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INTRODUCTION

R oot  r o t s  o f  s t r a w b e r r y  h a v e  b e e n  r e c o g n i z e d  a s  a  

s e r i o u s  d i s e a s e  p r o b l e m  i n  m o s t  a r e a s  w h e re  t h e  p l a n t  i s  

e x t e n s i v e l y  c u l t i v a t e d .  Humphrey (1 9 )  s t a t e d  t h a t  i n  1935  

b l a c k  r o o t ,  t h e  more  g e n e r a l l y  d i s t r i b u t e d  t y p e  o f  t h i s  

d i s e a s e ,  was r e p o r t e d  f rom  f i f t e e n  s t a t e s  c a u s i n g  l o s s e s  

r a n g i n g  f ro m  a  m ere  t r a c e  t o  f i f t y  p e r  c e n t .  I n  M a r y l a n d  

i t  was t h e  m o s t  s e r i o u s  s t r a w b e r r y  d i s e a s e ,  f i f t y  p e r  c e n t  

o f  t h e  p l a n t s  b e i n g  k i l l e d  i n  t h e  m o s t  s e v e r e  c a s e s .  A 

g e n e r a l  s u r v e y  o f  s t r a w b e r r y  p l a n t i n g s  i n  M a r y l a n d  h a d  b e e n  

made b y  D r .  J .  W* H e u b e r g e r  i n  193 4  a n d  a  number o f  f u n g i  

h a d  b e e n  i s o l a t e d  f r o m  d i s e a s e d  p l a n t s  b y  P r o f e s s o r  C. E* 

T e m p le .  T h e s e  i s o l a t e s  w e r e  i n  p a r t  p r o v i s i o n a l l y  i d e n t i ­

f i e d  b y  D r .  J .  B. S .  N o r t o n  p r e v i o u s  t o  t h e  t i m e  t h e  w r i t e r  

was a s s i g n e d  t o  t h e  p r o b l e m .  Of t h e  i d e n t i f i e d  i s o l a t e s  con  

s i d e r e d  p o s s i b l e  p a r a s i t e s  s p e c i e s  o f  F u s a r i u m  w e re  p red o m ­

i n a n t  .

D u r i n g  t h e  g r o w i n g  s e a s o n  o f  1935  t h e  w r i t e r  made a n  

i n t e n s i v e  s u r v e y  o f  a r e a s  on t h e  E a s t e r n  S h o r e  o f  M a r y la n d  

w h i c h  w ere  r e p o r t e d  t o  b e  I n f e c t e d  w i t h  r o o t  r o t .  D i s e a s e d  

s p e c i m e n s  a n d  s a m p le s  o f  s o i l  f ro m  i n f e c t e d  a n d  n o n - i n f e c t e d  

a r e a s  w e re  t a k e n  f rom  t h i r t y  f i v e  l o c a t i o n s  b e tw e e n  M arch  15 

a n d  J u l y  1 ,  1 9 3 5 .  I s o l a t i o n s  f ro m  d i s e a s e d  s p e c im e n s  y i e l d ­

ed  s i x t y - f i v e  c u l t u r e s .  Of t h e s e  o n l y  t w e n t y - o n e  p r o d u c e d  

s p o r e s  o r  o t h e r  c h a r a c t e r s  w h i c h  a l l o w e d  c l a s s i f i c a t i o n  t o  

g e n u s .  Of t h e s e ,  F u s a r i u m  o r t h o c e r a s  a p p e a r e d  m os t  f r e q u e n t  

l y .  T h i s  o r g a n i s m  was s e l e c t e d  f o r  f u r t h e r  s t u d i e s  and  was
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p r o v i s i o n a l l y  i d e n t i f i e d  by 0 .  D* S h e r b a k o f f  a s  F u s a r i u m  

o r t h o c e r a s  App. e t  Wr* v a r*  l o n g i u s  ( S h e r b * )  Wr* I t  h a s  

b e e n  r e p o r t e d  ( 3 9 )  i n  p o t a t o ,  o n i o n ,  b e e t ,  c u c u r b i t s ,  a n d  

g r a s s e s  i n  t h e  U n i t e d  S t a t e s  a n d  i n  E uro pe*  The s o i l  

s a m p le s  w e r e  s u b m i t t e d  t o  Dr* Thomas,  o f  t h e  D e p a r t m e n t  o f  

