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INTRODUCTION

Fusarium  w il ts  axe among th e  most im portant d ise a se s  of c u l t i ­

v a te d  p la n ts*  A se rio u s  w i l t  of can ta loups ( Cucumis melo L*) i s  caused 

by Fusarium bulbigenum (Cke, and Mass*) v a r .  niveum Wr* form 2* T his 

d ise a se  has been d esc rib ed  by Leach, and Leach and Currence (*+, 6) .

The h o s t-p a x a s ite  r e la t io n s h ip  in  v ario u s  p la n ts  su b jec t to  a t ­

ta c k  by v a sc u la r  F u sa ria  has been in v e s tig a te d  (1 , 2, 11, 1*+, 16, IS , 20, 

22 , 23 , 2*0 , bu t th e  only study of th e  h is to lo g y  o f can ta loups in fe c te d  

w ith  Fusarium w il t  i s  a  b r ie f  d iscu ss io n  by Leach and Currence ( 6 ) .

Y oshii (22, 23, 2*0 and W ilson (20) s tu d ied  th e  r e la t io n s h ip  between h o st 

and p a r a s i t e  in  s u sc e p tib le  and r e s i s ta n t  v a r i e t ie s  and s t r a in s  o f w ater­

melons in fe c te d  w ith  Fusarium w ilt*  The watermelon pathogen i s  a  wform w 

of F* bulbigenum var* niveum Wr* and can be d is tin g u ish e d  from the  can ta­

loup «formH only  on th e  b a s is  of p a th o g en ic ity  ( 3 , *0 6 , 15 , 21)*

The most s a t i s f a c to ry  method of c o n tro ll in g  w il t  d ise a se s  has 

been th e  development and use  of r e s i s ta n t  v a r ie t ie s *  No s ig n if ic a n t  r e ­

s is ta n c e  to  Fusarium w il t  was found by Leach and Currence ( 5 , 6) in  any 

o f th e  n e tte d  skinned v a r i e t ie s  of Cucumis melo, bu t r e s is ta n c e  was found 

in  smooth skinned types* Highly r e s i s ta n t  s t r a in s  of n e t te d  skinned mel­

ons have s in ce  been o b ta in ed  by h y b r id iz a tio n , bu t th o se  so f a r  produced 

have no t been e n t i r e ly  s a t i s f a c to ry  from th e  commercial p o in t  o f view*

While r e s i s ta n t  v a r ie t ie s  of v a rio u s  p la n ts  may no t develop ty p i­

c a l symptoms o f th e  d ise a se , they may be invaded to  some ex ten t by the  

w i l t  Fusaria*  This has been observed in  watermelons by Wilson (2 0 ), in  

cabbage by Smith and Walker (1*0 and Anderson and Walker ( l ) ,  in  peas by 

Sehroeder and Walker (11) and V irg in  and Walker ( IS ) , in  f la x  by T isd a le



( l 6) , and in  o th e r  p la n ts  by v a rio u s  workers* The r e la t io n s h ip  between 

p a r a s i t e  and h o s t in  r e s i s ta n t  can ta loups has not been in v e s tig a te d  p re ­

v iously*

Cucumbers, iddch  a re  c lo se ly  r e la te d  to  can ta lo u p s, were no t a f ­

fe c te d  by th e  cantaloup w i l t  Pusarium in  t e s t s  conducted by Leach and 

Currence ( 6)* However, P o r te r  (10) was a b le  to  i s o la te  P* bulbigenum 

var* niveum capable of in fe c t in g  waterm elons from supposedly immune c i t ­

ron  vines*

In  as  much a s  p re lim in a ry  t r i a l s  showed th a t  P* bulbigenum var* 

niveum f * 2 can be i s o la te d  from t is s u e s  o f r e s i s ta n t  can ta loups and cu­

cumbers in o c u la te d  w ith  th a t  fungus, i t  was considered  w orthw hile to  in ­

v e s t ig a te  f u r th e r  th e  responses o f s u sc e p tib le  and r e s i s ta n t  can ta loups 

and o f cucumbers to  inocu la tion*  The purpose of t h i s  work was to  s tudy  

com paratively  th e  h o s t- p a r a s i te  r e la t io n s h ip  in  th e se  th re e  p lan ts*

MATERIALS AND METHODS

Source of Seed

The su sc e p tib le  cantaloup p la n ts  used throughout t h i s  work were 

a l l  r a is e d  from a  s in g le  l o t  o f commercial seed of th e  v a r ie ty  Hales Best 

No. r e s i s ta n t  c a n ta lo i^ s  were grown c h ie f ly  from seeds of s t r a in

11-3#, which was p rov ided  by Dr. T. M* Currence of th e  U n iv e rs ity  o f Minne­

sota* This s t r a in  o r ig in a te d  a t  th e  Iowa A g ric u ltu ra l Experiment S ta tio n  

from a  c ro ss  between Honey B a ll and Sugar Rock, and was homozygous f o r  w ilt  

re s is ta n c e *  Another r e s i s ta n t  s t r a in  used to  a  l im ite d  ex ten t was known as 

P . B. No* 13* This s t r a in  was fu rn ish ed  by Dr* H* M. Hunger o f th e  Depart­

ment of P la n t Breeding a t  C ornell U n iv e rs ity . The cucumbers were of the 

v a r ie ty  E a rly  P o rtune .
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Source of Inoculum

She c u ltu re  of Fusarium  used in  t h i s  study was d es ig n a te d  A-122- 

1-1-1* I t  was th e  t h i r d  su ccessiv e  s in g le  m ic ro co n id ia l i s o la t e  from a  

c u l tu re  i s o la te d  from a  w ilte d  cantaloup p la n t  from Azrne Arundel County, 

M aryland. The o r ig in a l  i s o la t io n  was made "by Dr. Mark Woods on Ju ly  10, 

193S and id e n t i f ie d  as  Fusarium hulbigenum v a r . niveum f . 2. C ultu re  

A-122-1-1-1 was somewhat more v iru le n t  h u t id e n t ic a l  in  p a th o g e n ic ity  w ith  

a  c u ltu re  of Fusarium hulbigenum v a r . niveum f .  2 from M innesota which i t  

resem bled c lo s e ly  in  m orphological and c u l tu r a l  c h a r a c te r i s t i c s .

The inoculum used throughout th e  study^ was p rep ared  in  th e  fo llo w -
2

in g  manner. The fungus was grown on 50 c .c .  o f a  l iq u id  medium in  125 

c .c .  Erlenmeyer f la s k s .  A fte r  approxim ately  y) days in cu b a tio n  a t  28° C. 

th e  l iq u id  c u ltu re s  were f i l t e r e d ,  and th e  fungus mat from each f la s k  was 

ground in  a  Waring Blendor w ith  100 c .c .  o f  tap  w ate r. The r e s u l t in g  

m ilky suspension of spores and m ycelia l fragm ents was used  w ithout f u r th e r  

d i lu t io n .

C u ltu re  and In o c u la tio n  o f P la n ts

F or th e  p e n e tra t io n  s tu d ie s  seeds were su rface  s t e r i l i z e d  w ith  one 

p e rc e n t calcium  h y p o ch lo rite  so lu tio n  and germ inated a t  room tem perature on 

f i l t e r  paper m oistened w ith  s t e r i l e  n u t r ie n t  so lu tio n  in  p e t r i  d ish e s .

A spore suspension was used to  in o c u la te  seed lin g  ro o ts  in  th e  
p e n e tra tio n  s tu d ie s .

^Richard* s m odified  so lu tio n : Sucrose, 50 gnu* potassium  n i t r a t e ,
10 gm.* dihydrogen potassium  phosphate , 5 gnu; magnesium s u l f a te ,  2*5 gnu; 
w ate r, 1,000  c.c*
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When th e  r a d ic le s  were 1 to  3 cm* lo n g , th ey  were in o c u la te d  e i th e r  hy 

d ip p in g  them in to  a  suspension of spores from th e  su rfa ce  of an ag a r cu l­

tu r e  o f  th e  w il t  Fusarium o r  by pou rin g  a  few drops o f th e  spore suspen­

s io n  over them. At in te r v a ls  a f t e r  in o c u la tio n  p o r tio n s  o f th e  l iv in g  

ro o ts  were mounted in  tap  w ater on a  m icroscope s l id e  under a  cover s l ip  

supported  by s t r i p s  o f p a r a f f in  to  p rev en t crush ing  and examined under 

th e  o i l  immersion le n s  o f th e  microscope*

In  o rd e r  to  study th e  e f f e c t  o f th e  w i l t  Fusarium on seed germi­

n a tio n  and th e  development o f se e d lin g s , seeds were p la n te d  in  s t e r i l i s e d  

sand in  earthenw are bulb  pans in  th e  greenhouse and in o c u la te d  by p o uring  

100 c*c* of th e  inoculum over th e  seeds in  each bu lb  pan b e fo re  th e  sand 

was firm ed  over them* The sand was kept m oist w ith tap  w ater u n t i l  th e  

f i r s t  p la n ts  began to  appear and th e r e a f te r  was m oistened w ith  n u tr ie n t  

so lu tio n * ^

For s tu d ie s  on th e  g ro ss  and h is to lo g ic a l  e f f e c ts  of th e  fungus 

on o ld e r  p la n t s ,  seeds were germ inated in  f l a t s  o f sand in  th e  greenhouse 

and in o cu la te d  by d ipp ing  th e  ro o ts  of s e le c te d , uniform  p la n ts  in to  a  

beaker o f th e  inoculum j u s t  b e fo re  tra n s p la n tin g  in to  b inch  p o ts  o f s t e r i ­

l i s e d  sand* The p la n ts  were fe d  w ith  100 c*c* o f n u tr ie n t  s o lu tio n  p e r  p o t 

each day* A number o f experim ents were run  so as  to  have a  complete p ic ­

tu r e  o f th e  symptom sequence and a  wide range of m a te r ia l f o r  h is to lo g ic a l  

study*

"̂A 3 s a l t  n u t r ie n t  so lu tio n  was usedx Ca(lK)3 ) 2*^H20,  *005 mols p e r  
l i t e r ;  KHgPOh, *0025 mols p e r  l i t e r ;  MgSOlu7H^O, *0025 mols p e r  l i t e r *  This 
s o lu tio n  was supplemented by th e  a d d itio n  of approxim ately: 0*11 p*p.m* Mn*,
0*02 p*p«m* Zn*, 0*02 p*p*m* Cu*, 0 .12  p*p*m. B* Iro n  was su p p lied  as f e r ­
r i c  t a r t r a t e  a t  th e  r a te  of 1 c .c .  o f a  0*5$ so lu tio n  p e r  l i t e r  of n u tr ie n t  
so lu tio n *



5

Seeds o f su sc e p tib le  can ta loups and o f cucumbers f o r  th e  ex p eri­

ment w ith  g ra f te d  p la n ts  were p la n te d  d i r e c t ly  in  2 g a llo n  crocks of sand. 

