o r  absence of - M. javanica ( ~ x p e r i m e n t s  1, 2 and 3) .  However, 

stems of  Fusarium-inoculated s u s c e p t i b l e  ( IP) p l a n t s  were 

ex tens ive ly  colonised i n  t h e  absence and even more so i n  t h e  

presence of nematode i n f e c t i o n s ,  though t h e  a c t u a l  percentage 

inc rease  i n  c o l o n i s a t i o n  was not  nea r ly  as g r e a t  a s  t h a t  f o r  I P  

r o o t s  (F ig .  1 4 ) .  Orion and Hoestra (1974) found t h a t  M. - 
javanica o r  - M. incogni ta  increased  t h ?  number of  Fusarium- 

i n f e c t e d  vascular  bundles i n  t h e  stems of Fusarium- s u s c e p t i b l e  

tomatoes. Perhaps t h e  g r e a t e r  fungal  c o l o n i s a t i o n  o f  Fusarium- 

s u s c e p t i b l e  stems was due not  so much t o  t h e i r  g r e a t e r  suscep- 

t i b i l i t y  a s  t o  an  increased  inoculum p o t e n t i a l  o f  Fusarium 

r e s u l t i n g  from growth on a g a l l e d  roo t  system. This scheme 

could opera te  f o r  t h e  Fusarium-susceptible stems, s ince  they  

support  fungal  growth anyway, but not  f o r  t h e  VF s t  ems which 

normally r e s i s t  fungal  invasion.  The r e s u l t s  repor ted  here  

a r e  cont rary ,  i n  p a r t ,  t o  those  of  Bergeson e t  a l .  (1970) who -- 
demonstrated more extensive growth of Fusarium i n  r o o t s  but not 

i n  stems o f  Fusariwn-susceptible tomato p l a n t s  when i n f e c t e d  

w i t h  - M. javanica,  though both s e t s  of r e s u l t s  emphasise t h a t  



t h e  g a l l e d  roo t  system i s  t h e  s i t e  most a f f e c t e d  by increased  

fungal  co lon i sa t ion .  This  i s  a d d i t i o n a l  support  f o r  t h e  theory 

t h a t  g a l l e d  r o o t s  form a  more favourable  environment f o r  fungal 

growth. 

As previously ind ica ted ,  t h e  r e s u l t s  of Experiment 4 sug- 

g e s t  t h a t  phys io logica l  changes t h a t  occurred i n  p l a n t s  due t o  

nematode i n f e c t i o n  may have been p a r t l y  respons ib le  f o r  t h e  

d i s e a s e  i n t e r a c t i o n .  This theory  i s  supported f u r t h e r  by t h e  

r e s u l t s  of Experiment 3 which show t h a t  t h e  g r e a t e s t  d i sease  

i n t e r a c t i o n s  occurred when t h e  nematodes had been i n  t h e  r o o t s  

f o r  25 o r  35 days before fungal  inocula t ion ,  a t  which t imes 

they were mostly newly-moulted a d u l t  females o r  mature females 

producing and extruding eggs. B i r d  (1961; 1972) showed t h a t  

growth of  root-knot nematodes was most r ap id  between t h e  comple- 

t i o n  of moulting and t h e  commencement of egg lay ing ,  and t h a t  

g i a n t  c e l l s  were l a r g e s t  and synthes ised  p r o t e i n  most a c t i v e l y  

during t h e  per iod  of r ap id  nematode growth and egg production. 

A t  t h e s e  t imes,  t h e r e f o r e ,  t h e  nematodes must e x e r t  t h e i r  

g r e a t e s t  phys io logica l  s t r e s s  ( e .g .  i n  terms of n u t r i e n t  de- 

p l e t i o n  and s e c r e t i o n  of f o r e i g n  chemical substances)  on t h e  

hos t  p l a n t ,  so t h e  r e s u l t s  of  Experiment 3 present  circumstan- 

t i a l  evidence f o r  such a  s t r e s s ,  o r  t h e  consequences the reof ,  

being involved i n  t h e  mechanism of  t h e  d isease  i n t e r a c t i o n .  

