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INTRODUCTION AND REVIEW OF LITERATURE

Fusarium m ilt  o f  muskmelon (Cucumis melo L«) caused by Fusarium 

bulbigenum (Cke* and Mass*) var* niveum Wr* f* 2 was f i r s t  repo rted  in  

1930 by Chupp (3 ) in  sev era l f ie ld s  in  New York* Two years l a t e r  i t  

was rep o rted  by Leach (XL) in  Minnesota* The d isease  has been fu l ly  de­

sc rib ed  by Leach and Currence (12) mho in d ic a te  th a t i t  a lso  occurs in  

M ichigan, Arizona and Canada*

This d isease  was f i r s t  discovered in  Maryland about f i f te e n  years 

ago, although i t  was not o f f i c i a l ly  reported  u n t i l  191*0• At the  p resen t 

time t i t  i s  the  lim itin g  fa c to r  in  muskmelon production in  Anne Arundel 

County* W ilt i s  a lso  p resen t on the  E astern  Shore o f Maryland, bu t a 

se rio u s outbreak has not been noted*

The r e la t io n  o f  n u tr i t io n  to  d isease re s is tan c e  has been the  sub jec t 

o f  ex tensive study, and th e re  have been numerous instances in  the l i t e r ­

a tu re  where p la n t d iseases have been p a r t i a l ly  co n tro lled  by the  m odifi­

c a tio n  o f  f e r t i l i z e r  p rac tices*  A comprehensive review o f th is  su b jec t 

has been w ritte n  by Wingard (26 ). Of p a r t ic u la r  in te r e s t  a re  those papers 

p e rta in in g  to  the  re la t io n  o f n u tr i t io n  to  the  con tro l o f d iseases caused 

by Fusarium species*

F isher (7)* in  h is  study o f  Fusarium w ilt  of tomato, found th a t  a 

heavy a p p lica tio n  o f  lime plus low n itrogen  reduced the  amount o f invasion 

by the  pathogen* Cook (I*), working w ith the  same d isease , obtained s im ila r 

r e s u l ts  when a  low n itrogen  n u tr ie n t  was supplied* Thomas and Mack (20) 

analyzed, by the  f o l i a r  diagnosis technique, tomato p lan ts  grown on w i l t -  

in fe s te d  so il*  Sampling before symptoms o f the d isease appeared, they  

found th a t  those p lan ts  which remained healthy  contained more potassium
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th an  d id  those p lan ts  which became d iseased . They found, a ls o , th a t  p lan ts  

which became d iseased had a low calcium content* Sherwood (1 8 ), working 

w ith  the  same d isease , observed th a t  the  h ighest percentage o f w il t  always 

occurred in  the  most ac id  s o i l s  in  h is  experim ents. He found th a t ,  in  

gen era l, th e  percentage o f w i l t  decreased as the  H-ion concentration  de­

creased  u n t i l  a  pH o f 7.U was reached. S co tt (17) noted th a t  le s s  Fus­

arium w il t  o f  tomato occurred when the  p lan ts  were grown a t  a  pH o f  6.1* 

to  7*0 and th a t  more w il t  appeared a t  more ac id  o r more a lk a lin e  condi­

tions*

Neal (1 ^ ), Smith (1 9 ), T isdale  and Dick (21 ), and Young and Tharp 

(27) have repo rted  th a t  the a p p lica tio n  of high potash f e r t i l i z e r s ,  par­

t ic u la r ly  to  s o i l s  d e f ic ie n t in  potassium, reduced the se v e rity  o f w il t  

in  co tton  caused by Fusarium vasinfectum  A tk. The e f fe c t  o f various 

n itrogen  le v e ls  was not s ig n if ic a n t  (35 , 21) although Young and Tharp 

( 27) f e l t  th a t  the  ap p lica tio n  of s u f f ic ie n t  amounts o f  potash to  b a l­

ance the  av a ilab le  n itrogen  and phosphorus was h ighly  im portant in  con­

t r o l l in g  the co tton  w il t  d isease .

Cabbage yellows caused by Fusarium conglutinans W oll. has been 

s tu d ied  by Walker and Hooker (22 ). These workers found th a t ,  when p lan ts  

were grown in  sand c u ltu re , reduction o f the  potassium le v e l co n s is ten tly  

increased  th e  se v e rity  of the  d isease .

Various workers have demonstrated the  f a c t  th a t  fungi which invade 

vascu la r t is s u e  w il l  produce phytotoxic substances, when grown in  v itro  

and presumably when growing in  the  host p lan t (1 , 6 , 9 , 12, 21*). Recent­

ly  G o ttlieb  ( 8 ) has demonstrated the  presence o f a tox in  in  the trachea  

o f  tomato p lan ts  in fec ted  w ith Fusarium bulbigenum v a r. ly co p e rs ic i 

(B rushi) Wr. and Wr. and R .) .
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The p resen t study was undertaken to  determine what influence various 

le v e ls  o f  n itro g e n , potassium , and calcium n u tr i t io n  have on th e  re s is ta n c e  

o f  th e  muskmelon to  Fusarium w i l t ,  as w ell as to  determine the  re la tio n  

o f these  n u tr i t io n a l  le v e ls  to  the  h o s t-p a ra s ite  re la tionsh ip*  C erta in  

re le v a n t s tu d ie s  o f possib le  to x in  form ation by the  fungus in  v i t r o  have 

been included*

MATERIALS AND METHODS

Source o f Seed*

The v a r ie ty  B ender's S u rp rise  was used in  a l l  greenhouse experim ents, 

and th e  Clarke v a r ie ty ,  commonly p lan ted  in  Anne Arundel County, in  the  

f i e ld  experiment*

Inoculum and Inoculation  Technique*

The c u ltu re  o f Fusarium, A122-1-1A, used throughout the  greenhouse and 

lab o ra to ry  experim ents, was the  th i r d  successive sing le-spore  is o la te  from 

a cu ltu re  iso la te d  by Dr* Mark W. Woods in  Ju ly , 1938, from w ilte d  musk­

melon p la n ts  in  Anne Arundel County* In  the  f i e ld  experiment ground was 

se lec ted  which was n a tu ra lly  in fe s te d  w ith the  organism. Iso la te s  from 

d iseased  p la n ts  obtained from the experim ental p lo t  c lo se ly  resembled A122- 

1-11  in  morphological and c u ltu ra l  c h a ra c te r is tic s*

The inoculum used in  th is  study was prepared by growing the  fungus on 

100 c.c* o f l iq u id  Leonian 's medium1 in  2f>0 c*c* Erlenmeyer f la s k s .  When 

the  fungus mat had covered the  surface o f the  medium (approxim ately 15 days 

a t  27° C*), the  cu ltu re s  were f i l t e r e d ,  and the  fungus mat was ground fo r  

one minute w ith 250 c .c*  o f ta p  water in  a Waring Blendor* The suspension 

o f spores and m ycelial fragments was used w ithout fu r th e r  trea tm en t.

1L eonian 's medium: potassium monobasic phosphate 1*20 g . ,  magnesium
sulphate 0.60  g*, peptone 0*60 g*, maltose 6.25  g*, m alt e x tra c t 6*25 g . ,  
and w ater 1000*00 ml*
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Culture and Inocu la tion  o f P lan ts  in  Greenhou.se•

An greenhouse experiments were planned as randomized block designs. 