The p la n ts  were fe d  w ith  n u tr ie n t  so lu tio n  by a  d r ip  system which d e l iv e r ­

ed approxim ately  1 l i t e r  o f s o lu tio n  p e r  day p e r  crock (9)* When th e  

p la n t s  were Ho days o ld  they  were approach g ra f te d . The g r a f t  un ion  was 

made in  th e  second to  fo u r th  in tem o d e  and th e  union wrapped w ith  p a ra -  

f i lm  (P la te  I ) ,  When union  was e s ta b lish e d , approxim ately  15 days, th e  

u n d es ired  ro o t system and th e  o p p o site  shoot system were severed , E igh t­

een cantaloup p la n ts  on cucumber ro o ts ,  and e ig h teen  cucumber p la n ts  on 

can taloup  r o o ts ,  an equal number o f cantaloup p la n ts  on cantaloup ro o ts  

and cucumber p la n ts  on cucumber ro o ts  were p rep ared  in  t h i s  manner. Such 

p la n t s  grew norm ally and se t and m atured f r u i t s  i f  they  were not k i l l e d  

by th e  d is e a se , F ive  days a f t e r  severing  th e  u n d es ired  ro o t and shoot 

system s th e  sand was brushed  a s id e  to  expose a  p o r tio n  o f th e  ro o t system , 

and th e  p la n ts  were in o c u la te d  by pouring  10 c ,c ,  o f the  inoculum d i r e c t ly  

onto  th e  exposed r o o ts .  U ngrafted  can taloup  and cucumber p la n ts  growing 

under th e  same co n d itio n s  were s im ila r ly  in o cu la ted  a t  th e  same time*

R e iso la tio n  o f th e  Fungus

The lo c a t io n  o f th e  fungus in  in o c u la te d  p la n ts  was determ ined by 

p la t in g  ou t p o r tio n s  o f  t i s s u e  on a c id i f ie d  Wellman*s a g a r ,^  T issues 

s e le c te d  f o r  c u ltu r in g  were washed in  running  w ater and su rfa ce  s te r i l i z e d

b e l lm a n 's  agar: p ro te o se  peptone 5*0 £•> dihydrogen potassium
phosphate  0 ,5  g«, magnesium s u lf a te  0 ,5  g*> m altose 15*0 g , , f e r ro u s  su l­
f a t e  0 ,03  aga* 12*0 g , ,  w ater 1 ,000,00 c ,c .  I t  was a c id i f ie d  by adding
3 drops of 20$ l a c t i c  a c id  p e r  15 c ,c ,  of medium a f t e r  au to c lav in g .
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by immersion f o r  20 m inutes in  1 p e rce n t calcium  h y p o ch lo rite  so lu tion*  

H is to lo g ic a l  M a te ria ls

T issu es ad jacen t to  a re a s  which y ie ld e d  th e  w il t  Fusarium were 

s e le c te d  and f ix e d  e i th e r  in  fo rm o l-a c e tic -a lc o h o l, Navas ch in  *s so lu tio n  

o r  H e lley f s s o lu tio n . They were dehydrated  by th e  sh o rt b u ty l a lc o h o l 

s e r i e s  and embedded in  T issuem at. S ec tio n s  were cu t 15 o r  IS m icrons 

th ic k  on a  ro ta ry  microtome and s ta in e d  w ith  sa fra n in e  and f a s t  green*

The counts of ty lo s e s  in  th e  v e s se ls  and some o f th e  e f f e c ts  on th e  cyto­

plasm  and th e  development o f n e c ro tic  a re a s  in  th e  p i t h  and co rtex  were 

observed in  f r e s h  t i s s u e s .  These were sec tio n e d  on th e  s l id in g  microtome 

a t  approxim ately  150 to  200 m icrons and examined w ithout s ta in in g .

hesults

E x te rn a l Symptoms

S eed lings

The germ ination  of seeds of can ta loups and cucumbers was l i t t l e  

a f f e c te d  when th e  seeds were in o cu la ted  a t  th e  tim e they  were p la n te d  in  

sand , bu t th e  seed lin g s  were a tta ck ed  very  soon a f t e r  germ ination* Many 

o f th e  seed lin g s  o f bo th  th e  su sc e p tib le  and r e s i s ta n t  can taloups were 

a tta c k e d  sev e re ly  and d ied  w ith in  a  few days. The Fusarium caused ro o t-  

r o t  and dampin^-off* A few p e r s is te d  as  long  as two weeks bu t were sub­

normal in  s iz e  and appearance (TABLE l ) # The ro o t systems were n e c ro tic  

w ith  some o f th e  l a t e r a l  ro o ts  com pletely r o t te d  away* There were brown 

le s io n s  near th e  peg in  some ca se s . The hypocotyl was sometimes cracked, 

and th e  coty ledons were yellow ed w ith  narrow n e c ro tic  s t r ip s  a t  th e  mar-
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TABLE 1 .  E ffe c t of in o c u la tio n  w ith  Eusarium huTbigenum var* 
niveum f  . 2 on emergence and stand  o f se e d lin g s .

P e rc e n t
emergence

P ercen t o f p la n ts  su r­
v iv in g  two weeks a f t e r  

__ _f i r s t  seed lin g  emerged _
Check . In o cu la ted Check In o cu la ted

S u sc ep tib le
Cantaloup 73.7 70.# 100.0 12.9

R e s is ta n t
Cantaloup to .o 3 ^ 7 96.7 30.8

Cucumber 60.0 6S.0 100.0 91.2
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gins* The In o cu la ted  cucumber se ed lin g s , however, were in d is t in g u is h ­

a b le  from t h e i r  u n in o cu la ted  checks except th a t  a  few of them had narrow 

n e c ro t ic  s t r i p s  a t  th e  m argins of th e  co ty led o n s. The w i l t  Fusarium was 

c o n s is te n t ly  i s o la te d  from a l l  p a r t s  of th e  su sc e p tib le  and r e s i s ta n t  

can ta loups bu t i n  on ly  h a l f  th e  cases from th e  low er hypocotyl and once 

from th e  co ty ledons o f cucumbers (TABLE 2)#

O lder p la n ts

When o ld e r  p la n ts  were in o c u la te d  by th e  ro o t d ipp ing  tech n iq u e , 

symptoms developed in  a  d e f in i te  sequence. The tim e between in o c u la tio n  

and appearance of th e  f i r s t  synptoms v a r ie d  from 5 to  13 days in  experi­

ments in  which p la n ts  ranged In  age from IS  to  days.

In  g e n e ra l th e  course o f th e  d ise a se  was s h o r te r  in  th e  g reen ­

house than  in  th e  f i e l d ,  and th e  symptoms occurred  much a s  fo llow s:

F i r s t ,  th e  le a v e s  o f s u sc e p tib le  can ta loups began to  yellow , follow ed in  

from one to  th re e  days by cupping o f th e  upper le a f  ( p la te  I I ,  F ig . 5)*

The leav es  began to  w ith e r and d ie  from th e  base  o f th e  p la n t  upward. 

W ith in  5 to  6 days a f t e r  th e  f i r s t  yellow ing , a l l  o f th e  leav es  except 

th o se  enclosing  th e  te rm in a l bud were u s u a lly  dead. Sometimes n e c ro t ic  

s tre a k s  w ith  gummy exudations appeared , th e  e n t i r e  stem having  a  y e llo w ish  

tra n s lu c e n t appearance* The p la n ts  were u su a lly  dead w ith in  7 to  10 days 

a f t e r  th e  appearance of th e  f i r s t  synptom (p la te  I I I ,  F ig . 9 ) .  Hone of 

th e  s u sc e p tib le  can ta loups su rv ived . S tu n tin g  was c h a r a c te r is t ic  o f inocu­

la te d  p la n t s .

The e a r l i e s t  symptoms in  r e s i s ta n t  can ta loups were u su a lly  two to  

f iv e  days l a t e r  in  ap p earin g . In  g en era l th e  sequence o f synptoms was 

s im ila r ,  bu t extended over a  lo n g er p e r io d  (P la te  I I I ,  F ig s . 10, 1 1 ). The
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TABLE 2* R esu lts  of r e i s o la t io n  of Fusarium bulbigenum var* niveum 
f* 2 from in o c u la te d  seed lin g s  two weeks a f t e r  emergence*

Base o f hypocotyl 
P la n t number 
1 2  1 k b

Ubner hypocotyl 
P la n t  number 
1 2 V  k *5 b

Cotyledons 
P la n t number 
1  _ 2 *5 k *5 b

S u scep tib le
Cantaloup f  f  f f  f  f f  f f  f  f  f 0 f  f  c f  0

R e s is ta n t
Cantaloup f  f  f f  f  f c f f  f  f  f 0 f  f  0 0 f

Cucumber 0 0 f O f f 0 0 0 0 0 0 c 0 0 0 f  0

f  -  Fusarium re is o la te d  
0 -  S te r i l e  
c -  Contaminated
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in o c u la te d  p la n ts  d ied , w ith  an o ccasio n a l n o tab le  ex cep tio n  when de­

velopment of th e  d ise a se  would cease and a  p la n t  would rem ain a l iv e  but 

s tu n te d  f o r  a  long p e r io d  o f time ( p la te  IV, F ig s , 13* 1^> 15)* S tun t­

in g  of growth was a  c h a r a c te r is t i c  response o f r e s i s ta n t  p la n ts*  The 

cupping o f th e  f i r s t  expanding le a f  below th e  growing p o in t  was l e s s  

s t r ik in g  than  in  th e  s u sc e p tib le  v a r ie ty  (P la te  I I ,  J i g .  6 ) .

In  in o cu la ted  cucumber p la n ts  th e  sequence of symptoms char­

a c t e r i s t i c  of can ta loups d id  not develop* In  g en era l th e  p la n ts  were 

n o t s tu n ted  ( p la te  I I I ,  Pig* 12)* However, a  s tr ik in g  and c h a ra c te r is ­

t i c  ve in  c le a r in g  of th e  young le a v e s , never observed in  u n in o cu la ted  

checks, d id  occur in  most o f th e  in o c u la te d  cucumber p la n ts  (P la te  I I ,  

P igs* 7 , S)* In  some cases i t  was accompanied by a  s l ig h t  cupping of 

th e  l e a f .  Vein c le a r in g  appeared about th e  same tim e a f t e r  in o c u la tio n  

as  th e  cupping o f th e  young le a v e s  of in o c u la te d  s u sc e p tib le  can ta lo u p s. 

I t  was a  t r a n s ie n t  co n d itio n  p e r s i s t in g  f o r  only  a  few days* A few o f 

th e  low er le a v e s  of in o cu la te d  p la n ts  u s u a lly  tu rn ed  yellow  and d ie d , bu t 

no co n d itio n s  developed which p reven ted  th e  p la n ts  from growing norm ally 

and s e t t in g  f r u i t s *

In o cu la ted  ro o ts  were f la c c id ,  more o r  l e s s  d isc o lo re d  and ne­

c r o t ic  in  c o n tra s t w ith  th e  w h ite , tu rg id ,  un in o cu la ted  ones. R e s is ta n t 

cantaloup ro o ts  were more sev e re ly  a f fe c te d  than  those  of cucumbers bu t 

no t so sev ere ly  a f fe c te d  as th o se  of su sc e p tib le  can ta loups (TABLE 3)* 

Roots o f in o cu la ted  su sc e p tib le  can taloups were more d isco lo re d  than  

th o se  of r e s i s ta n t  can ta loups and of cucumbers* The form er showed ev i­

dence o f a  g en e ra lized  in fe c t  io n , w hile in  th e  l a t t e r  th e  g r e a te s t  amount 

o f n e c ro s is  had occurred  on th e  lower p a r t  of th e  tap  r o o t .  In  many 

cases  i t  had r o t te d  away leav in g  only a  sharp p o in ted  stub  «}ust below the
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TABLE 3* Appearance of ro o ts  two weeks a f t e r  in o c u la tio n  w ith  
Fusarium  hulbigenum v a r . niveum f . 2„

S uscep tib le R e s is ta n t
Cantaloup Cantaloup Cucumber

E x ten t of P r in c ip a l ly Tap ro o t and
in fe c t io n General th e  tap  ro o t o ld e r  l a t e r a l s

Tap ro o t E e c ro tic P a r t ly  r o t ­ P a r t ly  r o t te d
b u t in ta c t te d  away away

Undergoing R o ttin g R o ttin g
Branch ro o ts so f t  ro t  o r o r o r

s tun ted d isco lo re d d isco lo re d

A dv en titio u s Few; Few to  many; Many; much
ro o ts  s tu n ted  s tu n te d  to  e longated

normal
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p eg  re g io n . Only a  few s tu n te d  a d v e n titio u s  ro o ts  formed on su sc e p tib le  

ca n ta lo u p s . They were more abundant on r e s i s ta n t  c an ta lo u p s , and on cu ­

cumbers were so abundant and long th a t  th e  t o t a l  mass of ro o ts  on th e  

in o c u la te d  p la n ts  was alm ost as  g re a t as  on th e  u n in o cu la ted  checks 

(P la te  7 , P ig s .  16, 17, I S ) .