Agronomy, f o r  a n a l y s e s *  R e s u l t s  o f  t h e s e  a n a l y s e s  i n d i c a t e d  

t h a t  t h e  d i s e a s e  was m ore  p r e v a l e n t  a n d  s e r i o u s  among p l a n t s  

on s o i l s  low  i n  a v a i l a b l e  n u t r i e n t s  t h a n  on more  f e r t i l e  

s o i l s *  As a  r e s u l t  o f  t h e s e  o b s e r v a t i o n s  t h e  w o r k  h e r e i n  

d e s c r i b e d  was u n d e r t a k e n *
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REVIEW OP LITERATURE

H e a l d  (1 8 )  r e p o r t e d  i n j u r y  t o  s t r a w b e r r y  r o o t s  b y  

R h i z o c t o n i a  i n  1 9 2 1 .  S i n c e  t h a t  t i m e  n u m ero u s  r e p o r t s  o f  

o r g a n i s m s  a t t a c k i n g  a n d  i n j u r i n g  s t r a w b e r r y  r o o t s  h a v e  

a p p e a r e d *  I n  E n g l a n d  A k e n h ea d ,  H a r r i s ,  B e r k e l e y  a n d  M assee  

(1 )  r e v i e w e d  t h e i r  own and  o t h e r f s w o r k  u p  t o  19 3 4  on d e ­

g e n e r a t i o n  o f  s t r a w b e r r i e s .  I n  t h i s  r e v i e w  B e r k e l e y  g i v e s  

d e s c r i p t i o n s  o f  t h e  tw o  c h i e f  t y p e s  o f  r o o t  r o t  a n d  m e n t i o n s  

e l e v e n  o r g a n i s m s  w h i c h  h a v e  b e e n  f o u n d  a s s o c i a t e d  w i t h  th em .  

B e r k e l e y  a n d  L au d e r -T h o m p so n  (6 )  i n  C anada  r e p o r t e d  p o s i ­

t i v e  p a t h o g e n i c i t y  t e s t s  f o r  f i v e  o r g a n i s m s  i n c l u d i n g  

F u s a r i u m  o r t h o c e r a s . T r u s c o t t  ( 3 3 )  l i s t e d  t e n  o r g a n i s m s  

w h i c h  he  f o u n d  c o n c e r n e d  i n  r o o t  r o t s  o f  s t r a w b e r r y *  Darrow 

(1 0 )  r e v i e w e d  t h e s e  a n d  o t h e r  w orks  a n d  p o i n t e d  o u t  t h e  

c o m p l e x i t y  o f  t h e  p ro b lem *  S t r o n g  a n d  S t r o n g  (31 )  d e s c r i b e d  

t h e  b l a c k  r o o t  d i s e a s e  a s  a c o r t e x  d e s t r o y i n g  t r o u b l e  an d  

p r o v e d  t h e  p a t h o g e n i c i t y  o f  two o r g a n i s m s ,  ( a l s o  f o u n d  b y  

C a n a d i a n  a n d  E n g l i s h  w o r k e r s ) ,  H a n e s i a  l y t h r i  a n d  C o n i o t h y -  

r i u m  f u c k e l i i * A n d e r s o n  (2 )  d e s c r i b e d  a  s t e l e  d e s t r o y i n g  

d i s e a s e  w h i c h  h e  named ub l a c k  s t e l e * 1. T h i s  d i s e a s e  was 

c a u s e d  by a n  u n i d e n t i f i e d  Phycom yce te*  T h i s  t y p e ,  o r  one 

v e r y  s i m i l a r  t o  i t ,  h ad  a l s o  b e e n  m e n t i o n e d  by  t h e  E n g l i s h  

w o r k e r s .  I t  h a s  b e e n  f o u n d  i n  t h r e e  l o c a l i t i e s  i n  M a r y l a n d  