Spergon-treated  seeds were sown d ire c tly  in to  2 -gallon  crocks o f steam 

s t e r i l i z e d ,  quartz  sand. In  the f i r s t  two experiments f in e  sand (pre­

dominantly o f  1*0 mesh grade) was used . HVhen i t  was proved th a t  a coarse 

grade o f  sand (predom inantly o f 20 mesh grade) was superio r fo r  muskmelons 

( 16) ,  t h i s  grade was used in  a l l  subsequent experiments* A fte r germi­

n a tio n , th e  stand  was thinned to  the  desired  number o f uniform ly-sized  

p la n ts .  N utrien t so lu tio n s were s ta r te d  a f t e r  the f i r s t  tru e  leaves ap­

peared*

N u trien t so lu tio n s were made from molar concentrations o f the  s a l t s  

in d ica ted  in  Table I .  Throughout th is  study the  follow ing elements were 

supplied  a t  the  constan t ra te s  in d ica ted : calcium a t  2U0 p .p .m ., mag­

nesium a t  I18 p .p .m ., and the  phosphate ion a t  190 p.p.m .

TABLE I

S a lts  Used in  Preparing N utrien t Solutions Supplied 
Muskmelon P lan ts in  Sand Culture Experiments

S a lt

P a rts  per m illio n  furn ished by one c .c .  
o f  molar so lu tio n  per l i t e r  of n u tr ie n t 
so lu tio n •

Cation Anion

Ca(N03)2 * J*H20 Uo.o 12l*.0

KH2P0|i 39*0 95.0

MgSOj/T^O 2U.0 96.0

CaCl2 1*0.0 71.0

KC1 39*0 35.5

KNO3 39.0 62.0

Mg(HO3 )2 *6H20 21* .0 12li.O

NaN03 23.0 62.0
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The so lu tio n s were supplemented by the ad d itio n  o f  approxim ately 0*11 p.p.m* 

manganese, 0*02 p.p.m . z in c , 0*02 p .p.m . copper, and 0*12 p .p .m . boron.

Iro n  was supplied as f e r r ic  t a r t r a t e  a t  the ra te  of 1 c . c« o f a 0*5$ so l­

u tio n  p er l i t e r  o f  n u tr ie n t so lu tion* A ll so lu tio n s were made fre sh  d a ily  

in  ta p  water* They were app lied  to the crocks a t  the  ra te  o f £00 c.c* 

once a day. Every week crocks were thoroughly flushed  w ith tap  w ater to  

in su re  ag a in st bu ild ing  up a concentra tion  of any element.

During periods of sho rt day leng th  (October to  March), ad d itio n a l 

l ig h t  was furn ished by 300 w att bulbs suspended about two fe e t  above the 

plants*

Ino cu la tio n  of p lan ts  was accomplished by making a d ibble hole in  the 

sand adjacent to the  tap  ro o t and pouring l£  c*c* of inoculum on the  roo ts 

thus exposed*

Culture and Inocu la tion  o f P lan ts in  F ie ld .

The f i e ld  experiment was conducted on the f a m  o f Mr* Charles Pum- 

phrey, M il le r s v i l le ,  Maryland* Three years before i t s  use in  th is  ex­

perim ent, the f i e ld  was p lan ted  with muskmelons* According to  the farm er, 

th e  crop had been a to ta l  lo s s  because of w i l t .  A fte r  the crop f a i lu r e ,  

th e  f ie ld  la y  fallow  fo r  one year and then was sowed with vetch* The 

cover crop was turned under in  March, and in  mid-June the  land was pre­

pared fo r  muskmelons. S o il samples were taken subsequent to  the second 

plowing (Table H )  •

The design of th is  experiment was th a t o f a s p l i t  block w ith lime 

v s . no lime as the  whole p lo t .  Whole p lo ts  were re p lic a te d  £ tim es. With­

in  each sub -p lo t were 2-row f e r t i l i z e r  p lo ts ,  30 f e e t  long, allowing e ig h t 

h i l l s  per p lo t ,  each h i l l  containing two p la n ts . Lime was app lied  broadcast 

p r io r  to  the  f in a l  harrowing a t  the r a te  of 1500 pounds per a c re . This
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TABLE II

R esults o f Tests on S o il Taken from F ie ld  P lo ts*

Element Amount P resen t -  Pounds per Acre

Calcium 0-300
Magnesium 10-30
Aluminum 0-50
Iro n 0-10
N itrogen, n i t r a te 0-5
N itrogen, ammonia o-5
Phosphorus 50-100
Potassium 0-100
Manganese 0-3

pH value -  5*1
S o il type -  sandy loam

Per cent organic m atter -  0*U

^Analysis made by the S o ils  Department, U niversity  of Maryland.

amount was ca lcu la ted  to  ra is e  the pH to  6.0* The f e r t i l i z e r  formulas ap­

p lie d  were 6-6-5 (normally used fo r  muskmelons by the m ajo rity  of fanners 

in  Anne Arundel County), U-8-8, U-8-12, I4- 8- I 6 and I+-8-20. The m ateria ls  

used in  the  m ixtures appear in  Table I I I*  F e r t i l i z e r  was applied  in the 

bottom of the row a t the ra te  o f 800 pounds per acre*

Number 2 t i n  cans were used fo r  the propagation o f the muskmelon 

p la n ts . This i s  common p rac tice  in  the county when an e a r ly  crop is  de­

sired* These cans were segregated in to  groups, each group receiv ing  in 

the bottom of the can a small amount (approxim ately one-half teaspoon) of 

the f e r t i l i z e r  m ix tures. The cans were then f i l l e d  with a mixture of h a lf  

bank sand and h a lf  compost, placed in  a cold frame and seeded with four 

seeds* A fte r germ ination, the stand of p lan ts  was thinned to  two seed l­

ings per can. A fter approximately 20 days, a l l  o f the young p lan ts  had 

a t  l e a s t  two tru e  leaves and were tran sp lan ted  to  the f ie ld *  F if ty -fo u r
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TABLE IXX
M ateria ls from Which the F e r t i l i z e r  Formulas Used in  

the  F ie ld  Experiment Were Derived

Pounds Used p er Ton o f  Mixture

M aterial 6—6—5 1*—8—8 li-8-12 L-8-16 ii-8-20
S te r i l iz e d  Tobacco Stems 50 50 50 50 50
Nitrogen Tankage Uo 25 25 25 25
S u lfa te  o f  Ammonia 570 380 380 380 380
Superphosphate 600 800 800 1*70 235
T rip le  Superphosphate « _ — 12*0 21*0
H. G. Muriate Potash 170 270 kOQ 535 670
Magnesium lim estone 570 1*75 3U5 ItOO 1»00

days a f te r  tra n sp la n tin g , a l l  p lan ts  were examined and ra te d  fo r  w ilt*  

R epresentative samples o f  d iseased  and healthy  p la n ts  were cu ltu red  fo r  

th e  causal agent*

D isease C r i te r ia .