I n  f u r t h e r  support  of t h i s  idea ,  Huang -- e t  a l .  (1971) found t h a t  

inc reases  i n  peroxidase l e v e l s  of tomato p l a n t s  a s  a r e s u l t  of 

M, incogni ta  i n f e c t i o n ,  were g r e a t e s t  a f t e r  t h e  f i n a l  moult and - 



dur ing  egg production. It i s  t h e r e f o r e  reasonable t o  assume 

t h a t  o t h e r  biochemical changes occurr ing  i n  p l a n t s  due t o  

root-knot nematode i n f e c t i o n s ,  inc luding  some which may be 

a s s o c i a t e d  with t h e  d i sease  i n t e r a c t i o n ,  would be most apparent  

a t  t h e  t imes of  mature nematode i n f e c t i o n s .  For ins t ance ,  

Wang found t h a t  inc reases  i n  t o t a l  sugar concent ra t  ion  

i n  t h e  xylem sap of  M. i ncogn i t a - in fec ted  tomato p l a n t s  reached - 
a maximum 4 weeks a f t e r  nematode inocula t ion .  He considered 

t h a t  t h e  g r e a t e r  sugar content  could f a c i l i t a t e  growth and 

c o l o n i s a t i o n  of  Fusarium i n  t h e  xylem. H i s  a d d i t i o n a l  f i n d i n g  

t h a t  t h e  sugar concent ra t ion  g r e a t l y  increased wi th  h igher  

nematode inoculum l e v e l s  could exp la in  t h e  more extens ive  

Fusarium co lon i sa t ion  of  r o o t s  when i n f e c t e d  with l a r g e r  numbers 

of  nematodes ( ~ x p e r i m e n t  1). However, due cons ide ra t ion  should 

a l s o  be given t o  t h e  p r o b a b i l i t y  t h a t  l a r g e r  numbers of nematodes 

would a l s o  a )  induce g r e a t e r  changes i n  root-exudates,  and b)  

cause more extensive roo t  wounding, and both of  t h e s e  phenomena, 

a s  mentioned e a r l i e r  i n  t h e  d iscuss ion ,  have been considered 

as p o s s i b l e  explanat ions f o r  nematode/fungus d i sease  i n t e r -  

a c t i o n s .  However, t h e  r e s u l t s  o f  Experiment 3, which show 

t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  extent  of  fungal  

c o l o n i s a t i o n  of  nematode-infected r o o t s  between t h e  35-day 

inocu la t ion  i n t e r v a l  t reatment  ( i n  which most nematodes were 

ext ruding  egg sacs  a t  t h e  t ime of fungal  inocu la t ion)  and t h e  

25-day i n t e r v a l  t reatment  (no  egg sac ext rus ion  a t  fungal  

i n o c u l a t i o n ) ,  do not  support  t h e  idea  t h a t  roo t  wounding, due t o  



egg sac ext rus ion ,  may be an  important f a c t o r  i n  f a c i l i t a t i n g  

fungal  pene t ra t ion  ( ~ e r g e s o n ,  1972) . 
I n  specu la t ing  f u r t h e r  on how nematode- induced hos t  

phys io log ica l  changes may reduce t h e  r e s i s t a n c e  of VF p l a n t s  

t o  F'usarium, it w i l l  be usef'ul t o  r e f e r  once aga in  t o  t h e  work 

o f  Beckman e t  a l .  (1972) which showed t h a t  FUsarium r e s i s t a n c e  -- 
i n  VF tomato p l a n t s  i s  due t o  t h e  r a p i d  occ lus ion  of  i n f e c t e d  

xylem v e s s e l s  by t y l o s e  development. This  r e s i s t a n c e  mechanism 

was apparent ly  l e s s  e f f i c i e n t  even when - M. javanica and F'usarium 

were i n f e c t i n g  s e p a r a t e  r o o t  systems, s i n c e  t h i s  s t i l l  r e s u l t e d  

i n  increas2d fungal  c o l o n i s a t i o n  ( ~ i g .  1 2 ) .  It i s  conceivable  

t h a t  a t r a n s l o c a t a b l e  f a c t o r  produced o r  induced by t h e  nema- 

todes  i n  r o o t  system I i n t e r f e r e d  wi th  t h e  F'usarium response 