b y  t h e  w r i t e r  ( 2 0 ) .  The o r g a n i s m  i s  a p p a r e n t l y  s t r i c t l y  

p a r a s i t i c  a n d  d o e s  n o t  p r i m a r i l y  c a u s e  b l a c k e n i n g  o r  l e s i o n s  

on t h e  c o r t e x ,  b u t  d e s t r o y s  t h e  s t e l e ,  a s  shown i n  P l a t e  1 .
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Where p r e s e n t ,  i t  i s  more s e r i o u s  t h a n  t h e  b l a c k  r o o t ,  o r  

b l a c k  l e s i o n ,  t y p e  a s  shown i n  P l a t e s  2 a n d  3 ,  an d  a s  e a r l y  

l e s i o n s  i n  P l a t e s  4 a n d  5* P l a k i d a s  (28 )  d e s c r i b e d  a  r o o t  

r o t  d u e  t o  a  P y th iu m  sp* i n  L o u i s i a n a *  P y th iu m  spp* a r e  a l s o  

r e p o r t e d  by  t h e  C a n a d i a n  a n d  B r i t i s h  w o r k e r s  a n d  w e re  i d e n t i ­

f i e d  by  D r .  J .  B* S* N o r t o n  i n  i s o l a t e s  o b t a i n e d  f r o m  d i s e a s e d  

r o o t s  i n  M ary lan d*  N o la n  (2 7 )  fo u n d  a  D i p l o d i a  s p .  e x t r e m e l y  

p a t h o g e n i c *  O t h e r  o r g a n i s m s  i n c l u d i n g  S c l e r o t i u m  r o l f s i i ,

C o l l e t o t r i c h u m  f r a g a r i a e  a n d  s e v e r a l  b a c t e r i a  h a v e  b e e n  

r e p o r t e d  ( 1 0 ) ,  b u t  t h e s e  a p p e a r  t o  b e  i n c i d e n t a l  o r  c o n c e r n e d  

l a r g e l y  i n  t r o u b l e s  o f  p l a n t  p a r t s  o t h e r  t h a n  t h e  r o o t s *

W h i te  (3 7 )  d e s c r i b e d  m y c o r r h i z a  on s t r a w b e r r y  r o o t s .  M y c o r r h i z - .  

a l  f u n g i  have  b e e n  d i s c u s s e d  a l s o  by t h e  B r i t i s h  w o r k e r s  men­

t i o n e d  a b o v e  a n d  a p p a r e n t l y  c o n s i d e r e d  f a c t o r s  i n  t h e  e t i o l o g y  

o f  b l a c k  r o o t  r o t .

B a l l  a n d  Mann (5 )  a n d  Mann a n d  B a l l  (2 3 )  s t u d i e d  t h e  

c h a n g e s  o c c u r r i n g  i n  t o p s  a n d  r o o t s  o f  s t r a w b e r r y  p l a n t s  

o v e r  a p e r i o d  o f  more t h a n  two y e a r s  a n d  f o u n d  t h a t  d u r i n g  

dorm ancy  many f i b r o u s  r o o t s  w e r e  l o s t  a n d  t h a t  w i t h  a g e  t h e  

c o r t e x  o f  a l l  r o o t s  becam e  d a r k e r  i n  c o l o r  a n d  m ig h t  b e  l o s t  

due  t o  f o r m a t i o n  o f  s e c o n d a r y  t h i c k e n i n g *  S u c h  c h a n g e s  a r e  

g r a d u a l  a n d  n o t  t o  b e  c o n f u s e d  w i t h  t h e  b l a c k  a n d  s u n k e n  

l e s i o n s  c a u s e d  by  t h e  b l a c k  r o o t  d i s e a s e .  The a n a t o m i c a l  

d e v e l o p m e n t  o f  t h e  s t r a w b e r r y  a s  w o rk e d  o u t  by W hite  (36 )  

e s s e n t i a l l y  c o n f i r m s  t h e  d e v e l o p m e n t a l  o b s e r v a t i o n s  o f  B a l l  

a n d  Mann.