In  o rd e r to  t r a c e  th e  p ro g re ss  of th e  fungus, a  t o t a l  of 1021 

p la t in g s  were made on n u tr ie n t  agar o f t i s s u e s  from v ario u s  p a r t s  of th e  

p la n ts  grown in  th e  experim ents. The w il t  Pusarium was recovered  from 

some p a r t  o f p r a c t i c a l ly  a l l  o f the  in o c u la te d  p la n t s ,  bu t was not re ­

covered from u n in o cu la ted  checks. I t  has been determ ined th a t  P a sa riu a  

bulbigenum v a r . niveum f .  2 . grows no t only  in  th e  t is s u e s  of su sc e p tib le  

can ta lo u p s , b u t a lso  in  th o se  of r e s i s ta n t  can ta loups, and cucumbers. How­

ev e r, th e  ex ten t of th e  in v asio n  v a r ie s .  Por example, when th e  d isea se  

had p ro g ressed  in  th e  young su sc e p tib le  can ta loups of h to  6 in te m o d es  to  

th e  p o in t where th e  lower leav es  were dead and th e  upper ones were b e g in ­

n in g  to  w i l t ,  th e  Pusarium o rd in a r i ly  could  be is o la te d  from a l l  o f th e  

in te m o d e s  and from th e  p e t io le s  of th e  le a v e s  a s  w ell a s  from th e  ro o ts  

and hypoco ty l, b u t was no t is o la te d  from t i s s u e s  o f th e  t ru e  le a v e s . How­

e v e r, from r e s i s ta n t  can ta loups th e  Pusarium could be is o la te d  only  from 

th e  ro o ts ,  hypocotyl and second in te m o d e . In  f a c t ,  th e  fungus was r a r e ly  

recovered  from t i s s u e s  above th e  second in tem o d e  of r e s i s ta n t  p la n ts  re ­

g a rd le ss  of th e  d u ra tio n  of in fe c t io n  o r  th e  s e v e r ity  of symptoms. In  com­

p a ra b le  cucumbers i t  was no t recovered from t is s u e s  above th e  co ty ledonary  

node, and was o f te n  confined  to  the  ro o ts  and th e  base  o f th e  hypoco ty l.

In  o ld e r  s u sc e p tib le  can taloups th e  h ig h est p o in t a t  which the  

pathogen was ever recovered  was th e  25th  in tem o d e , approxim ately 1U5 cm. 

from th e  crown. The p la n t  from which th i s  is o la t io n  was made was seeded
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May 13th ,  in o c u la te d  J u ly  1 s t  and th e  c u l tu re  made on August 10th* I t  

was s e t t in g  f r u i t s  and showing d i s t in c t  symptoms o f in fe c t io n .  The fu n ­

gus was r a th e r  commonly is o la te d  from th e  1^-th o r 15th  in te m o d e s  of 

s im i la r  p la n ts*

G ra fted  P la n ts

This experiment was undertaken  to  determ ine w hether cantaloup 

and cucumber p la n ts  growing on ro o ts  of th e  o p p o site  sp ec ies  would re ­

spond to  in o c u la tio n  w ith  Pusarium hulbigenum v a r . niveum f * 2 d i f f e r e n t ­

l y  from th e  p la n ts  on th e i r  own ro o t system s, and w hether the  shoots of 

one sp ec ie s  would a f f e c t  th e  s u s c e p t ib i l i ty  of ro o ts  of th e  o th e r  spe­

c ie s .  f o r  t h i s  purpose fo u r  types of g ra f te d  p la n ts  were p repared : Can­

ta lo u p -o n - can ta lo u p , cucumber-on-cucumber, cantaloup-on-cucum ber, and cu­

cum ber-on-cantaloup. The can ta loup-on-can ta loup  g r a f ts  behaved id e n t ic a l ­

l y  w ith  u n g ra fted  can ta lo u p s . None of th e  cucumber-on-cucumber p la n ts  

developed symptoms o f the  d is e a se . In  th e  cucum ber-on-cantaloup g r a f t s ,  

th e  cantaloup ro o t stocks ap p aren tly  became in fe c te d  about as  re a d ily  as 

u n g ra fte d  cantaloup p la n ts ,  w hile the  sc ions d id  not develop synptoms of 

th e  d ise a se . Syuptoms ty p ic a l  o f fusarium  w il t  d id  not develop on the  

cantaloup-on-cucum ber p la n t s .  The response o f each type of g ra f te d  p la n t  

w i l l  be d esc rib ed  s e p a ra te ly .

C5AHTALOGP-OH-CA2JTALOI3P: The f i r s t  symptoms appeared 10 to
16 days a f t e r  in o c u la tio n  and none of them escaped in fe c t io n .  
E longated n e c ro tic  le s io n s  appeared on the  stems both  above and 
below th e  g r a f t  u n io n s. Drops of dark amber to  re d d ish  gum 
were exuded from th e  n e c ro tic  le s io n s  and from l a t e r a l  cracks on 
th e  stem s. In fe c t io n  u su a lly  occurred  a t  th e  s id e  of th e  roo t 
system where th e  in o c u la tio n  was made. One o r  more of the  la rg e r  
l a t e r a l  ro o ts  on t h i s  s id e  was dark  brown in  co lo r and more or 
l e s s  n e c ro t ic  (P la te  VT, f i g .  19)* 3Jh© ro o t was n e c ro tic  a t  
and above th e  base  of th e se  l a t e r a l s .  Except f o r  an occasional  
sp o t, th e  r e s t  of the  ro o t system was w hite and h e a lth y  in  appear­
ance.
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CUCUMBER-QN-CUCUMBER: A ll grew norm ally  and s e t  f r u i t .
The ro o ts  ho re  no n e c ro t ic  le s io n s .

C3UCUMESR-OS-CMTALOT3P; W ithin 10 to  15 days a f t e r  inocu­
l a t io n  th e  ro o t s to ck s  developed c h a r a c te r is t i c  symptoms such 
as  yellow ing of th e  le a v e s  and n e c ro t ic  s tre a k s  w ith  gummy ex­
u d a tio n s . The leav es  a t  th e  t ip s  of runners  of th e  s tock  were 
u p -tu rn ed  a t  th e  margins* E longated n e c ro tic  le s io n s  r a r e ly  
extended beyond th e  g r a f t  union in to  th e  f i r s t  in te m o d e  of th e  
cucumber sc io n . The leav es  of th e  sc ions w ithered  and d ied  from 
th e  apex toward th e  b ase  as in fe c t io n  of th e  ro o t s tock  p ro g re ss ­
ed. The stems rem ained green f o r  some tim e a f t e r  th e  death  of 
th e  le a v e s , th e  l a s t  p a r t s  of th e  stem to  w ith e r  b e ing  th o se  in ­
te rnodes a d jacen t to  th e  nodes b ea rin g  f r u i t .  Some o f th e  f r u i t s  
became w atersoaked n ea r th e  stem and exuded drops o f red d ish  gummy 
m a te r ia l .

GAN TALOUP-ON- CU CUMBER: The cucumber t i s s u e  a d jacen t to  and 
j u s t  below th e  g r a f t  union g e n e ra lly  was w atersoaked in  appear­
ance and o liv e  g reen  in  color* In  a  few cases narrow w atersoaked 
s t r i p s  extended in to  th e  lower in te m o d e s  of th e  cantaloup 
sc io n . The ro o t systems were g e n e ra lly  w h ite , tu rg id  and f r e e  of 
l e s io n s ,  b u t in  3 cases th e re  was s l ig h t  n e c ro s is  o f th e  base of 
th e  hypoco ty l.

May ( 8) o b ta in ed  s im ila r  r e s u l t s  when he in o cu la ted  re c ip ro c a l 

g r a f t s  between r e s i s ta n t  and su sc e p tib le  tom atoes w ith  th e  tomato w il t  

Fusarium .

The ex ten t of in v asio n  in  th e  cantaloup and cucumber p o r tio n s  of 

th e  in o c u la te d  g ra f te d  p la n ts  was determ ined by p la t in g  ou t se c tio n s  of 

t i s s u e  fo r  recovery  of th e  w il t  Fusarium (TABLE h ) # A djacent se c tio n s  

were examined h is to lo g ic a l ly  and a re  d escrib ed  l a t e r .

Development o f th e  Pathogen

Young Roots

When seed lin g  ro o ts  of su sc e p tib le  cantaloup ,of r e s i s ta n t  canta^ 

loup and o f cucumber in o c u la te d  w ith  a  spore suspension were examined 

m ic ro sc o p ic a lly , no d iffe re n c e s  were observed in  th e  method of p e n e tra tio n  

o r  in  th e  number o f hyphae which p e n e tra te d  th e  ro o ts .  Twelve hours a f t e r
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TABLE H* Recovery o f Fusarium bulbigenum v a r . niveum f . 2 
from in o c u la te d  g ra f te d  p la n t s .

C rafted
p la n ts

Kind of 
t i s s u e

Humber
p la t in g s

T ypical
c u ltu re s  P ercen t

Cantaloup-on-
can taloup Cantaloup 125 77 61*6

Cucumber-on-
cucumber Cucumber 55 2* 3.b

Cucumber-on- Cantaloup 31 17 5^#«
cantaloup Cucumber 12 16*6

Both 103 29 2S. 1

Cantaloup-on- Cantaloup **5 b 13*3
cucumber Cucumber _51 2 3*5 ,

Both 102 s 7.*

* One of th e se  was from th e  tsg? ro o t of one p la n t and th e  
o th e r  was from th e  "base o f the  hypocotyl o f another*
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in o c u la t io n , germ inating  spores could be seen on and n ea r th e  ro o ts  and a  

number o f hyphae were growing over th e  surface#  Tw enty-four hours a f t e r  

in o c u la tio n  abundant hyphae could be observed# Most o f them rem ained ex­

p re s s e d  to  th e  su rfa ce  o f th e  ro o t and fo llow ed  th e  uneven contour c lo se ­

l y  (P la te  711, Pig# 20, B)# In  one case a  hypha was so t ig h t ly  wrapped 

around a  ro o t h a i r  th a t  i t  d i s to r te d  th e  shape o f the  c e l l  (P la te  711, 

P ig .  20, A)# The g r e a te s t  co n cen tra tio n s  o f  hyphae were a t  th e  reg io n  

o f  c o lla p s in g  ro o t h a i r s  and a t  th e  ro o t cap# The number o f hyphae on 

th e  ro o ts  con tinued  to in c re a se  u n t i l  they  were so abundant between 72 

and 96 hours a f t e r  in o c u la tio n  th a t  i t  was d i f f i c u l t  to  fo llo w  th e  course 

o f th e  in d iv id u a l f ila m e n ts  and alm ost im possib le  to  observe p e n e tra t io n . 