In  the  f i r s t  greenhouse experiments the  p la n ts  were ra te d  as e i th e r  

dead o r h ea lth y . In  subsequent experiments p la n ts  were ra te d  according 

to  a system developed fo r  the  f i e ld  experiment. A d esc rip tio n  o f the 

c la sse s  in  th is  system appears in  Table 17 and diagrams o f ty p ic a l  p lan ts  

in  some o f th e  c la sses  a re  shown in  F igures 1 , 2 , 3 and It* W ithin each 

c la s s if ic a t io n  considera tion  was given to  the t o t a l  amount o f  the  p la n t 

a ffe c te d  including  the  ex ten t to  which f ru it-b e a r in g  was prevented. Thus, 

a diseased p la n t which matured a  marketable f r u i t  on an apparen tly  healthy  

runner received  a  s l ig h t ly  lower ra t in g  than a s im ila r ly  d iseased  p lan t 

which matured no f ru i t*  In  the  l a s t  greenhouse experiment the p lan ts  were 

cu t a t  the  ground l in e ,  and free  hand sections were made one inch below 

the  cotyledonary node* Disease ra tin g s  were made on the  b as is  o f the  

percentage o f  the  cross sec tion  o f the stem invaded by the  fungus hyphae*
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TABLE IV
System Used fo r  Rating P lan ts  In fec ted  With the  

Fusarium W ilt D isease

pat/t tip D escrip tion
0 - 1 * Healthy o r showing s l ig h t  to  moderate 

d isc o lo ra tio n  o f  v ascu la r system when 
stem i s  cu t a t  the  s o i l  l in e .

5 - 9 One branch ro o t n ecro tic  and showing a 
reddish-brown d isc o lo ra tio n . D iscolor­
a tio n  extends as a s treak  up the  tap  
ro o t. Several drops o f reddish-brown 
exudate on stem a t  f i r s t  o r  second 
in tem o d e . Tip leaves o f one runner 
s l ig h t ly  yellowed and cupped o r runner 
n early  dead. Rest o f p lan t o f normal 
appearance.

10 -  ik One branch roo t n e c ro tic  and showing a 
reddish-brown d isc o lo ra tio n . D iscolor­
a tio n  extends as a s treak  up the tap  
ro o t . Brown d isco lored  s treak  on ap­
proxim ately h a lf  o f main stem. Streak 
may a lso  extend p a r t  way along branch 
stem. Leaves o f stems showing th is  
s treak  more o r  le s s  yellowed and cupped. 
Several branch stems of normal appear­
ance.

IS  -  19 One o r  more branch roo ts necro tic  and 
showing reddish-brown d isco lo ra tio n  
which extends up the  tap  ro o t. Several 
brown d isco lo red  s treak s  on main stem 
and a l l  branch stems except one. Leaves 
on remaining stems more o r le s s  yellowed 
and cupped.

20 E n tire  p la n t dead.

Chemical A nalysis o f P la n ts .

A nalysis fo r  n i t r a te  content o f the  main stem of muskmelon p lan ts  was 

done according to  the  rap id  method of Carolus (2) •

N u tritio n  o f the  Fungus*

The fungus was grown in  100 c .c .  Erlenmeyer f la sk s  on potato dextrose 

agar a t  room tem perature. A fte r the  fungus had covered the  surface of the
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ag a r, a  spore suspension was made w ith  s t e r i l e  tap  water* One c*c* o f th is  

suspension was inoculated  in to  25>0 c.c* Erlenmeyer f la sk s  con tain ing  auto­

clayed n u tr ie n t so lu tions*  The n u tr ie n t  so lu tio n s , which were the  same 

as those applied  to  th e  muskmelon p la n ts , comprised a l l  combinations o f 

n i t r a te  a t  the  follow ing le v e ls :  1|1|7 p .p .m ., 620 p .p .m ., 868 p.p*m ., and 

99b p.p*m*; and potassium a t  the  follow ing le v e ls :  195 p.p*m*, 273 p.p.m*, 

351 p*p.m., U29 p.p.m*, and 507 p.p.m . Four re p lic a tio n s  were prepared. 

A fte r  te n  days growth a t  27° C ., the  fungus mats were f i l t e r e d  o f f ,  oven 

d ried  and weighed*

In the  second experiment, a spore suspension was prepared as pre­

v io u sly  described , N utrien t so lu tio n s were prepared as before  comprising 

a l l  combinations o f n i t r a te  a t  le v e ls  o f 100 p .p .m ., 273 p.p.m«, and hU7 

p .p .* . ,  and potassium a t  le v e ls  o f  78 p.p.m*, 156 p .p .m ., and 195 p.p*m. 

Three s e r ie s  o f  fou r rep lic a tio n s  each were prepared: S e ries  1 , pH 3*3$

S eries  2 , pH 6 .0 ; and S eries  3> pH 8 .0 . One ex tra  f la sk  was prepared fo r  

each s e r ie s  fo r  i n i t i a l  pH determ ination. On the b a s is  o f  the  i n i t i a l  

determ ination , S eries 1 was ad justed  to  i t s  proper pH w ith molar HC1;

S eries 2 , w ith 0 .5  molar HC1 o r  0*5 molar NaOH as necessary; and S eries 

3 , w ith 0*5 molar NaOH. S eries  1 was buffered  with 0*8 c .c .  molar

axî L c *c# molar NaCl; S eries 2, w ith Q*lt c .c*  molar Na^PO^,

0.1* c.c* molar Nâ HFOjî , and 0.2 c .c .  molar N ad ; S eries 3 , w ith 0.8 c.c* 

molar Na^HPO  ̂ and 0*2 c.c* NaCl# A fte r p reparation  o f  the  so lu tio n s , each 

f la s k  was inocu lated  w ith 1 c .c .  o f  spore suspension and incubated fo r  

th ree  days a t  27° C* Then the  f i r s t  re p lic a tio n  in  each s e r ie s  was t i ­

t r a te d ,  and the  pH o f a l l  re p lic a tio n s  was ad justed  to  the  i n i t i a l  pH 

leve l*  At the  end of s ix  days t o ta l  incubation , the second re p lic a tio n  

was t i t r a t e d ,  and a l l  re p lic a tio n s  were ad justed  fo r  pH* At the end of 

nine days incubation , the  th ir d  re p lic a tio n  was t i t r a t e d ,  and a l l  r e p l i ­
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c a tio n s  were ad justed  lo r  pH* A fte r te n  days t o t a l  incubation , the  fungus 

mats nere  f i l t e r e d  o f f ,  oven d r ie d , and weighed*

Attempts to  Demonstrate a Toxin*

300 c*c* Erlenmeyer f la sk s  were f i l l e d  w ith approxim ately 125 c.c* 

o f  Leonian’s so lu tio n  and inocu lated  w ith 3 c .c .  o f spore suspension*

Three f la sk s  were shaken continuously in  a shaker fo r  96 hours; th re e , 

fo r  72 hours; and th re e , fo r  1*8 hours* Comparable se ts  o f th ree  f la sk s  

were incubated on the  sh e lf  fo r  the  same periods o f  time* A ll incubation 

took place a t  room temperature* Uninoculated checks were run in  both 

shake and s t i l l  c u ltu re  fo r  96 hours* Following incubation , the  fungus 

mats were f i l t e r e d  o f f ,  and the so lu tio n s were cen trifuged  a t  approxi­

m ately 3500 r.p.m* f o r  5 minutes to  remove any spores and m ycelial frag ­

ments* P a rt o f  th e  so lu tio n  from each o f the 96-hour shake, 96-hour 

s t i l l ,  and check s t i l l  f la sk s  was given the follow ing treatm ent to  ex­

t r a c t  c e r ta in  p ro te in s  th a t  might be presents (1 ) add 30$, by w eight, 

s o lid  ammonium su lfa te  and f i l t e r  o f f  on c e l i t e ,  wash w ith 15 c.c*  30$ 

ammonium s u lfa te ;  (2) e lu te  w ith tap  w ater and ad ju s t to  pH 7*0 w ith 0*1 

normal KOH; ( 3 ) d ialyze both e luen t and f i l t r a t e  ag a in st tap  w ater fo r  