Much d a t a ,  f r e q u e n t l y  c o n f l i c t i n g ,  h a s  b e e n  p r e s e n t e d



on t h e  p r o b l e m  o f  p r o p e r  f e r t i l i z e r s  f o r  s t r a w b e r r y  p l a n t s • 

I n  g e n e r a l ,  t h e  f i n d i n g s  o f  C h a n d l e r  ( 7 ) ,  1 9 1 5 ,  h a v e  p r o v e n  

c o r r e c t *  T h i s  w o r k e r  f o u n d  t h a t  n i t r a t e  and  p o t a s h  f e r t i ­

l i z e r s  i n  t h e  s o i l  w e re  s o m e t im e s  d e t r i m e n t a l  t o  s t r a w b e r r i e  

w h e r e a s  p h o s p h a t e s  w e r e  d i s t i n c t l y  b e n e f i c i a l *  D a v i s ,  H i l l  

a n d  J o h n s o n  (1 1 )  f o u n d  by  s a n d  c u l t u r e  t r i a l s  t h a t  p o t a s s i u m  

d e f i c i e n c y  was c o r r e l a t e d  w i t h  w i n t e r  i n j u r y *  T h e s e  w o r k e r s  

a l s o  f o u n d  t h a t  p o t a s s i u m  h a d  a  m a r k e d  e f f e c t  on c a r b o h y d r a t  

s t o r a g e *  W i t h d r a w a l  o f  t h i s  e l e m e n t  g a v e  a m ark e d  r e d u c t i o n  

i n  c a r b o h y d r a t e  w h i l e  t h e  a d d i t i o n  o f  p h o s p h o r u s  b r o u g h t  

a b o u t  a  s i m i l a r  r e s u l t *  C om m erc ia l  g r o w e r s  o f  s t r a w b e r r i e s  

a v o i d  t h e  u s e  o f  p o t a s h  and  u s e  l i t t l e  n i t r a t e  a s  com pared  

w i t h  p h o s p h a t e s .  M o r r i s  a n d  C r i s t  (2 6 )  fo u n d  s t r a w b e r r y  

p l a n t  g r o w t h  s a t i s f a c t o r y  i n  c u l t u r e  s o l u t i o n s  h a v i n g  r e ­

a c t i o n s  f r o m  5*0 t o  7*0 ,  b u t  optimum a t  pH 5*7 t o  pH 6*0* 

Meyer  (2 5 )  f o u n d  pH 5*0 t o  5*5 optimum d u r i n g  d r y  w e a t h e r *  

W altman (35)  f o u n d  g r o w t h  t o  b e  b e s t  a t  pH 5*3 t o  5*5 a n d  

t h a t  a c i d i t y  a t  pH 4 was more  h a r m f u l  t h a n  a l k a l i n i t y  a t  

pH 8* C l a r k  (8 )  h a s  more  r e c e n t l y  shown t h a t  opt imum pH 

d e p e n d s  on t y p e  o f  f e r t i l i z e r  u s e d  s i n c e  w i t h  t h e  u s e  o f  

c a l c i u m  n i t r a t e  pH 4*6 was opt imum, w h i l e  w i t h  t h e  u s e  o f  

ammonium s u l p h a t e  t h e  optimum r e a c t i o n  was a t  pH 6*4*

W h i t e h o u s e  (38)  f o u n d  f rom  3*26  t o  25*98  p e r  c e n t  

s t a r c h  i n  s t r a w b e r r y  r o o t s .  Greve  (1 6 )  f o u n d  o n l y  l i t t l e  

o r  no s t a r c h  i n  s i m i l a r  m a t e r i a l .  The w r i t e r  h a s  n o t  made 

s t a r c h  d e t e r m i n a t i o n s ,  b u t  by t h e  u s e  o f  i o d i n e - p o t a s s i u m
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i o d i d e  s t a i n s  h a s  o b s e r v e d  s t a r c h  d e p o s i t s  i n  t h e  c o r t e x ,  

e n d o d e r m i s ,  a n d  s t e l a r  p a re n c h y m a  o f  r o o t s  f ro m  p l a n t s  i n  a l l  

o f  t h e  s o i l  t r e a t m e n t s  u s e d  (shown i n  P l a t e  6 ) ,

T h e re  i s  c o n s i d e r a b l e  e v i d e n c e  i n  t h e  l i t e r a t u r e  t o  

show t h a t  s u s c e p t i b i l i t y  o f  p l a n t s  t o  d i s e a s e  may be m o d i ­

f i e d  b y  e n v i r o n m e n t a l  f a c t o r s ,  i n c l u d i n g  m i n e r a l  n u t r i t i o n .  