At t h i s  tim e conid iophores b ea rin g  m icrocon id ia  were sometimes seen# The 

e a r l i e s t  p e n e tra tio n s  were observed 12 hours a f t e r  in o c u la tio n . The 

g r e a te s t  frequency of p e n e tra t io n  occurred in  th e  reg io n  o f c o lla p s in g  

ro o t h a i r  c e l l s ,  but some p e n e tra tio n s  were found between th i s  reg io n  and 

th e  ro o t tip #  The hyphal t i p s  p e n e tra te d  between the  epiderm al c e l l s  of 

th e  h o s t ,  o f te n  a t  th e  ju n c tio n  o f 3 c e l l s ,  bu t sometimes between two 

c e l l s  (P la te  T i l l ,  F ig . 21 ).

The fungus seemed to  encounter l i t t l e  r e s is ta n c e  from th e  h o st 

c e l l s ,  as th e  hypha was r a r e ly  ben t o r  sw ollen a t  th e  p o in t  of entry# Oc­

c a s io n a lly ,  however, th e re  was a  sw elling  in  the  hypha a t  th e  su rface  of 

th e  ro o t w ith  th e  p o r tio n  o f th e  hypha which passed  between the  c e l l s  be­

in g  somewhat sm aller in  diam eter# The w a lls  of th e  h o s t c e l l s  were some­

tim es pushed s l ig h t ly  a s id e  by the  p e n e tra tin g  hypha# In  some cases the  

hypha p e n e tra te d  between c e l l s  which appeared p e r fe c t ly  norm al. U sually , 

however, one o r  more of th e  c e l l s  ad jacen t to  th e  p e n e tra tin g  hypha was
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e i th e r  dead, cytoplasm  co ag u la ted , o r  in  a  low s ta te  o f v i t a l i t y ,  a s  i n ­

d ic a te d  by g ra n u la tio n  and v acu o la tio n  o f th e  cytoplasm  e i th e r  w ithout 

c y c lo s is  o r  w ith  c y c lo s is  a t  a  reduced o r  uneven ra te*  When a  few of the 

ro o ts  were t r e a te d  w ith  a  0*0025 p e rce n t s o lu tio n  o f n e u tra l  re d , th e  s ta in  

f a i l e d  to  accum ulate in  th e  vacuoles o f th e  c e l l s  ad jacen t to  th e  hyphae*

In  two cases i t  accum ulated in  th e  c e l l  w a lls  a t  th e  p o in t  o f i n te r c e l lu l a r  

p e n e tra tio n *

By a d ju s tin g  th e  focus of th e  m icroscope th e  course o f th e  pene­

t r a t i n g  hyphae could be fo llow ed  in to  th e  tissu e*  In  some cases th e  hyphae 

rem ained in t e r c e l lu l a r ,  bu t in  o th e rs  they could be seen to  become in tra ^  

c e l l u l a r  by d i r e c t  p e n e tra t io n  of th e  w a lls  o f  c o r t ic a l  c e lls*  In  th ese  

c a se s  th e  hyphae were sw ollen on e i th e r  s id e  o f th e  w all and th e  p o r tio n  

which p assed  through th e  w a ll was sm aller in  diam eter than  th e  normal hyphae 

(P la te  V III , F ig . 21 and P la te  IX, F ig . 23)* p e n e tra tin g  hypha was o f­

te n  b en t o r tw is te d , and th e  w all of th e  h o s t c e l l  was sometimes lo c a l ly  d is ­

p la c e d  a s  i f  th e  fungus were e x e r tin g  p re s s u re  to  accom plish p en e tra tio n *

In  no case was d i r e c t  p e n e tra tio n  of the  w all of l iv in g  epiderm al 

o r  ro o t h a i r  c e l l s  observed . However, se v e ra l cases o f d i r e c t  p e n e tra tio n  

o f  th e  w a lls  of dead ro o t h a i r  c e l l s  were seen, and one case each o f d ir e c t  

p e n e tr a t io n  o f th e  c e l l  w all o f a  dead epiderm al c e l l  and of a  dead de­

tach ed  ro o t cap c e l l  was observed (P la te  V II, F ig . 20 and P la te  V III , F ig .

21, A)*

The fungus hyphae grew in  g re a t abundance over th e  ro o t cap and 

ra m ifie d  throughout th e  spaces between th e  lo o se  ro o t cap c e lls*  The cyto­

p lasm  o f th e  m eris tem atic  ro o t t ip  c e l l s  i s  so dense th a t  i t  was in p o ss ib le  

to  see hyphae between them in  whole ro o ts ,  and i t  was thought th a t  m eri­

s tem a tic  p e n e tra tio n  d id  no t occur u n t i l  i t  was observed in  th e  in o cu la ted
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ro o ts  a f t e r  f ix in g ,  s e c tio n in g  and s ta in in g .  In  th ese  s ta in e d  mounts 

s e v e ra l cases o f i n t e r c e l lu l a r  p e n e tra tio n  in  the  ro o t t i p  of su sc e p tib le  

can ta lo u p s  were observed (p la te  IX, F ig . 2 2 ), and one case was seen in  a  

cucumber roo t*  I n te r c e l lu l a r  p e n e tra t io n  o f th e  ro o t t i p  m eristem  of the 

r e s i s t a n t  can ta lo u p s has no t been seen .

A fte r  th e  fungus had p e n e tra te d  between epiderm al c e l l s ,  i t  

branched re p ea ted ly  and ram ifie d  throughout th e  c o r t ic a l  t i s s u e  o f th e  

young ro o ts  of su sc e p tib le  can ta loups (P la te  IX, F ig . 2U and P la te  X, Fig* 

25)* She fungus then proceeded bo th  i n t e r c e l lu l a r ly  and in t r a c e l lu la r ly ,  

ten d in g  to  become more I n t r a c e l lu la r  a s  i t  approached th e  s te l e .  The en- 

dodermis ap p aren tly  does not c o n s ti tu te  a  b a r r ie r  to  th e  r a d ia l  p ro g re ss  

o f  th e  hyphae a s  many of them made th e i r  way in to  th e  s t e l a r  t i s s u e s .  The 

protoxylem  v e s se ls  were p e n e tra te d  d i r e c t ly ,  th e  hyphae p a ss in g  through 

th e  th in  v e s se l w all between th e  s p i r a l  o r  annu lar th ick en in g s  (P la te  

XI, F ig . 2 7 ). W ithin th e  v e s se ls  th e  fungus grew both  up and down, some­

tim es fo llo w in g  th e  con tou rs  of th e  w a lls , sometimes c ro ss in g  th e  lumen 

and f re q u e n tly  producing l a t e r a l  branches (P la te  X II, F ig . 3°) ♦ A hyphal 

t i p  o f te n  p assed  between th e  th ick en in g s  out of th e  v e s se l ( p la te  XI, F ig .

2S) in to  the ad jacen t parenchymatous c e l l s  of th e  s t e l e ,  en te red  ano ther 

v e s s e l  by way of a  p i t  o r re invaded  th e  c o r te x , phloem c e l l s  were a lso  

invaded a lthough  to  a  l e s s e r  ex ten t than  xylem and c o r t ic a l  c e l l s .  S trands 

o f  th e  fungus were sometimes seen in  th e  newly d i f f e r e n t ia te d  v a sc u la r  e le ­

m ents, suggesting  th a t  in fe c t io n  may have occurred  from hyphae which pene­

t r a te d  th e  ro o t t i p  r a th e r  than from th o se  en te r in g  f a r th e r  back along the 

r o o t .  Anastomosis of hyphae w ith in  v e s se ls  o r  in  the c e l l s  of c o r t ic a l  

t i s s u e  was sometimes observed (p la te  V II, F ig , 20, D).

The fungus ram ified  much le s s  ex te n s iv e ly  in  th e  r e s i s ta n t  cant a -
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loup and cucumber ro o ts  th an  in  the  su sc e p tib le  can ta loups (P la te  X, Pig*

26 ). The g r e a te r  p a r t  of th e  hyphae which p e n e tra te d  in  th e  reg io n  of 

th e  ro o t h a i r s  remained confined  to  th e  o u te r  la y e rs  of th e  c o r t ic a l  

c e l l s ,  and those  hyphae which d id  p e n e tra te  th e  co rtex  r a d ia l ly  tended to  

be  i n t e r c e l lu l a r  r a th e r  th an  in t r a c e l lu la r *  Invasion  o f s t e l a r  t i s s u e s  

hy hyphae from th e  co rtex  was no t observed* However, many of the  p ro to -  

xylem and metaxylem elem ents in  the  in o c u la te d  ro o ts  con ta ined  th e  fun­

gus (P la te  X II, Pig* 29)* By comparison w ith  the  s i tu a t io n  in  v e s se ls  

o f  the  su sc e p tib le  can ta lo u p s, the  hyphae in  th ese  v e s se ls  were l e s s  abun­

d a n t, they  branched le s s  f re q u e n tly , more r a re ly  passed from v e s se l to  

v e s s e l ,  seldom a tta c k e d  o th e r  s t e l a r  t i s s u e s  and were never observed to  

re in v ad e  th e  c o r te x . These v e sse ls  may have been invaded during  d if fe re n ­

t i a t i o n  by hyphae which p e n e tra te d  between c e l l s  of the  ro o t t i p .

Young Hypocotyls

In  su sc e p tib le  can taloup  seed lin g s  th e  q u a n tity  of fungus p re se n t 

in  v e s se ls  of th e  hypocotyl was o fte n  g re a te r  than  in  v e s se ls  of th e  ro o t.  

As in  th e  see d lin g  ro o ts  a l l  types of xylem elem ents were invaded. The 

fungus could be seen p a ss in g  from one v e sse l to  ano ther and ram ifying 

throughout th e  ad jacen t c e lls*  Upward growth of the  fungus occurred  w ith­

in  th e  v e s se ls  r a th e r  than  in  the  c o r t ic a l  t i s s u e ,  bu t a t  in te rv a ls  some 

o f the  hyphae grew out o f th e  bundle in to  a reas  of the  c o rte x . Young 

phloem c e l l s  were a lso  sometimes invaded* I n te r c e l lu la r  and in t r a c e l lu la r  

hyphae ram ified  throughout small is o la te d  a re a s  in  the o u te r  la y e rs  of the 

c o rte x  so as to  suggest th a t  in fe c tio n  had occurred  by d i r e c t  p e n e tra tio n  

o f th e  ep iderm is r a th e r  than  from in fe c te d  bund les, bu t no a c tu a l pene­

t r a t io n s  of th e  hypocotyl from the e x te r io r  were observed.
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Hyphae were r a r e  in  th e  epiderm al and o u te r  c o r t ic a l  c e l l s  of 

hypoco ty ls  of s im ila r  see d lin g s  o f r e s i s ta n t  cantaloups# N e ith e r spores 

n o r hyphae could  he found in  th e  v ascu la r t i s s u e s  or in  th e  ad jacen t c e l l s  

o f  th e  c o rtex  o r p ith *  C erta in  o th e r  h is to lo g ic a l  symptoms o f in fe c t io n ,  

however, which w i l l  he d esc rib ed  l a t e r ,  were in  evidence in  th ese  t i s s u e s .

The Fusarium was n o t recovered  from p la t in g s  o f s e c tio n s  o f the  

hypoco ty l o f  comparable cucumber se e d lin g s , and hyphae were no t observed 

on s l id e s  p rep a red  from ad jacen t se c tio n s  o f th e  hypocotyls* C ells  of 

th e s e  t i s s u e s  appeared norm al.