12 hours* F if te e n  c*c* from a l l  the  so lu tions a t  f u l l  and h a lf  s tren g th  

p lus the d ialyzed  e luen ts and f i l t r a t e s  from the  above were put in to  small 

s h e l l  v ia ls*  Young muskmelon p lan ts  having th ree  tru e  leaves were sepa­

ra te d  under w ater from th e i r  ro o t systems and placed in  the  v ia ls  fo r  1*8 

hours*

In  the  next experiment, inoculated  f la sk s  of Leonian1 s so lu tio n  were 

incubated a t  room tem perature fo r  96 hours in  shake and in  s t i l l  culture* 

A fte r the  fungus had been f i l t e r e d  o f f ,  the so lu tio n s were cen trifuged  

fo r  10 m inutes and d ialyzed  fo r  12 hours* E x tractions o f  the dialyzed
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so lu tio n s  w ith  e th y l alcohol and e th y l e th e r  were made* Young p lan ts  

were te s te d  in  f o i l  and h a l f  s tren g th  d ialyzed so lu tio n s as before*

In  another experiment, inoculated  f la sk s  o f Wellman1 s D if fe re n tia l  

S o lu tion^ , Tochinai1s Solu tion2 , and Leonian 's Solu tion  were prepared and 

inocu la ted  w ith 3 c*c* o f spore suspension* 125 grams o f healthy  young 

muskmelon t is s u e  were washed thoroughly in  s t e r i l e  w ater and ground in  a 

Waring Blendor w ith 500 c.c* o f s t e r i l e  water* The re s u ltin g  suspension 

was f i l t e r e d  through paper, put in  f la s k s , and immediately inocu lated  

w ith 9 c .c .  o f  spore suspension* A regu lar n u tr ie n t so lu tio n  contain ing  

14i7 p.p.m . o f  n i t r a te  and 195 p*p*m* o f potassium plus 5% sucrose was 

prepared and inoculated  w ith 3 c.c* o f spore suspension* A ll o f  the  fo re ­

going so lu tio n s were incubated in  both  shake and s t i l l  cu ltu re  a t  room 

tem perature fo r  96 hours* Uninoculated check so lu tions were incubated in  

the  same manner except fo r  the  muskmelon t is s u e  e x tra c t which was made a t  

the  end o f the 96 hour incubation  period* A fte r incubation , a l l  so lu tions 

were f i l t e r e d  and cen trifuged  a t  approximately 3500 r.p.m* fo r  10 minutes 

and put in to  sh e ll  v ia ls  a t  f u l l  and h a lf  strength* Young p lan ts  from 

which the  roo ts  had been excised under w ater were placed in  the  v ia ls  fo r  

lj.8 hours*

The Fusarium was incubated in  Leonianfs So lu tion  in  s t i l l  cu ltu re  a t  

room tem perature fo r  t h i r t y  days. The f i l t r a t e  was prepared and te s te d  in  

the  manner p rev iously  described in  d ilu tio n s  o f one-ha lf, one-fourth  and 

one-eighth o r ig in a l strength*  Comparable uninoculated check so lu tions were 

included in  the  experiment*

to l lm a n 's  D if fe re n tia l  Solu tion : proteose peptone 5*0 g*, dihydrogen
potassium phosphate 0*5 g*> magnesium sulphate 0*5 g*, maltose 15*0 g . ,  
fe rro u s sulphate 0*03 g*, water 1000 c.c*

^Tochinai Solu tion: peptone 10*0 g*, monopotassium phosphate 0*5 g*,
magnesium sulphate 0*25 g*, maltose 20*0 g . ,  and w ater 1000*0 c*c*
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R elation  o f N u tritio n  to  S u s c e p tib il ity

Greenhouse S tudies

The purpose o f the prelim inary  te s ts  was to f in d  out the n u tr ie n t 

balance necessary fo r  optim al growth of muskmelon p lan ts  in  quartz sand 

and to  a sc e r ta in  the  d iffe rences in  n i t r a te  content o f main stems of 

p lan ts  grown on varying lev e ls  of n itrogen  and potassium# The growth 

measurements have been recorded in  Table V# I t  i s  apparent from the 

to ta l s  th a t  there  was no s ig n if ic a n t increase  in  growth a f te r  a le v e l 

o f Ui7 p*p*m. of n i t r a te  was reached. Potassium alone had no e f fe c t  on 

to ta l  growth*

TABLE V

T otal Growth in  Inches of Muskmelon P lan ts Grown in  
Quartz Sand fo r  60 Days and Supplied With N utrien t 

Solutions Containing Various Levels of N itra te  
and Potassium.

P.P.M. P.P.M. Potassium
N itra te 117 1^6 195 T otal Growth

100 I8 $ a / 192 189 196 762
273 23 if 263 253 235 985
hkl 273 336 3U6 272 1227
620 276 383 332 250 12J-1
Ihh 335 366 355 323 1379

T otal Growth 1303 1$h0 1276

L.S.D* a t  1% po in t between n i t r a te  to ta ls  -  292
L*S.D. a t  $% po in t between n i t r a te  to ta ls  -  21h
L#S*D. a t  po in t between basic  figu res  -  135

a /  Basic f ig u res  in  tab le  rep resen t to ta l  growth of 1* p la n ts .
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W ithin the 117 and lf>6 p.p.m . le v e ls  o f n i t r a t e ,  p lan ts  receiv ing  UU7, 620, 

and 7UU p*p*m* o f n i t r a te  made s ig n if ic a n t ly  more growth than d id  those 

receiv ing  100 p*p»m* o f n i tr a te *  At 78 p.p.m . o f potassium no s ig n if ic a n t 

in c rease  in  growth occurred u n t i l  the 7bh p*p*m* o f n i t r a te  was reached.

No s ig n if ic a n t  in c reases  occurred in  the  195 p*p*m. of potassium s e r ie s .  At 

1&7 p*p*m* o f n i t r a te  and above, regard less o f the le v e l o f potassium, the  

p lan ts  had a hea lth y  green appearance. At concentrations of n i t r a te  below 

U*7 p.p.m *, the p la n ts  appeared to  be n itrogen  d e fic ie n t because o f th e ir  

l ig h t  green appearance*

The n i t r a te  analyses are  shown in  Table VI. The amount o f n i t r a te  in  

the  stem t is s u e  analyzed was h igh ly  co rre la ted  w ith the amount o f  n i t r a te  

p resen t i n  the  n u tr ie n t  so lu tio n . At the low est le v e l o f  potassium there  

was s ig n if ic a n tly  more n i t r a te  than  a t  any of the  h igher leve ls*  Between 

the  potassium le v e ls  o f 117, 156, and 195 p*p*m. there  was no s ig n ifican ce .