mechanism i n  roo t  system I1 and reduced i t s  e f f i c i ency .  There 

w i l l  be no at tempt  he re  t o  specu la te  on what such a f a c t o r  might 

have been o r  how it might have operated,  but work by Wang (1973) 

has  shown t h a t  root-knot nematodes can induce t r a n s l o c a t a b l e  

e f f e c t s  i n  p l a n t s .  Using a  s p l i t - r o o t  technique, he found t h a t  

t h e  permeabi l i ty  o f  t h e  tonop las t  and plasma membrane of  non- 

g a l l e d  tomato roo t  c e l l s  i n  one h a l f  of t h e  s p l i t - r o o t  system 

increased  i n  t h e  presence of a - M. incogni ta  i n f e c t i o n  on t h e  

o t h e r  h a l f  of  t h e  r o o t  system. If  nematode-produced/induced 

f a c t o r s  a r e  t r anspor ted  i n  t h e  xylem they could be p a r t i c u l a r l y  

e f f e c t i v e  i n  in f luenc ing  t h e  Fusarium-resistance mechanism 

whose s i t e  of funct ion ,  according t o  Beckman -- e t  a l .  (1972) ,  i s  

i n  t h e  xylem. 



Root- knot nematodes could a l s o  inf luence  t h e  Fusarium- 

r e s i s t a n c e  response by i n t e r f e r i n g  with t h e  normal metabolism 

o f  growth substances.  Brueske and Bergeson (1972) found t h a t  

i n f e c t i o n  of tomato with - M, incogni ta  caused a reduct ion  i n  

cy tok in ins  and g i b b e r e l l i n s  i n  roo t  t i s s u e  and xylem exudate, 

and they  suggested t h a t  t h e  decrease i n  cytokin ins  could be 

re spons ib le  f o r  a p l a n t 1  s lower r e s i s t a n c e  t o  secondary infec-  

t i o n .  I n  add i t ion ,  it has been shown t h a t  t reatment  of tomato 

p l a n t s  wi th  g i b b e r e l l i c  a c i d  in f luences  t h e  symptoms which they 

develop i n  response t o  i n f e c t i o n  with Fusarium ( ~ i m o n d  and 

Corden, 1957; Paquin, 1962).  Orion and Hoestra (1974) found 

t h a t  e t h r e l  ( a n  e thy lene- re leas ing  compound) markedly reduced 

symptoms of Fusarium w i l t  i n  tomatoes, but t h a t  t h i s  the ra -  

p e u t i c  e f f e c t  was counteracted by i n f e c t i o n s  of - M. incogni ta  

o r  - M. javanica.  From t h e s e  f ind ings ,  they concluded t h a t  p l a n t  

growth r e g u l a t o r s  play a  r o l e  i n  Fusarium-resistance and i n  t h e  

e f f e c t  of t h e  nematodes on t h e  s e v e r i t y  of Fusarium w i l t .  

The presence of l e a f  c h l o r o s i s  i n  VF p l a n t s  i n  t h e  absence 

o f  any apprec iab le  fungal  c o l o n i s a t i o n  of t h e  stems ( ~ x p e r i m e n t s  

1, 2  and 3) suggests  t h e  p o s s i b l e  involvement of  t r a n s p o r t e d  

f i n g a l  tox ins  i n  t h e  development of  f o l i a r  symptoms i n  t h e  

d i s e a s e  i n t e r a c t i o n .  Keyworth (1964; 1968) was a b l e  t o  pro- 

duce symptoms of c h l o r o s i s  and nec ros i s  i n  t h e  l eaves  of 

F'usarium-resistant sc ions  when g r a f t e d  onto i n f e c t e d  Fusarium- 

s u s c e p t i b l e  root  s tocks  even though t h e  sc ions  were not  exten- 

s i v e l y  invaded. Resu l t s  of t h e  experiments repor ted  he re  ind i -  



c a t e  a n  increased Fusar ium-suscept ib i l i ty  of VF r o o t s  when 

i n f e c t e d  with M. javanica,  so t h i s  s i t u a t i o n  o f  Fusarium- - 
r e s i s t a n t  VF p l a n t s  i n f e c t e d  wi th  root-knot nematodes was 