Fungus hyphae could no t be dem onstrated h is to lo g ic a l ly  in  th e  

co ty ledons o f any o f th e  p la n ts  even though i t  was is o la te d  from t is s u e s  

ad ja c e n t to  th e  se c tio n s  fixed* I t  i s  p ro b ab le  th a t  th e  c u ltu re s  may 

have developed from a  few spores o r  hyphae embedded in  th e  co llap sed  a reas  

a t  th e  m argins o f th e  cotyledons* These a re a s  s ta in e d  so deeply th a t  de­

t a i l s  w ith in  them could no t be determ ined a c c u ra te ly .

O lder Hoots

When th e  ro o ts  of s u sc e p tib le  can ta loups (one to  3 months o ld) 

in  which secondary growth had taken  p la c e  were examined, th e  hyphae of 

th e  w il t  Fusarium were found in  all  o f th e  t i s s u e s  bu t were most abundant 

i n  th e  xylem. J ill  types of c e l l s  were invaded* The hyphae grew bo th  

l a t e r a l l y  and tra n sv e rse ly  through th e  v e s s e ls ,  and passed  from v e s se l to  

v e s se l by way of th e  p i t s  and acro ss  th e  lum ina of th e  sm aller elem ents and 

xylem parenchyma c e lls*  In  many bundles h a rd ly  a  c e l l  could be found which 

d id  no t co n ta in  some hyphae* The hyphae o f te n  c o ile d  about in s id e  the  c e l l s ,  

buir sometimes passed  d i r e c t ly  through them. I n te r c e l lu la r  as  w ell as in ­

t r a c e l l u l a r  hyphae were p re s e n t .  In  some bundles p r a c t ic a l ly  a l l  o f the
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l a r g e r  v e s se ls  con ta ined  hyphae, w hile  in  o th e rs  none a t  a l l  o r  only 

th o se  n e a r  th e  ce n te r  of th e  s te l e  were involved# Some o f th e  hyphae r e ­

mained oppressed  to  th e  v e s se l  w a lls ; o th e rs  crossed  hack and f o r th  ac ro ss  

th e  lum ina ( p la te  X III , Pig* 3 2 ). In  some cases th e  v e s se ls  were alm ost 

com pletely  plugged# Both m acroconidia and m icrocon id ia  formed abundantly  

in  th e  v e s se ls  (P la te  XI, P ig . 28 and P la te  XIV, Pig* 33)• In  some sec­

t io n s  i s o la te d  co n id ia  were seen in  a  v e s se l in  which no hyphae could  he 

found# T his might in d ic a te  th a t  they had heen formed on hyphae f a r th e r  

down in  th e  v e s se l and had heen c a r r ie d  upward in  th e  t r a n s p ir a t io n  

stream# Efo>hae ram ified  i n t e r c e l lu l a r ly  and in t r a c e l lu la r ly  in to  the 

parenchyma c e l l s  of th e  p e r ic y c l ic  ray s  sometimes becoming abundant in  

t h i s  t i s s u e .  Less f re q u e n tly  i t  invaded th e  phloem, ten d in g  to  rem ain 

in t e r c e l lu l a r  r a th e r  than  in t r a c e l lu la r *  In  a  few se c tio n s  hyphae could 

he seen in  th e  p e r ic y c l ic  c e l l s  o u ts id e  th e  secondary phloem#

In  comparable ro o ts  of r e s i s ta n t  can ta loups most o f th e  same 

t i s s u e s  were invo lved , th e  p r in c ip a l  d if fe re n c e  being  in  th e  amount of 

fungus p r e s e n t .  Pewer hyphae were found in  th e  la rg e r  v e s se ls  and they  

rem ained more c lo se ly  suppressed to  th e  w a lls  r a re ly  form ing a  mass in  the  

lumen. There was le s s  ra m if ic a tio n  from v e s se l to  v e s s e l ,  thus few er of 

th e  o th e r  xylem c e l l s  were invaded. M icroconidia formed le s s  abundantly  

th a n  in  the  s u sc e p tib le  h o s t ,  and m acroconidia were no t observed. The 

ray  c e l l s  were l e s s  f re q u e n tly  invaded, and no hyphae were seen in  the  

phloem o r in  th e  la y e r s  o f  p e r ic y c l ic  c e l l s  o u ts id e  th e  secondary phloean.

The hyphae were confined  to  th e  la r g e r  v e sse ls  and ad jacen t paren­

chyma c e l l s  o f th e  prim ary  xylem in  comparable ro o ts  of cucumbers, except 

i n  a  few se c tio n s  where they  were a lso  p re se n t in  p e r ic y c l ic  c e l l s  j u s t  

in s id e  the periderm # The l a t t e r  t i s s u e  may have been invaded from th e  ex­
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t e r i o r  "before fo rm ation  o f th e  periderm  was completed o r  from in fe c te d  

c o r t i c a l  c e l l s  f a r th e r  down along th e  roo t*  There was no evidence of 

th e  fungus in  v e s se ls  of th e  secondary aqrlem o r  in  th e  phloem. The ray s  

were no t invaded* The hyphae in  th ese  ro o ts  d if f e re d  from those  in  cantar* 

loup  ro o ts  in  th a t  t h e i r  cytoplasm  appeared le s s  dense, s ta in e d  l e s s  deep­

l y ,  t h e i r  w a lls  appeared  th in n e r  and th ey  con ta ined  few er sep ta tio n s*

O lder Evpocotyls and Stems

The c e l l s  of p r a c t i c a l l y  any t i s s u e  of th e  hypocoty ls and stems 

o f  su sc e p tib le  can ta loups may he invaded by th e  w il t  Fusarium . Thick: hy­

phae extended Toward through th e  v e s se ls  o f th e  bypocotyl (p la te  XV, F ig . 

35) and on in to  th e  stem, in  some cases con tin u in g  even in to  th e  young 

protoxylem  elem ents in  th e  in tem o d e  j u s t  below th e  te rm in a l bud* Some 

o f th e  la r g e r  v e s se ls  were plugged w ith  hyphae, and many of th e  sm alle r 

elem ents were t ig h t ly  packed w ith  p a r a l l e l  f ila m en ts  o r w ith  masses of 

m icro spores* A network o f hyphae ram ified  throughout th e  xylem parenchy­

ma. The mycelium became enormously abundant in  th e  parenchyma c e l l s  sur­

rounding th e  bundles and in  th e  parenchyma of th e  p i t h ,  e s p e c ia lly  the 

la r g e  c e l l s  a t  th e  l im i t s  of th e  p i th  c a v ity  (P la te  X III , F ig . 3^)* I*  

r a r e  cases th e  upward p ro g ress  of th e  fungus appeared to  have been more 

r s p id  i n  th e  p i t h  c e l l s  than  in  th e  v a sc u la r  system, as  p a tch es  o f severe­

ly  in fe c te d  p i t h  c e l l s  could  be seen in  c ro ss  sec tio n s  in  which no hyphae 

were to  be  found in  th e  xylem. An in te r e s t in g  type of i n t e r c e l lu l a r  ram­

i f i c a t i o n  o f hyphae between parenchyma c e l l s  was observed in  l iv in g  sec­

t io n s  o f stem tissu e*  Hyphae u su a lly  p e n e tra te d  th e  c e l l  w a lls  d i r e c t ly  

o r  p assed  between c e l l s  in  th e  r e la t iv e ly  la rg e  in te r c e l lu la r  spaces* 

However, o c ca s io n a lly  m yce lia l branches fo rc e d  th e i r  way between c e l l
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w a lls  which f i t t e d  to g e th e r  t i g h t l y .  These hyphae were much f la t te n e d  

and d is to r te d  w ith  many sh o rt i r r e g u la r  "branches. They may "best be de­

sc r ib e d  as  Hdendro ldN in  appearance* Upon reach in g  an in t e r c e l lu l a r  space 

they  resumed t h e i r  normal shape. The r e l a t iv e  abundance and th e  r a d ia l  

r a m if ic a tio n  o f th e  fungus decreased  p ro g re s s iv e ly  from th e  hypocotyl to ­

ward th e  tapper l im i t s  o f  in v asio n  in  th e  stem s u n t i l  in  the  uppermost in ­

vaded in te rn o d e  only  one o r  two thick:, unbranched, p a r a l l e l  hyphae could 

be seen in  th e  lum ina o f th e  protoxylem  elem ents.

In  th e  hypocoty ls o f r e s i s ta n t  can taloup  p la n ts  hyphae occurred  

s p a rse ly  in  th e  la r g e r  v e s se ls  and in  th e  xylem c e l l s  im m ediately ad jacen t 

to  them ,but were no t observed in  o th e r  t i s s u e s .  A dven titious ro o ts  a r i s ­

in g  from th e  hypocoty ls  were in fe c te d , and th e  d is t r ib u t io n  o f th e  fungus 

was th e  same as  in  th e  prim ary  and secondary ro o ts  p re v io u s ly  d esc rib ed . 

In v asio n  o f th e  v e s se ls  o f th e  hypocotyl from in fe c te d  a d v e n titio u s  ro o ts  

was observed. The hyphae in  th ese  v e sse ls  were in  sh o rt fragm ents r a th e r  

th an  in  long continuous f ila m e n ts . They absorbed th e  s ta in  i r r e g u la r ly  

and t h e i r  c e l l  w alls  were i n d i s t i n c t .  Hyphal fragm ents embedded in  f lo c -  

c u la r  m a te r ia l were a lso  seen in  se c tio n s  o f l iv in g  t i s s u e s .  These obser­

v a tio n s  suggest th a t  th e  fungus was undergoing d is in te g ra t io n  w ith in  the  

v e s se ls  o f th e  r e s i s ta n t  h o s t .  Hyphae were no t seen in  se c tio n s  of th e  

r e s i s t a n t  cantaloup stem above th e  co ty ledonary  node.

In  th e  cucumber p la n ts  th e  fungus could not be dem onstrated h is to ­

lo g ic a l ly  above the  base  of th e  hypocoty ls (P la te  XV, P ig . 36) o r  in  any 

o f  th e  t i s s u e s  o f th e  stem s. A dventitious ro o ts  from th e  hypocoty l, how­

ev e r, were in fe c te d , th e  hyphae fo llow ing  th e  v e sse ls  o f th e  ro o t as i t  

p a ssed  through th e  t i s s u e s  of th e  hypoco ty l. Both hyphae and m icroconid ia  

were found in  v e s se ls  of th ese  ro o ts  very  n ea r to  th e  p o in t  where they  made



c o n ta c t w ith  th e  v e s se ls  of th e  hypocoty l, 

d r a f te d  P la n ts

In  th e  g ra f te d  p la n ts  th e  occurrence of the  fungus was dependent 

upon th e  response o f th e  ro o t s to c k . The sc ion  d id  no t a f f e c t  th e  occur­

ren ce  of th e  hyphae in  th e  stock* The d i s t r ib u t io n  of th e  fungus in  can­

ta lo u p  g ra f te d  on can taloup  was th e  same a s  in  u n g ra fted  p la n ts .  As in  

u n g ra fte d  cucumbers no hyphae were observed in  th e  hypocoty ls and stems 

o f cucumber g ra f te d  on cucumber ro o t stocks* In  cucurnber-on-cantaloup 

g r a f t s  hyphae were abundant i n  xylem and parenchyma o f cantaloup ro o t 

s to ck s  and u s u a lly  more abundant in  th e  can taloup  s id e  o f th e  g r a f t  union 

th an  in  th e  cucumber side* A few o f th e  cucumber v e s se ls  con ta ined  hy­

phae which extended f o r  a  sh o rt d is ta n c e  up in to  th e  scion* The p aren ­

chyma o f th e  cucumbers im m ediately above th e  union was invaded, bu t th e  

fungus was no t seen in  e i th e r  th e  cucumber stocks o r in  th e  cantaloup 

sc io n s  in  g ra f te d  p la n ts  of th a t  type*

Host Responses

S everal d i s t in c t  ty p es  of responses on the  p a r t  of h o s t c e l l s  to  

in v asio n  by ffusarium bulbigenum var* niveum f* 2 have been observed* The 

most s t r ik in g  o f th ese  occur in  th e  xylem*

A c h a r a c te r is t ic  in te rn a l  synptom of in fe c te d  su sc e p tib le  can ta ­

lo u p s  i s  th e  dark brown c o lo r o f th e  v a sc u la r  bundles of th e  ro o ts  and 

stems* The d is c o lo ra tio n  was le s s  in te n se  in  in fe c te d  r e s i s ta n t  cantaloup^ 

and except in  th e  ro o ts  was r a re ly  observed in  in o cu la ted  cucumbers* Vas­

c u la r  d is c o lo ra t io n  r e s u l t s  from an accum ulation in  the  t i s s u e s  of a  gummy
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m a te r ia l  s im ila r  to  th a t  exuded from n e c ro t ic  le s io n s  on th e  stems of inr- 

f e c te d  s u sc e p tib le  can taloup  p la n ts*  T his m a te r ia l  s ta in e d  re d  in  s a f ra ­

nine* Exam ination of s ta in e d  s e c tio n s  o f ro o t and stem t i s s u e  revealecj. 