TABLE VI

Average Amount of N itra te  in  Stem Tissue o f Muskmelon P lan ts 
Grown in  Quartz Sand fo r  60 Days and Supplied with 

N u trien t Solutions Containing Various Levels 
N itra te  and Potassium.

P*P*M. P.P.M. Potassium Mean P*P*M*
N itra te 78 117 155 195 N itra te  Per P lan t

273 2 1 .5 a / 22.3 21.1 23.3 22.1
117 39.0 28.0 39.0  32.8 31.7
620 38.6 38.0 37.1 10.3 38.6
7W* 51.1 38.9 38.5 1*0.3 12.2

Mean P.P.M. 37.6 31.8 3l*. 1 31.2
n i t r a te  per p la n t

L.S «D. a t  1% po in t between means -  U.5
L.S.D* a t  %  po in t between means -  3*U
L.S *D . a t  5/6 po in t fo r  basic  figu res - 7 .0

a /  Basic figu res in  ta b le  rep resen t average o f 8 p l a n t s .O r ig i n a l  reading
fo r  each p lan t was coded before analy sis  to represen t 0.01 o f a c tu a l 
p.p*m* present*
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TABLE VII
C o rre la tio n  Between the Amount o f N itra te  in  the  N utrien t 

Solu tion  and the Number of Muskmelon P lan ts  K illed  
by Fusarium W ilt*

P.P.M. N itra te Number of P lan ts  K illed

100 10
275 12
bkl 17
620 25
7Wi 26

r  -  0.977**

** S ig n if ic an t a t  the  1% point*

Figure 5 shows the re s u l ts  o f the f i r s t  experiment in  which the p lan ts  

were inocu la ted  with the Fusarium* At the lower le v e ls  o f n i t r a te ,  potas­

sium exerted  a  pronounced e f fe c t  on the number o f p lan ts  which were k i l le d  

by the fungus. N itra te  le v e ls  of 620 and p.p*m* were apparently  too 

high to  be influenced by potassium . I t  was found th a t  i f  n i t r a te  was con­

sidered  alone, th ere  was a h igh ly  s ig n if ic a n t c o rre la tio n  (Table V II) be­

tween the  amount o f n i t r a te  furn ished and the t o t a l  number o f p lan ts  k i l le d  

by the  fungus. Such a c o rre la tio n  was s ig n if ic a n t a t  the $% po in t when 

potassium was s im ila r ly  considered (Table V III) . The symptoms displayed 

by the  d iseased  p lan ts  in  th is  experiment were ty p ic a l o f Fusarium w ilt  

in  a l l  re sp e c ts .

When the  preceding experiment was dup licated , the lower le v e ls  of 

n i t r a te  (100 and 272 p*p*m.) and of potassium (78 and 117 p*p*m.) were

om itted since experience aad shown th a t p lan ts  grown under these
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TABLE VUI
C o rre la tio n  Between the  Amount o f N itra te  in  the  N u trien t 

So lu tion  and the Number o f  Muskmelon P lan ts  K illed  
by Fusarium W ilt*

P*P*M* Potassium Number of P lan ts  K illed

78 28
117 21*
156 19
195 19

r  -  .9U8*

*  S ig n if ic a n t a t  th e  5% point*

n u tr i t io n a l  cond itions did  not make normal growth* Two new le v e ls  o f 

n i t r a te  were added, 868 . and 992 p*p*m*, and four new le v e ls  o f potassium, 

273, 35l» U29, and 507 p«p*m. The new potassium se r ie s  was used in  the  

hope th a t  r e s u l ts  comparable to  the  f i r s t  experiment might be obtained 

a t  le v e ls  o f n i t r a te  where the  p lan ts  made nozmal growth* Table XX shows 

th e  count of dead p lan ts  30 days a f t e r  inoculation* There was no cor­

re la t io n  between e i th e r  n i t r a te  or potassium le v e ls  and the t o t a l  m o rta lity .

TABLE IX

Number of P lan ts  K illed  by Fusarium W ilt 30 Bays A fte r Inoculation*
P lan ts  Grown in  Q uarts Sand Under Various Levels o f N itra te

and Potassium*

P.P*M* P.P.M. Potassium
N itra te ____________195 273 351 k29 507 T o ta l P lan ts Dead

hkl k 5 2 k 5 20
620 8 U 3 7 5 27
7Wt U 7 5 3 h 23
868 5 i» It 5 2 20
992 5 6 6 6 5 28

to ta l
P lan ts  Dead

26 26 20 25 21
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I t  might be s ig n if ic a n t  to  note th a t  th is  experiment was performed during 

th e  w in te r, whereas a l l  o th e r s im ila r  experiments were done during the 

sp ring  and summer months*

The follow ing summer another experiment was s ta rted *  This time le v e ls  

o f n i t r a te  and potassium were used which covered the  ranges e s tab lish ed  by 

the  preceding experiments ( n i t r a te  -  100, 1*1*7, 7l*l*> and 992 p .p .m .; potas­

sium -  78, 195, 351, and 507 p.p.m *). T h irty  days a f te r  inocu la tion  the 

p la n ts  were p u lled  from the  sand and ra te d  according to  the system developed 

fo r  th e  f i e ld  experiment (Table IV and Figures 1 to  I*).- The re s u l ts  which 

appear in  Table X show a h igh ly  s ig n if ic a n t  d ifference  e x is tin g  between 

th e  100 p.p .m . and the  UU79 7l*l*, 992 p.p.m . n i t r a te  le v e ls  bu t no s ig n i f i ­

cance fo r  potassium e ffe c ts  o r fo r  the  in te ra c tio n  between n i t r a te  and

TABLE X

E ffec t o f Inocu la tion  With Fusarium W ilt Organism on P lan ts 
Grown in  Quartz Sand Under Various Levels o f N itra te

and Potassium.

P.P.M. P.P.M. Potassium Mean Disease
N itra te 76 195 351 507 Rating Per P lan t

100 7 a / 60 80 85 5.8
1*1*7 I l f 97 118 127 l l .U
7Uh 136 132 77 122 11.7
99 2 112 100 80 11*0 10.8

Mean Disease 9*3 
Rating per P lan t

9.1 6.9 35*9

L.S.D. a t  po in t between means -  1*.2
L.S.D. a t  $% po in t between means - 2 . 2

a /  Basic f ig u res  rep resen t cumulative ra tin g  fo r  10 p la n ts .

potassium . C ultures were made from a l l  p lan ts  in  the  experiment ir re sp e c tiv e  

o f d isease r a t in g .  Fusarium was iso la te d  from every p la n t. The cu ltu res  

obtained were c la s s if ie d  in to  e ig h t d if fe re n t groups according to gross
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m orphological d ifferences*  R epresentative s tra in s  from each group were 

increased  and te s te d  fo r  pa thogen ic ity  on young muskmelon seedlings* A ll 

s t r a in s  were pathogenic except one group which was iso la te d  from two p lan ts  

out o f the 160 p lan ts  cultured*

Since i t  had been shown in  th e  previous experiment th a t  even apparen tly  

h ea lth y  p la n ts  were invaded by the Fusarium w il t  fungus, an experiment was 

s e t  up to  determine the ex ten t to which p lan ts  would be invaded when grown 

under d if fe re n t  n u tr i t io n a l  levels*  The data  (Table XI) shows a h igh ly  

s ig n if ic a n t  d ifference  between the  100 p*p*m. le v e l o f n i t r a te  and the 

1*1*7 and 714* p*p*m* le v e ls .  There was no sig n ifican ce  among any o f the 

le v e ls  o f potassium nor were th e re  any s ig n if ic a n t e f fe c ts  a r is in g  from 

the  in te ra c tio n  o f n i t r a te  and potassium*

TABLE XI

Cumulative Percent Invasion by the Fusarium W ilt Fungus o f the 
Hypocotyl of P lan ts  Grown on Various Levels o f  N itra te

and Potassium.