e s s e n t i a l l y  s imi la r  t o  t h a t  produced by Keyworth i n  h i s  

r e s i s t a n t  sc ion / suscep t ib le  r o o t  s tock  g r a f t s .  Furthermore, 

upon Fusarium-inoculation of  t h e  roo t  systems, both o f  t h e s e  

cond i t ions  r e s u l t e d  i n  more extens ive  l e a f  c h l o r o s i s  t h a n  was 

observed i n  con t ro l s .  Keyworth considered t h a t  t h e  e f f e c t  he 

produced was due t o  a hypersens i t ive  response of  t h e  l eaves  t o  

t o x i c  fungal  metabol i tes  produced i n  t h e  in fec ted  s u s c e p t i b l e  

roo t  s tock,  so t h e  same explanat ion  may apply t o  t h e  g r e a t e r  

l e a f  symptoms of  VF p l a n t s  i n  t h e  d i s e a s e  i n t e r a c t i o n .  Bergeson 

(1972) suggested t h a t  f u n g i  growing on nematode-modified t i s s u e s  

could undergo phys io logica l  changes causing q u a n t i t a t i v e  o r  

q u a l i t a t i v e  changes i n  t h e  t o x i n s  t h a t  they produce. It i s  

a l s o  p o s s i b l e  t h a t  a nematode-produced/induced f a c t o r  could 

change t h e  a c t i v i t y  o f ,  o r  h o s t  response t o ,  f i n g a l  t o x i n s  t o  

t h e  detriment of  t h e  p l a n t .  I f  such a  f a c t o r  were produced i n  

g r e a t e r  amounts with more mature nematode i n f e c t i o n s  then  

t h i s  mechanism could expla in  t h e  more extensive d i sease  symptoms 

which occurred w i t h  g r e a t e r  t ime i n t e r v a l s  between inocu la t ion  

w i t h  M. javanica and Fusarium ( ~ i ~ .  8) .  . - 
This d i scuss ion  has  poin ted  t o  t h e  poss ib le  involvement 

of more than  one mechanism i n  t h e  d i sease  i n t e r a c t i o n .  It 

would be unwise t o  at tempt  t o  oversimplify t h e  apparent  com- 

p l e x i t y  of  t h i s  and o t h e r  nematode/fungus d i sease  i n t e r a c t i o n s  



which may be due t o  not j u s t  one, but s e v e r a l  mechanisms 

l inked  toge the r  i n  a chain of  complementary events.  However, 

t h i s  study has emphasised t h e  importance of  changes i n  a 

p l a n t 1  s physiology due t o  nematode i n f e c t i o n  i n  in f luenc ing  t h e  

e f f e c t i v e n e s s  of i t s  subsequent response t o  fungal  invasion.  

Fur ther  information l ead ing  t o  a b e t t e r  understanding of 

themechanisms involved i n  Meloidogyne/Fusarium d i sease  i n t e r -  

a c t i o n s  could come from c l o s e r  s tudy of t h e  biochemical pro- 

c e s s e s  involved i n  t h e  Meloidogyne/plant r e l a t i o n s h i p  and i n  

t h e  msar ium-res i s t ance  response.  

SUMMARY 

This study has shown t h a t  - M. javanica i n f e c t i o n  can reduce 

t h e  F'usarium-resistance of VF and inc rease  t h e  Fusarium- 

s u s c e p t i b i l i t y  of  I P  tomato p l a n t s .  Res is tance  reduct ion  was 

more apparent  a )  i n  4-week than  i n  8-week o l d  p l a n t s ,  b)  w i t h  

i nc reas ing  inoculum l e v e l s  (up  t o  10,000 l a r v a e  pe r  p l a n t )  of 

M. javanica,  and c )  with i n c r e a s i n g  t ime i n t e r v a l s  (up t o  35 - 
days) between inocu la t ion  with - M. javanica and subsequent ino- 

c u l a t i o n  with Fusarium. A number o f  p o s s i b l e  mechanisms f o r  

t h e  d i sease  i n t e r a c t i o n  a r e  discussed.  
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