t h a t  i t  was ap p a ren tly  ex c re ted  by th e  h o s t c e l l s  in  th e  invaded bundles* 

A ppearing f i r s t  as  d ro p le ts  a t  th e  p i t s ,  i t  coalesced  to  l i n e  th e  w a lls  

o f th e  v e s s e ls  (P la te  XIV, P ig . 3^) i *1 extreme cases in c reased  u n t i l

i t  p lugged th e  e n t i r e  vesse l*  Hyphae o f  th e  Fusarium were sometimes 

co a ted  w ith  i t .  Although th e se  gum -like o cc lu s io n s  o f te n  formed in  ves­

s e l s  co n ta in in g  hyphae, they  were observed somewhat more f re q u e n tly  in  

a d ja c e n t v e s s e ls  in  which th e  fungus d id  no t occur. This type of occlu­

s io n  occurred  in  th e  v e s s e ls  o f r e s i s ta n t  can taloups w ith  approxim ately 

th e  same frequency  a s  in  su sc e p tib le  can ta lo u p s , bu t l e s s  f re q u e n tly  in  

th e  v e s se ls  of in o cu la ted  cucumbers ( p la te  XV, F ig . 3&)* a l l  th re e  

h o s ts  i t  u s u a lly  extended beyond th e  upper l im i ts  of in v asio n . V essels 

co n ta in in g  th e se  gum -like d e p o s its  were very  r a r e ly  observed in  uninocu­

l a t e d  p la n ts*

Two o th e r  ty p es  o f abnormal m a te r ia l  occurred  in  th e  v e s se ls  of 

in o c u la te d  p la n ts*  One o f th e se  was a  f lo c c u la r  substance which was 

w h itish  in  u n s ta in ed  t i s s u e s  and appeared b lu e -g reen  a f t e r  s ta in in g  w ith  

sa f  ran in e  and f a s t  green* I t  sometimes surrounded m yce lia l fragm ents In  

th e  v e s se ls  o f r e s i s ta n t  cantaloups* The o th e r  was a  h ig h ly  r e f r a c t iv e  

g ra n u la r  m a te r ia l which took on a  red  to  p u rp le  co lo r when s ta in e d  in  the  

same dyes. E ith e r  o f th e se  m a te r ia ls  sometimes p a r t ly  o r  com pletely f i l l ­

ed th e  lumen o f a  v e s se l b u t they  d id  no t occur to g e th e r  in  th e  same ves­

s e l .  They were absen t in  many in fe c te d  bundles and u s u a lly  involved only 

a  few of th e  v e s se ls  of a  bundle in  which they  d id  occur. Both occurred  

frequen tly" in  v e s se ls  o f In o cu la ted  su sc e p tib le  and r e s i s ta n t  can taloups
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“but r a r e ly  in  cucumbers. The f lo c c u la r  m a te r ia l  i s  more c h a r a c te r is t i c  

o f  th e  r e s i s t a n t  than  o f th e  s u sc e p tib le  cantaloups*

T y lo ses, in tru s io n s  o f b la d d e r - l ik e  p ro je c tio n s  o f ad jacen t paren­

chymatous c e l l s  through th e  p i t s  of w a lls  o f v e s s e ls ,  a re  c h a r a c te r is t ic  

o f  C ucurbitaceous p la n ts  (25)* T he ir s ig n if ic a n c e  i s  no t known, bu t they  

o ccu rred  more f re q u e n tly  in  in o c u la te d  r e s i s t a n t  and s u sc e p tib le  cantar- 

lo u p s  and cucumbers than in  u n in o cu la ted  checks, (TABLE 5)* Tyloses 

sometimes developed in  v e s se ls  co n ta in in g  hyphae bu t more f re q u e n tly  in  

uninvaded v e s s e ls  o f th e  same bundle . They o fte n  occurred  in  such abun­

dance a s  to  f i l l  com pletely th e  lumen o f th e  v e s se l .  In  in o cu la ted  can- 

talo \q?s and more r a re ly  in  in o cu la ted  cucumbers m inute d ro p le ts  of th e  

gum -like m a te r ia l  p re v io u s ly  mentioned accum ulated on th e  su rface  o f the 

ty lo s e s  g iv in g  them a  s t r ik in g ly  beaded appearance (P la te  XVI, P ig . 37)* 

The ty lo s e s  u s u a lly  con ta ined  a  nucleus a s  w ell as  cytoplasm  and were o r­

d in a r i ly  th in  w alled  (P la te  XVI, P ig . 3 8 ). O ccasionally , however, the  

w a lls  developed secondary th ick en in g s . These were l a id  down in  a  s e a la r i -  

form p a t te r n  and they  s ta in e d  red  in  sa f ran in e  (p la te  XVI, P ig , 39)*

The cytoplasm  and c e l l  w alls  of parenchyma c e l l s  in  se c tio n s  of 

l iv in g  in fe c te d  t i s s u e ,  even in  a reas  no t a c tu a l ly  invaded by th e  fungus, 

were l i g h t  brown to  y e llo w ish  in  co lo r in  c o n tra s t  to  th e  alm ost co lo r­

l e s s  cytoplasm  and c e l l  w a lls  of h ea lth y  p la n t s .  D isc o lo ra tio n  was le s s  

in te n s e  in  stems of r e s i s ta n t  than  in  su sc e p tib le  can taloups and alm ost 

ab sen t in  cucumber stem s, b u t th e re  was l i t t l e  d iffe re n c e  in  the  ro o ts  of

th e  th re e  h o s ts .

C h lo ro p lasts  in  th e  stems of th e  p la n ts  s tu d ied  occurred  in  a  

few la y e rs  of c e l l s  ju s t  beneath  the  epiderm is and a lso  in  c e r ta in  o f th e  

parenchyma c e l l s  surrounding th e  bund les. In  h ea lth y  p la n ts  they were a



TABLE 5* Comparison o f th e  frequency o f occurrence of ty lo se s  
in  v e s se ls  of in o c u la te d  and u n in o cu la ted  p la n ts .

Boot Eypocotyl 2nd* In tem o d e
Number Average number Number Average number Number Average number
c ro ss  v e s se ls  co n ta in - c ro ss  v e s se ls  co n ta in -  c ro ss  v e s se ls  co n ta in -
se c tio n s  in g  ty lo s e s  p e r  s e c tio n s  in g  ty lo se s  p e r  s e c tio n s  ln g  ty lo s e s  p e r
examined c ro ss  se c tio n  examined c ro ss  se c tio n  examined c ro ss  s e c tio n

SUSCEPTIBLE
CANTALOUP

U ninoculated  50 0*56 50 0 50 0
In o cu la ted  90 1 .9 1* 90 1*05 90 O.33

RESISTANT
CANTALOUP

U ninoculated 50 0#iK) 50 0*16 50 0*1^
In o cu la ted  90 1 .^5  100 1*^2 100 O.58

CUCUMBER
U ninoculated  50 0*96 50 0 .86  50 0 .50
In o cu la ted  70 0 .87  80 1*13 80 1 .^3
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■ b rill ia n t g reen , w hile in  in o c u la ted  ones they  v a r ie d  from l ig h t  g reen  

to  yellow . S tarch  g ra in s  were r a th e r  evenly d is t r ib u te d  throughout the  

parenchyma of h e a lth y  p la n t s .  In  in o c u la te d  p la n ts  th e  s ta rc h  g ra in s  

were sm a lle r , l e s s  abundant, and more o r l e s s  confined to  a rea s  ad ja ce n t 

to  th e  b u n d les . The e f fe c t  on bo th  th e  c h lo ro p la s ts  and s to re d  s ta rc h  was 

g r e a te s t  in  in o c u la te d  su sc e p tib le  can ta lo u p s , le s s  marked in  th e  r e s i s ­

ta n t  ones and alm ost im p ercep tib le  in  in o c u la ted  cucumbers.

The cytoplasm  of c e l l s  in  invaded a reas  of th e  ro o ts  appeared 

denser and more g ra n u la r  th an  in  u n in fe c ted  a rea s  o r h ea lth y  roo ts*  In  

f ix e d  t i s s u e s ,  e s p e c ia lly  those  of r e s i s ta n t  cantaloups and cucumbers, two 

ty p e s  of abnormal responses to  s ta in in g  were observed. One o f th e se  was a  

f a i l u r e  o f d i f f e r e n t i a l  s ta in in g , th e  fungus hyphae, th e  c e l l  w a lls  o f th e  

h o s t  and th e  cytoplasm  and n u c le i a l l  s ta in in g  red d ish -p u rp le  in  sa fra n in e  

and f a s t  g reen . This was e sp e c ia lly  common in  a reas  where breakdown of 

h o s t  c e l l s  had taken p la c e .  The o th e r was th e  ab so rp tio n  o f sa fra n in e  by 

w a lls  of some of th e  parenchyma c e l l s  n ea r th e  l im i ts  of in v a s io n . In  some 

cases  i t  appeared th a t  a  d if fu s e  m a te r ia l in  o r on th e  c e l l  w a lls  had ab­

sorbed  th e  red  s ta in .  Both of th e se  responses occurred  le s s  commonly in  

in fe c te d  su sc e p tib le  can ta lo u p s .

I t  was observed o ccas io n a lly  th a t  th e  cytoplasm of uninvaded paren­

chyma c e l l s  accum ulated on th e  c e l l  w a lls  ad jacen t to  th e  c e l l s  co n ta in in g  

hyphae.

Two types o f p a th o lo g ic a l responses of parenchyma c e l l s  a t  some 

d is ta n c e  from invaded a re a s  have been n o ted . The f i r s t  and most freq u en t 

o f th e se  was th e  fo rm ation  of numerous sm all vacuoles in  th e  cytoplasm  

( p la te  XVII, P ig . Uo). This type of c e l l  occurred most f re q u e n tly  in  

ro o ts  and stem s of su sc e p tib le  can ta lo u p s, l e s s  f re q u e n tly  in  r e s i s ta n t
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can ta lo u p s  and only  r a r e ly  in  th e  ro o ts  of cucumbers* In  th e  second type, 

which was seen p r in c ip a l ly  in  se c tio n s  of l iv in g  t i s s u e s  o f in o cu la te d  r e ­

s i s t a n t  can ta lo u p s, r a r e ly  in  su sc e p tib le  can taloups and which was no t ob­

served  in  cucumbers, sp h e ric a l g lo b u les  o f a  h ig h ly  r e f r a c t iv e  m a te r ia l  

appeared  in  th e  cytoplasm* They v a r ie d  from about th e  s iz e  o f n u c le i in  

c e l l s  co n ta in in g  only a  few to  m inute d ro p le ts  in  c e l l s  co n ta in in g  many. 