P*P.M.
N itra te

P.P.M. Potassium T otal
P ercen t^ / Invasion-itL ' _____195?_______. 273 _____

100 23 14* 116 183
14*7 139 81*3 72S 1707
714* 731 723 8*>8 2312

T otal P ercen t^ / 893 1610 1699
Invasion

L*S.D. a t  1% point between to ta l s  -  li*68
L*S.D. a t  5% po in t between to ta ls  -  1071*

a /  Represents t o t a l  o f $h p la n ts . 

F ie ld  Experiment

P repara to ry  to  inaugurating f i e ld  experiments, most o f Anne Arundel 

County was surveyed to  determine the  ex ten t of the d isease , in terview
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prospective  cooperato rs, and a sc e r ta in  the c u ltu ra l  procedures common to  

the  farms growing muskmelons* The f e r t i l i s e r  r a t io  most commonly used by 

the  eleven growers interview ed was 6-6-5* On the  m ajo rity  o f  the  farm s, 

lim e was seldom used and most o f the  s o i l  te s te d  was in  the  pH range of 

1*#5 to  5*5. In  one f i e ld  v is i te d  the  apparent r e s u l t  o f s o i l  a c id ity  was 

s tr ik in g  (F igure 6 ) .  This f i e ld  was divided in to  th ree  d e f in ite  sec tio n s: 

(1 ) a l l  p la n ts  hea lth y , s o i l  pH o f 5*5, (2) 9$% o f the p lan ts  dead from 

Fusarium w i l t ,  s o i l  pH 1**1, and (3) $0% of th e  p lan ts  dead o r severely  

a ffe c te d  w ith Fusarium w i l t ,  s o i l  pH of 1*.8. In  many o th er f ie ld s  v is i te d ,  

calcium and magnesium defic iency  symptoms were noted* Because of these  

observations, i t  was decided to include in  the  f i e ld  experiment limed p lo ts  

in  which the  pH would be ra ised  to  6*0, a le v e l co n sis ten t w ith th a t  recom­

mended fo r  muskmelon cu ltu re  (7 , 23)*

The data obtained (Table XU) showed h igh ly  s ig n if ic a n t d iffe rences 

between the lim ed and unlimed p lo ts*  There were no in te ra c tin g  a f f e c ts  

between lime and any of the  f e r t i l i z e r  r a t io s  used* The d ifference  between

TABLE XU

Amount o f Fusarium W ilt in  Muskmelon P lan ts Grown in  W ilt-In fe s ted  
S o il Modified by Lime and Various F e r t i l i z e r  R atios.

F e r t i l i z e r Mean Disease Rat'
h-d-8 h-8-12 h-d-16 i*-8-20 ing per P lan t

l iv e  2 9.1*2/ 21*1 16.8 16.7 ll*.8 3.95

No lime 1*3*8 25.8 21**7 29.8 16.7 5*63

Mean Disease 
Rating per 7*32 
P lan t

U.69 1**15 1**65 3.15

L.S.D. a t  p o in t between means 
L.S.D# a t  1% po in t between means 
L*S*D« a t  %% p o in t between means

fo r lime -  0.83 
fo r  f e r t i l i z e r s  -  
fo r  f e r t i l i z e r s  -

1.65
1.25

a t/  Basic f ig u res  in  ta b le  a re  cumulative averages o f 5 p lo ts .



th e  check f e r t i l i z e r ,  6 -6 -5 , and the  o th e r r a t io s  -was h ighly  s ig n if ic a n t 

th e re  was no sign ificance  w ith in  the  h% n itrogen  s e r ie s  except th a t  the 

U-8-20 r a t io  was s ig n if ic a n t ly  b e t te r  a t  the $% po in t than the ra t io s  

l*-8-8 and ii-8-16• Since th i s  i s  based on only one year* s r e s u l ts ,  the 

su p e rio rity  o f  th e  U-8-20 r a t io  may be more apparent than real*

E ffec t o f  N u trien t Solutions on Growth o f Fungus in  V itro .

In  the  n u tr ie n t  so lu tio n s , the  growth o f the Fusarium was c h ie f ly  

c o rre la te d  w ith the amount o f n i t r a te  present* The d iffe ren ces over-the 

n i t r a te  range were h igh ly  s ig n if ic a n t  (Table X III)* W ithin the  le v e ls  

o f potassium , 351 and 1|29 p.p.m* of potassium produced s ig n if ic a n tly  

( a t  1% p o in t) le s s  growth than  d id  the  273 p*p*m* level*  There was no 

d ifference  in  growth among so lu tions containing 195, 273, and 507 p.p.m* 

o f potassium*

TABLE X III

Weights of Fusarium W ilt Fungus Mats A fte r 10 Days 
Growth in  N utrien t Solutions Containing Various 

Amounts o f  N itra te  and Potassium*

P.P.M*
N itra te

P.P.M. Potassium Mean Weight 
(mg.) Per Flask195 273 351 1)29 507

liit? 3 k U / 1)05 3k3 388 kl3 9l).7
620 k9k~ 560 521* 559 U99 131.8
m 62 9 672 558 527 580 11)8.3
868 68U 721 626 62k 686 167.1
99k 765 71)5 789 672 810 189.0

Mean Weight ( mg 7) 
Per F3atsk
_________ ^ » 8 i5 5 .i____ U& A____1 2 M ____I k i s i_________

L.S.D. a t  1% po in t between means -  12*1 
L.S.D. a t  %  po in t between means -  9»b

a /  Basic fig u res  in  tab le  represen t to ta l  weight o f U Hflasks.
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The t o t a l  weights in  m illigram s o f the  Fusarium grown a t  th ree  le v e ls  

o f  pB was I 2U1 mg* a t  pH 3*3* 27k mg* a t  pH 6*0, and 585 mg* a t  pH 6*0*

The L*S«D* a t  the  1$ po in t fo r  these  to ta l  weights was c a lcu la ted  to  be 

12li*li mg* Thus, the  d iffe rence  in  weights between a l l  th ree  le v e ls  was 

h ig h ly  s ig n if ic an t*  The complete an a ly sis  o f variance o f th is  experiment 

appears in  Table XIV. I t  should be noted th a t  the  variance fo r  pH le v e ls  

i s  very large* In  order to  more f u l ly  evaluate the  e ffe c ts  o f pH on the 

growth o f  the  fungus in  th e  various le v e ls  o f n i t r a te  and potassium, the 

f ig u re s  w ith in  each pH s e r ie s  were analysed separately*  The da ta  are  

p resen ted  in  Tables XV, XVI, AND XVH* In these  ta b le s  the e f f e c ts  o f 

pH on growth a t  d if fe re n t  le v e ls  o f  n i t r a te  and potassium become clear*