S ta rch  g ra in s  and o th e r  c e l l  in c lu s io n s  tended to  g a th e r a t  th e  su rface  

o f  th e  la rg e r  ones.

In  sev e re ly  in fe c te d  stems of su sc e p tib le  can ta lo u p s , groups o f 

c e l l s  d is in te g ra te d  to  form n e c ro tic  p o ck ets  which were sometimes l in e d  

o r  p a r t i a l l y  f i l l e d  w ith  th e  red  s ta in in g  gum -like m a te r ia l (P la te  XV,

P ig . 35) .  Sometimes th e  in n e r margin of th e  p i th  c a v ity  was l in e d  w ith  

gum. Harrow n e c ro t ic  s t r i p s  ra d ia te d  from th e  in fe c te d  c a v ity  toward the  

m argins o f th e  hypocotyl (P la te  XVIII, P ig . *H). HWien th e se  reached th e  

su rfa c e , a  l a t e r a l  crack  from which gummy m a te r ia l was exuded formed on 

th e  su rface  o f the  hypoco ty l. N ecro tic  s tre a k s  on th e  hypocoty ls and 

stems were formed by the  enlargem ent of n e c ro tic  a reas  in  th e  c o r t ic a l  o r 

p e r ic y c l ic  parenchyma ( p la te  XVIII, P ig . ^ 2 ). These parenchyma c e l l s  had 

been invaded by hyphae from th e  in fe c te d  b u nd les.

The response o f th e  h o s t c e l l s  to  in o c u la tio n  in  g ra f te d  p la n ts  

was dependent upon th e  e x te n t o f invasion  and abundance o f th e  fungus in  

th e  t i s s u e s .  A ll responses of cantaloup-ors-cantaloup and cucumber-on- 

cucumber g r a f t s  were in d is t in g u is h a b le  from those  o f u n g ra fted  p la n ts .

The cantaloup stocks o f cucum ber-on-cantaloup g r a f ts  showed a l l  th e  h is to ­

lo g ic a l  symptoms c h a r a c te r is t ic  of can ta lo u p s. D isc o lo ra tio n  o f some of 

th e  v a sc u la r  bundles o f the  cucumber scion  w ith in  and j u s t  above th e  

g r a f t  union u su a lly  o ccu rred . A narrow la y e r  of gum -like m a te r ia l o f te n
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l in e d  th e  v e s s e ls  above th e  upper l im i t s  o f fungus in v asio n . In  th e  re ­

c ip ro c a l g r a f t s  d is c o lo ra t io n  o f th e  v a sc u la r  handles o f th e  cucumber 

s to ck s  was r a r e ,  h u t a  s l ig h t  d is c o lo ra t io n  of th e  xylem of th e  cantaloup 

sc io n s  u s u a lly  occurred  even where th e  bundles of the  s to ck s  appeared nor­

mal i n  c o lo r .

DISCUSSION

R e s is ta n t can ta loups d if f e re d  from su sc e p tib le  can ta loups in  

t h e i r  g ross and h is to lo g ic a l  responses to  in o c u la tio n  w ith  F . buTbigenum 

v a r .  niveum f . 2 in  degree r a th e r  than  in  k in d . Cucumbers, however, d id  

n o t develop ty p ic a l  symptoms o f the  d isea se  and were no t k i l l e d  by th e  

pathogen  even though many o f th e i r  in te r n a l  responses resem bled th o se  of 

r e s i s t a n t  can ta lo u p s.

F a ilu re  of the  r e s i s ta n t  can ta loups to  dem onstrate a  h ig h er de­

g ree  of r e s is ta n c e  to  th e  w il t  Fusarium in  th ese  experim ents may be due 

in  p a r t  to  th e  method of in o c u la tio n  o r  to  th e  v iru le n c e  o f th e  s t r a in  

o f Fusarium used as inoculum. The ro o t d ipping  technique i s  a  d r a s t ic  

one, and i t  i s  u n lik e ly  th a t  p la n ts  would ever come in  co n tac t w ith  such 

a  mass o f inoculum in  th e  f i e l d  even under the  most sever co n d itio n s  of 

in f e s ta t io n .  Even in  th e  su sc e p tib le  can ta loups th e  d ise a se  developed 

more ra p id ly  and th e  p la n ts  were k i l l e d  sooner than would be expected in  

th e  f i e l d .  In  many v a sc u la r  F u sa ria  new s t r a in s  may a r i s e  as  s e c to rs  on 

a r t i f i c i a l  media o r as  d is s o c ia n ts  in  th e  s o i l .  These s t r a in s  vary  wide­

ly  in  v iru le n c e . S lee th  (13) found th a t  h is  more v iru le n t  s t r a in s  o f th e  

waterm elon w il t  pathogen a tta c k e d  both  r e s i s ta n t  and su sc e p tib le  w ater­

m elons, w hile  the  l e s s  v i ru le n t  s t r a in s  a tta c k e d  only th e  su sc e p tib le  

v a r i e t i e s .  I t  i s  p o s s ib le  th a t  the  s t r a in  of Fusarium used in  th ese  ex­
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perim en ts  may have been s u f f ic ie n t ly  more v i ru le n t  than  th o se  to  which 

th e  r e s i s t a n t  can ta loups were exposed during  th e  development o f th e  

v a r ie ty  as to  account f o r  t h e i r  b ehav io r in  th e  p re se n t experim ents* I f  

th e  v e in  c le a r in g  d esc rib ed  in  th e  in o cu la te d  cucumbers was a  r e s u l t  o f 

th e  d r a s t ic  type of in o c u la tio n  o r of th e  p a r t i c u la r  s t r a in  o f Fusarium 

u sed , i t  seems p o s s ib le  th a t  i t  might not occur under f i e l d  conditions*

The d if fe re n c e s  in  th e  responses o f th e  th re e  ty p es  of p la n ts  to  

in o c u la tio n  w ith  th e  w i l t  Fusarium were n o t th e  r e s u l t  o f th e  f a i lu r e  of 

th e  organism to  g a in  en tran ce  in to  th e  p rim ary  t i s s u e s ,  s in ce  i t  was ob­

served  th a t  p e n e tra tio n  proceeds in  e s s e n t ia l ly  the same manner in  a l l  

th re e  p lan ts*  The a b i l i t y  o f F u sa r ia  to  p e n e tra te  th e  young ro o t t i s s u e s  

o f  r e s i s t a n t  and su sc e p tib le  v a r ie t ie s  w ith  equal ease has been observed 

in  waterm elons ( 20) ,  in  cabbage ( l ) ,  in  peas (11, 18) and in  f la x  (16) ,  

V a lleau  and Johnson (17) have shown th a t  seed lin g  t i s s u e s  of a  number of 

p la n t s  dem onstrated very l i t t l e  s p e c if ic  r e s is ta n c e  to  a t ta c k  even when 

in o c u la te d  w ith  F u sa ria  i s o la te d  from w idely u n re la te d  h o s ts .  T isd a le  

( l 6) found th a t  F, co n g lu tin an s could p e n e tra te  seed lin g  ro o ts  of f la x ,  

and th a t  F . l i n i  was ev id en tly  ab le  to  p e n e tra te  those of cabbage as  they  

were k i l l e d  by i t  in  tube c u l tu re s .  F* co n g lu tin an s . F. ly c o n e rs ic i  and 

£• H a *  were a l l  a b le  to  p e n e tra te  the  o u te r  la y e rs  of c e l l s  of w ater­

melon ro o ts  (2 0 ). Hence th e  p e n e tra tio n  o f ro o t t i s s u e s  of r e s i s ta n t  

can ta lo u p s and cucumbers by th e  cantaloup w ilt  Fusarium cannot be con­

s id e re d  unusual*

I t  was dem onstrated in  th e  v e s se ls  of the  ro o ts  of a l l  th re e  h o s ts  

th a t  th e  d iffe re n c e s  in  th e  response of o ld e r  p la n ts  d id  not r e s u l t  from 

f a i lu r e  of th e  Fusarium to  invade th e i r  v a sc u la r  system s. I t  was a lso  

observed th a t  no anatom ical d iffe re n c e s  could exp la in  th e  v a r ia t io n s  in
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method and in  ex ten t of in v asio n  o f s t e l a r  t i s s u e s  o f th e  th re e  h o s ts .  

T h is i s  no t uncommon as Walker (1 9 ), a f t e r  d iscu ss in g  ty p es  o f r e s i s ­

tan ce  due to  c e l l  membranes and to  in te r a c t io n  of th e  p ro to p la s ts  of in ­

vader and h o s t,  concludes th a t  " . . .  There a re  many cases  in  which 

th e  pathogen invades th e  r e s i s ta n t  h o s t hu t does no t proceed "beyond th e  

e a r ly  s tag e s ; however, n e i th e r  c e l l  membrance nor c e l l  p ro to p la s t  r e ­

a c tio n s  have heen d isce rn ed  as accounting  fo r  the  r e s is ta n c e  phenomenon* n 

He s ta te s  th a t  Fusarium w il ts  h e s t  i l l u s t r a t e  cases o f t h i s  type* The 

fungus was l e s s  abundant in  th e  r e s i s ta n t  cantaloup and cucumber ro o ts  

th a n  in  th o se  of th e  su sc e p tib le  cantaloups* In  t h i s  re sp e c t a lso , th e  

s i tu a t io n  i s  s im ila r  to  th a t  in  cabbage yellow s ( 1*0 and n ear w il t  of 

p e a s  (IS)*

In  view of th e  r e la t iv e ly  sm all amount of fungus found in  th e  

r e s i s ta n t  can taloup p la n ts  as compared w ith  the  su sc e p tib le  p la n ts ,  th e  

s e v e r i ty  of t h e i r  symptoms and th e i r  death  might seem su rp r is in g  were i t  

no t f o r  the  f in d in g s  o f L in fo rd  (7 ) .  He showed th a t  in  pea  w il t  even a  

sm all amount o f Fusarium in s e r te d  in to  a  wound in  the  shoot of a  r e s i s ­

ta n t  p la n t  was s u f f ic ie n t  to  produce symptoms of the d ise a se  even though 

th e  inoculum d id  no t grow to  any ap p rec iab le  ex ten t in  the  r e s i s ta n t  

t is su e s*

No type of h o st c e l l  response was observed w ith s u f f ic ie n t  f r e ­

quency o r co n sis ten cy  in  th e  r e s i s ta n t  can taloups o r in  cucumbers to  ac­

count f o r  t h e i r  re s is ta n c e*  More gum -like m a te r ia l in  p ro p o rtio n  to  the  

amount o f fungus p re se n t was found in  v e s se ls  of the  r e s i s ta n t  can ta loups, 

b u t no t in  cucumbers* In  th e  su sc e p tib le  p la n ts  th e  gum -like m a te r ia l 

a p p a re n tly  d id  no t impede th e  growth of th e  fungus and probably  d id  n o t 

do so in  th e  r e s i s ta n t  p la n ts .  R io s e s  may rep re sen t a  r a th e r  common re­
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sponse to  in fe c t io n  w ith  F u sa r ia . S lee th  (12) found them more abundant­

ly  in  waterm elons in fe c te d  by Fusarium w il t  than  in  h ea lth y  p la n t s .