At pH 3*3 th ere  was a  h igh ly  s ig n if ic a n t increase  in  growth o f the  fungus 

w ith  each increase  in  n i t r a te  leve ls*  At pH 6*0 no s ig n if ic a n t  increase 

in  growth occurred u n t i l  the  h ighest le v e l  o f n i t r a te  was a tta ined*  where­

as a t  pH 8*0 th e re  were no s ig n if ic a n t d ifferences in  to ta l  growth between

TABLE XIV

A nalysis o f Variance o f Experiment in  "Which the  Fusarium 
W ilt Organism was Grown fo r  Ten Days Under Various 

Levels o f N itra te  and Potassium W ithin Each 
o f  Three pH Series*

Source o f  V aria tion Degrees o f 
Freedom V a ria n c e "F“ Value

T otal 107
N itra te 2 1714.75 52.91*0**
Potassium 2 5.50 0.170
PH 2 6814.35 210.381***
NO3 x  X h 52-62 1.613
NO3 x  pH h 164.02 5.064**
K x  pH h 129.07 3.985**
NO3 i K x p H 8 21*1.24 7.1*48**
E rro r 81 32.39

** Denotes s ign ificance  a t  the  1 ^  point*
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TABLE XV

Growth o f  th e  Fusarium W ilt Fungus a t  pH 3 .3  Under 
Various Levels o f N itra te  and Potassium.

P.P*M* P*P*M,» Potassium Mean Weight (mg.)
N itra te 78 TK” 1'... 195 per Flask

100 99*/ 103 78 23.3
273 160“ 159 122 36*7
1*1*7 185 167 171 1*3*6

Mean Weight (mg*)
per f la s k 37.0  35.7 30.9

L«S«D* a t  1% p o in t between means -  6*8
L*S*D* a t  $% po in t between means - 5 . 0

a /  Basic f ig u res  in  tab le  rep resen t to ta l  weight from U flasks*

TABLE XVI

Growth o f  the  Fusarium W ilt Fungus a t  pH 6*0 Under 
Various Levels o f  N itra te  and Potassium.

P.P.M. P.P.M. Potassium Mean Weight (mg.)
N itra te 78 156 195 per F lask

100 -5 a / 9 1? 1*8
273 10 11 37 lw8
1*1*7 56 1*5 16*3

Mean Weight (mg*)
per f la s k 5*1 5*5 8*3

L.S.D. a t  1% po in t between means -  9.2
L.S.D. a t  5£ poin t between means -  6.8

a7 Basic fig u res  rep resen t t o t a l  weight from 1* f la s k s .

any o f the n i t r a te  leve ls*  When the pH was held a t 3*3* so lu tions contain­

ing 78 p.p.m . o f potassium produced s ig n if ic a n tly  ( a t  $% po in t) more growth 

than  d id  so lu tions containing 195 p*p*m* o f potassium* When the  fungus 

was grown a t  pH 6*0 and a t  pH 8*0, potassium lev e ls  had no e ffe c t  on to ta l  

growth.
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TABLE X V H

Growth o f th e  Fusarium W ilt Fungus a t  pH 8*0 Under 
Various Levels o f N itra te  and Potassium.

P.P.M. P.P.M • Potassium Mean Weight (mg.)
N itra te 75" “ 156 196 per Flask

100 57a/ 26 79 13.5>
273 7 r 61 73 17.3
liU7 78 73 6U 17.9

Mean Weight (mg.)
per f la s k 17 13.3 18.0

a /  Basic fig u res rep resen t to ta l  weights from L f la s k s »

Toxin Production by the  Fusarium W ilt Fungus in  V itro .

A ll o f the experiments f a i le d  to demonstrate the form ation o f  a tox in  

by th e  Fusarium in  v i t r o . The lo c a liz e d  ch lo ro sis  and necrosis which some­

tim es appeared on leaves in  f i l t r a t e s  from fungus so lu tio n s was no worse 

than  on leaves in  check so lu tio n s . There were instances when the fungus 

apparen tly  reduced the  inheren t to x ic i ty  of the  c u ltu re  so lu tio n . This 

i s  c le a r ly  shown in  Table XVIII and Figures 7 and 8 . E xtraction  w ith 95% 

e th y l alcohol and w ith  e th y l e th e r  f a i le d  to  reveal any substance not 

p resen t in  the  check so lu tio n s .

TABLE XVIH

E ffec t on Excised Tops o f  Young Muskmelon P lan ts A fter 
2k Hours in  F i l t r a t e  from 30-Day Old Culture 
o f Fusarium bulbigenum v a r . niveum f . 2

' 11111 111 11 Numbex* iSumber
Solu tion_______________D ilu tio n  P lan ts Turgid P lan ts  W ilting

C ulture f i l t r a t e 1/2 7 3
S te r i le  f i l t r a t e 1/2 2 8
Culture f i l t r a t e lA 8 2
S te r i le  f i l t r a t e iA 5 5
C ulture f i l t r a t e i /8 10 0
S te r i le  f i l t r a t e 1/8 s 5
Tap w ater 9 1
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DISCUSSION

Throughout the  course o f  th i s  study, a s tr ik in g  re la tio n sh ip  between 

n itro g en  n u tr i t io n  and the  behavior o f Fusarium bulbigenum var* niveun f*

2 has been observed* In  a l l  o f the  greenhouse inocu la tion  experiments, 

except one, an increase  o f  n itrogen  in  the  n u tr ie n t  so lu tio n  re su lte d  in  

a s ig n if ic a n t ly  g rea te r invasion  o f the  p lan t by the fungus and a la rge  

number o f p la n ts  k illed *  There i s  l i t t l e  evidence th a t potassium plays 

any p a r t  i n  inducing re s is tan c e  to  the  d isease when n itrogen  and potas­

sium are balanced and in  amounts s u f f ic ie n t  fo r  normal growth o f the  musk­

melon p lan t*  In  the f i e ld  experiment the h igh ly  s ig n if ic a n t  reduction  in  

th e  amount o f d isease occurred between the  6-6-5 and the ii-8-8, it-8-12, 

li-8-16,and U-8-20 f e r t i l i s e r  ra tio s*  W ithin th e  h% n itrogen  ra t io s  th e re  

were no h igh ly  s ig n if ic a n t  d ifferences*  I t  seems probable, th e re fo re , 

th a t  the  f i e ld  r e s u l ts  can be a tt r ib u te d  m ainly to  the  reduction  o f the  

percentage of n itrogen  in  the r a t io s  ra th e r  than to  an increased  percen t­

age o f potassium*

The n u t r i t io n  s tud ies  o f the  Fusarium in  v i tro  in d ica te  th a t  n itrogen  

i s  the  im portant element governing growth o f  the  fungus* Cox (5) in  h is  

s tu d ie s  on the h o s t-p a ra s ite  re la tio n sh ip  o f  muskmelon w ilt  found th a t  the 

fungus en te rs  the  roo ts and in h ab its  the  xylem p rim arily  during the e a r ly  

stages o f the  d isease , although, o th e r tis su e s  are  invaded la te r*  I t  ap­

p e a rs , then , th a t  the Fusarium must depend la rg e ly , a t  l e a s t  in  the e a r ly  

stages o f in fe c tio n , on elements in  the xylem stream fo r  i t s  n u tritio n *  