W ilson (2D) made th e  same o b se rv a tio n . Fahmy (2) found them a lso  in  

w ilte d  c o tto n . In  t h i s  study they have been observed more f re q u e n tly  in  

v e s s e ls  o f in o c u la te d  p la n ts  than  in  t h e i r  un in o cu la ted  checks. They a re  

p robab ly  n o t concerned in  r e s is ta n c e  as  they  occurred  w ith  approxim ately  

equal frequency in  a l l  th re e  types of in o cu la te d  h o s ts .  W ilson (20) r e ­

gards ty lo se s  a s  responses of l iv in g  c e l l s  in ju red  by e i th e r  to x ic ,  meta­

b o l ic  o r  enzym atic p ro d u c ts  of th e  w il t  pathogen.

M icroconid ia which form abundantly in  th e  v e s se ls  of ro o ts  and 

stems of su sc e p tib le  can ta loups probably  may be c a r r ie d  -upward in  th e  

t r a n s p ir a t io n  stream  to  e s ta b l is h  new lo c i  of in fe c t io n . This has been 

shown by Y oshii (23) to  occur in  w aterm elons. They a lso  appear, b u t le s s  

abundan tly , in  the  v e s se ls  o f th e  ro o ts  and of a d v e n titio u s  ro o ts  a r is in g  

from th e  hypocoty ls of r e s i s t a n t  can taloups and cucumbers. Whether they 

a re  ab le  to  e s ta b l is h  new lo c i  o f in fe c tio n  in  th ese  h o s ts  has no t been 

dem onstrated, b u t they  probably  would be capable of germ inating  on s u i t ­

a b le  m edia. This might ex p la in  th e  i s o la t io n  of th e  fungus from t is s u e s  

in  which i t  could  not be dem onstrated h is to lo g ic a l ly .  Smith and Walker 

(lH) were ab le  to  i s o la t e  Fusarium from r e s i s ta n t  cabbage t i s s u e s  in  which 

th e  fungus could no t be seen . I t  may a lso  exp la in  th e  i s o la t io n  of F usar­

ium in  13.3  p e rcen t of th e  cases from cantaloup scions and in  only 3«5 

p e rc e n t o f th e  cases from cucumber ro o t s to ck s  of in o cu la ted  can ta loup - 

on-cucumber g r a f t s .

The in o cu la ted  seed lin g s  of su sc e p tib le  and r e s i s ta n t  can taloups 

behaved alm ost id e n t ic a l ly .  Wilson (20) found th i s  to  be th e  case in  

w aterm elons, and he concluded th a t  ap p aren tly  no w ell developed defense
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mechanism had tim e to  develop and fu n c tio n  in  th e  e a r ly  seed lin g  s ta g e .

The r e s u l t s  o f th e  p re se n t experim ents le a d  to  the  conclusion  th a t ,  in  

th e  development o f w i l t  r e s i s t a n t  v a r i e t ie s  o f can ta lo u p s, greenhouse in ­

dexing in  th e  seed lin g  s tag e  should not "be depended upon to  g ive  a  t ru e  

p ic tu r e  of th e  p robab le  perform ance of the  p la n ts  under f i e l d  c o n d itio n s . 

M oreover, th e  i s o la t io n  o f th e  Fusarium from a  p la n t  i s  no t a  c r i t e r io n  

o f i t s  s u s c e p t ib i l i ty  to  cantaloup w i l t ,  s in ce  in  th e se  experim ents th e  

pathogen was recovered  r e a d ily  from both  homozygous r e s i s ta n t  can ta loups 

and from cucumbers.

In  so f a r  a s  i t  cou ld  be determ ined by h is to lo g ic a l  means, i t  

appears th a t  th e  behav io r o f th e  r e s i s ta n t  can taloups could  be a t t r ib u te d  

no t only  to  a  slow er r a te  o f development o f th e  fungus in  t h e i r  t i s s u e s ,  

bu t a lso  th a t  t h e i r  c e l l s  were le s s  su sc e p tib le  to  any to x ic  substance 

o r  m etabo lic  by-p roducts which might be produced by th e  fungus o r by in ­

te r a c t io n  between th e  fungus and h o s t c e l l s .  In  v a rio u s  o th e r  p la n ts  

su b je c t to  Fusarium w il ts  th e  in v e s t ig a to r s  have a t t r ib u te d  th e  f a i lu r e  

o f  th e  fungus to  grow in  the r e s i s ta n t  p la n ts  to  th e  p resen ce  in  th e i r  

t i s s u e s  of a  p o s tu la te d  in h ib i to ry  o r a n ta g o n is t ic  substance (1 , lU , IS ) ,

I f  such a  substance were p re se n t in  r e s i s ta n t  can ta lo u p s, i t  must be 

concluded th a t  i t  was no t ab le  to  p rev en t th e  p ro d u c tio n  o f many of th e  

symptoms of w il t  even when only a  sm all amount of the  fungus was p re s e n t .  

The f a i lu r e  o f in o cu la ted  cucumber seed lin g s  to succumb, and th e  absence 

of ty p ic a l  in te rn a l  and e x te rn a l synptoms of cantaloup w i l t  in  o ld e r  cu­

cumbers which con ta ined  alm ost as  much Fusarium as th e  r e s i s ta n t  can ta ­

lo u p s , in d ic a te s  th a t  they  have a  g re a te r  degree of r e s is ta n c e  and 

su g g ests  th a t  they may p o ssess  a  d i f f e r e n t  type o f r e s is ta n c e  from th a t  

o f th e  R e s is ta n t can ta lo u p s . The g r a f t  experim ent y ie ld e d  evidence
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s im ila r  to  th a t  ob ta in ed  by May (8) w ith  g ra f te d  r e s i s ta n t  and su sc e p tib le  

tomatoes* I t  in d ic a te d  th a t  whatever i s  re sp o n s ib le  fo r  th e  reduced r a te  

o f development of th e  fungus in  cucumbers i s  re s id e n t in  t h e i r  t i s s u e s  

and i s  not t r a n s f e r r e d  through a  g r a f t  union to  th e  can taloup  p o r tio n  o f 

th e  p la n t s .  This i s  shown by th e  f a i lu r e  o f th e  fungus to  develop exten­

s iv e ly  in  cucumber sc io n s  on in o cu la ted  cantaloup ro o ts ,  to g e th e r  w ith  the  

f a c t  th a t  i t  could be i s o la te d  more f re q u e n tly  from th e  can taloup  sc io n  

th an  from th e  cucumber ro o t s to ck s  o f cantaloup-on-cucum ber g ra fts*

SUMMARY

When seeds o f su sc e p tib le  can ta lo u p s, r e s i s ta n t  can ta loups and 

cucumbers were germ inated in  sand in o c u la ted  w ith  Fusarium bulbigenum 

(Cke. and Mass*) v a r .  niveum Wr* f .  2, th e  seed lin g s  o f r e s i s ta n t  cantar- 

loups were alm ost a s  sev e re ly  a f fe c te d  by th e  fungus as th o se  of su sc ep ti­

b le  c an ta lo u p s . Cucumber seed lin g s  were u n a ffe c te d . The fungus could 

be r e i s o la te d  from a l l  th re e  types o f p la n ts*

When o ld e r  p la n ts  were in o cu la ted  by a  ro o t d ipping  tech n iq u e , 

r e s i s t a n t  can ta loups developed symptoms s im ila r  to  th o se  on su sc e p tib le  

can ta lo u p s and d ied , w ith  th e  exception  of an occasio n a l p la n t  which 

rem ained a l iv e  bu t much s tu n te d . Cucumber p la n ts  d id  not develop symptoms 

c h a r a c te r i s t i c  o f  can taloup  w il t  and were no t k i l l e d .  I t  was shown by 

c u l tu r a l  methods th a t  th e  Fusarium extended f a r th e r  up in to  su sc e p tib le  

p la n t s  th an  in  r e s i s ta n t  p la n ts  and was confined to  th e  ro o ts  and hypo­

c o ty ls  o f cucumbers.

The seed lin g  ro o ts  of a l l  th re e  types of p la n ts  were p e n e tra te d  

w ith  equal ease and frequency . The v a sc u la r  systems of a l l  th re e  were in ­

vaded. The Fusarium grew more abundantly  in  th e  v a sc u la r  system and the
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in v a s io n  was more ex ten s iv e  in  su sc e p tib le  can ta loups th an  in  r e s i s ta n t  

can ta lo u p s o r  cucumbers* R e s is ta n t can ta lo u p s dem onstrated more o f th e  

in te r n a l  symptoms o f in fe c t io n  than  d id  cucumbers* In  an experim ent 

w ith  re c ip ro c a l g r a f t s  between can ta loups and cucumbers th e  s u s c e p t ib i l i ty  

o f ro o t s to ck s  was n o t a f f e c te d  by th a t  o f th e  scions* Cucumber sc io n s  

were no t e x ten s iv e ly  invaded by hyphae from th e  su sc e p tib le  cantaloup 

ro o t s tocks and th e  Fusarium  was r e i s o la te d  more f re q u e n tly  from cantar- 

loup sc io n s  than  from th e  cucumber ro o t s to ck s  in  g ra f te d  p la n ts  o f th a t  

combination*

The responses o f r e s i s ta n t  can ta loups to  in o c u la tio n  d if f e r e d  

from those  o f su sc e p tib le  can ta loups in  degree r a th e r  than  in  k in d . There 

was some evidence th a t  cucumbers p o ssess  a  d i f f e r e n t  type o f r e s is ta n c e  

from th a t  o f r e s i s ta n t  can ta lo u p s.
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P ig u re  37* D ro p le ts  o f  gummy m a te r ia l  have 
accum ulated  on th e  s u rfa c e  o f 
th e  ty lo s e  g iv in g  i t  a  beaded ap­
p e a ra n c e . X 5^0.

P ig u re  38# Group of fo u r  ty p ic a l  th in  w a lled  
ty lo s e s  in  a  v e s s e l ,  X 580*

P ig u re  39* S ca la rifo rm  secondary th ic k e n in g s  
in  th e  w a lls  of a  ty lo se#  X 4S0.



PLATE XVI
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PLATE XVII

F ig u re  to .  S in g le  parenchyma c e l l  o f  an
in o c u la te d  s u s c e p tib le  can ta loup  
stem showing numerous sm all vacuoles 
in  th e  cy toplasm . T h is  c o n d itio n  
was ty p ic a l  of c e l l s  a d ja c e n t to  in ­
f e c te d  a r e a s .  X



PLATE XVII



PLATS XVIII

O rig in  o f c rack s  and n e c r o t ic  s tre a k s  
on th e  hyp o co ty ls  o f in fe c te d  can ta lo u p  p la n t s .
X 15 .

F ig u re  hi* P i th  c a v ity  l in e d  w ith  gummy m ater­
i a l  and s t r i p  o f gum f i l l e d  c e l l s  
r a d ia t in g  to  s u rfa c e . At th e  op­
p o s i te  s id e  o f th e  c a v i ty  a  sh o rt 
s t r i p  ex tends p a r t  o f  th e  way to ­
ward th e  s u rfa c e .

F ig u re  k-2* Hyphae have invaded th e  parenchyma 
a d ja c e n t to  th e  low er bund le  i n  th e  
pho tograph  and in f e c t io n  has ex­
tended  to  th e  su rfa c e  to  form a  
n e c r o t ic  s t r e a k .



PLATE XVIII