Thus, i t  i s  possib le  th a t  an abundance o f soluble fom s o f n itrogen  in  the  

xylem could in fluence  the ex ten t of invasion*

The p o s s ib i l i ty  th a t  an abundance o f n itrogen  makes h ost c e l ls  more 

su scep tib le  to  invasion  by the p a ra s ite  cannot be overlooked* Host c e l ls
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might a lso  be rendered more su scep tib le  to  tox ic  substances o r by-products 

of metabolism which might be produced by the  fungus or by an in te ra c tio n  

between the  fungal hyphae and the host c e lls*

During the  course of t h i s  study, responses in  -w ilt-d iseased p lan ts  

in d ic a te d  th a t  to x in s were produced* Figure 9 shows evidence of th is  

p a r t ic u la r ly  in  the  severe ly  a ffe c te d  le a f  where microscopic in v e s tig a tio n  

o f the  v e in s , mesophyll, and p e tio le  showed no fungal hyphae or spores 

p re se n t. O rig in a lly , i t  was planned to  t e s t  the  e f fe c t  of tox in  produced 

by the  fungus in  v i tro  on excised p lan ts  which had been grown on d if fe re n t 

le v e ls  o f n itro g en  and potassium . S ince, under the  experim ental conditions 

recorded h e re , a de tectab le  to x in  was not obtained i t  i s  f e l t  th a t  the 

i n i t i a t i o n  of to x in  form ation may depend on some substance found only in  

liv in g  p lan t c e l ls ;  o r the  fungus may produce in  the p lan t a non-toxic 

p r in c ip le  which in  tu rn  i n i t i a t e s  an irre v e rsa b le  tox ic  reac tio n  in  the 

p la n t c e lls*  TKfhatever the end product i s ,  i t  must be d iffu sab le  through 

the  p lan t in  o rder to  account fo r  the  le a f  symptoms -vhich are charac ter­

i s t i c  of the disease*

The e ffe c ts  of pH on the  amount of d isease p resen t in  the f i e ld  ex­

periment p a ra l le ls  the work of Sherwood (18) and S co tt (17) nho obtained 

s im ila r  r e s u lts  irk in g  with tomato w i l t  caused by Fusarium ly c o p e rs ic i#

The f i e ld  r e s u l ts  -vith lime are a lso  c o rre la ted  -with the data obtained 

in  the  lab o ra to ry  where the fungus in  v i tro  made the poorest growth when 

held  a t  a pH of 6*0. Since there  was no s ig n if ic a n t in te ra c tio n  between 

lime and any of the f e r t i l i z e r  r a t io s ,  i t  i s  possib le  th a t  the  lowered 

d isease  index in  the limed p lo ts  re su lte d  from in h ib itin g  the growth of 

the  fungus in  the  s o i l  o r in  lowering i t s  v iru len ce . I t  i s  recognized, 

however, th a t  muskmelons grow b est when the s o i l  reac tio n  i s  s l ig h t ly  acid  

or n e u tra l (10,23)# That muskmelons have a high calcium requirement i s
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a lso  -well known (lU , 25)# Some of the  b e n e fic ia l e f fe c ts  o f lim e, 

th e re fo re , may have come from providing the  p lan ts  w ith s o i l  conditions 

th a t  rrere more n e a rly  optimum.

sxrnma

The observations obtained from greenhouse and f i e ld  experiments in d i­

cate  th a t  high le v e ls  o f n itrogen  r e s u l t  in  a s ig n if ic a n t ly  g rea te r inva­

sion  o f muskmelon p lan ts  by the  pathogen (Fusarium bulbigenum (Cke. and 

M ass.) v a r . niveum Wr* f .  2) and a la rg e r  number of p lan ts  k i l le d .  There 

■was l i t t l e  evidence th a t  potassium plays any p a rt in  inducing re s is tan c e  

to  th e  d isease  when n itrogen  and potassium are balanced and in  amounts 

s u f f ic ie n t  f o r  normal growth of the  muskmelon p la n t .  In  v i tro  the patho­

gen made more t o ta l  growth as the n itrogen  conten t o f the medium was in ­

creased; however, l i t t l e  c o rre la tio n  was observed between to ta l  growth 

and potassium supply.

The a d d itio n  of lime to  th e  s o i l  in  an amount s u f f ic ie n t  to  ra is e  

the  s o i l  pH to  6 .0  s ig n if ic a n t ly  reduced the  amount of d isease in  the 

f i e ld  p lo ts .  P a rt o f the  reduction  may be a ttr ib u ta b le  to  th e  change in  

pH s in c e , in  v i t r o , the growth of the  pathogen was d ra s t ic a l ly  in h ib ite d  

when the  pH of the medium was held  a t  6 .0 .

The experimental procedures followed in this investigation failed to 
demonstrate the formation of a toxin by the pathogen in vitro.
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Figure 1
Diagram of a  muskmelon p la n t in fe c te d  w ith  

Fusarium w il t  and given a d isease  r a t in g  of 7

Figure 2

Diagram of a muskmelon p la n t in fe c te d  w ith  

Fusarium w il t  and given a d isease  ra t in g  o f 13
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Figure 3

Diagram of a muskmelon p la n t in fe c te d  w ith  

Fusarium w il t  and given a  d isease  ra t in g  of 17

Figure k

Diagram of a muskmelon p la n t in fe c te d  w ith  

Fusarium w il t  and given a  d isease  ra t in g  o f 19
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Figure 5

R esu lts of greenhouse experiment in  which muskmelon 

p la n ts , grown on various n i t r a te  and potassium  le v e ls ,  

were inocu lated  w ith  Fusarium bulbigenum v a r. niveum f*
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Figure 6
Muskmelon field in which Fusarium wilt was present* The soil 

in the left foreground where 5>0% of the plants were wilt-infected 
had a pH of H*8* In the center where of the plants were dead 
from wilt the soil pH was lt.*l. In the right background where all 
plants were apparently healthy the soil pH was
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FIGURE 6



Figure 7

Leaves from excised muskmelon p la n ts  "which had been held  in  

Leonian* s so lu tio n  fo r  72 hours. Leaf on r ig h t  from tap  w ater 

check p la n t .

Figure 8

Leaves from excised muskmelon p lan ts  which had been held  fo r  

72 hours in  a f i l t r a t e  from a Fusarium c u ltu re  grown in  Leonian»s 

so lu tio n  fo r  96 hours in  shake c u ltu re . Leaf on r ig h t  from tap  

water check.
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FIGURE 7

FIGURE 8



Figure 9

Leaves from muskmelon p la n t invaded by Fusarium bulbigenum 

v a r. niveum f • 2 . Leaf a t  lower r ig h t  was c lo s e s t  to  base o f p la n t . 

Microscopic examination of th is  le a f  showed no hyphae o r spores of 

the  pathogen p re se n t. Leaf from healthy  p la n t shown in  upper l e f t  

co rner. Photograph taken by tran sm itted  l ig h t  a f te r  a l l  leaves had 

been soaked in  d i s t i l l e d  water fo r  12 hours.
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FIGURE 9