R o b e r t s  (89) r e p o r t s  t h a t  b l a d e  r o o t  o f  s t r a w b e r r i e s  may be 

e f f e c t i v e l y  r e d u c e d  by  m u l c h i n g  t h e  b e d s  i n  w i n t e r .  Conant  

(9)  was a b l e  t o  d e m o n s t r a t e  t h a t  t h e  r a t e  o f  g r o w t h  and  

a b i l i t y  t o  fo rm  c o r k  w ere  c o r r e l a t e d  w i t h  r e s i s t a n c e  i n  

t o b a c c o  t o  Th i e l a v i a  b a s i c o l a . Thomas (32) f o u n d  t h a t  

t o b a c c o  was more s e v e r e l y  i n j u r e d  by  b row n  r o o t '  r o t  on s o i l s  

low i n  n i t r a t e  n i t r o g e n  and  h y p o t h e s i z e d  t h a t  c e l l u l o s e  

d e c o m p o s in g  f u n g i  a t t a c k e d  w eakened  p l a n t s  a s  a s o u r c e  o f  

n i t r o g e n .  Mathews (24) l a t e r  d e m o n s t r a t e d  c o n c l u s i v e l y  

t h a t  t h e  c a r b o h y d r a t e  /  n i t r a t e - n i t r o g e n  r a t i o  i n  s o i l s  was 

a  h i g h l y  s i g n i f i c a n t  f a e t o r  i n  d e t e r m i n i n g  t h e  s e v e r i t y  o f  

b ro w n  r o o t  r o t  ( c a u s e d  by  R h i z o c t o n i a  b a t a t i c o l a ) on  t o b a c c o .  

D i c k s o n  (12). ,  D i c k s o n ,  L in k  and D i c k s o n  ( 1 3 ) ,  and  E c k e r s o n  

a n d  D i c k s o n  (14) d e m o n s t r a t e d  a  r e l a t i o n s h i p  b e t w e e n  c h e m i c a l  

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

l i n g  b l i g h t .  I n  t h e i r  w ork  s u g a r s  p l a y e d  a n  i m p o r t a n t  r o l e .  

S p i n k s  (30) showed t h a t  n i t r o g e n  s u p p l y  was a n  i m p o r t a n t  

f a c t o r  i n  d e t e r m i n i n g  t h e  s u s c e p t i b i l i t y  o f  w h e a t  t o  powdery  

m i l d e w .  F o rw a rd  (15) f o u n d  t h a t  a l t e r e d  h o s t  m e t a b o l i s m  

i n f l u e n c e s  t h e  t y p e  o f  i n f e c t i o n  w i t h  P u c c i n i a  g r a m i n i s . 

V a l l e a u  an d  c o - w o r k e r s  (34) r e p o r t e d  t h a t  t h e  r a t e  o f  c o n -
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s u m p t i o n  o f  r e s e r v e  f o o d s  by  c l o v e r s  d u r i n g  w i n t e r  i n f l u e n c e d  

t h e i r  s u s c e p t i b i l i t y  t o  a t t a c k  by  S c l e r o t i n i a  t r i f o l i o r u m * 

L i n k  a n d  W i l c o x  ( 2 2 )  r e c e n t l y  d e m o n s t r a t e d  a  d e f i n i t e  r e ­

l a t i o n s h i p  b e t w e e n  n i t r o g e n - e a r b o h y d r a t e  n u t r i t i o n  o f  S taym an  

a p p l e  t r e e s  a n d  t h e i r  s u s c e p t i b i l i t y  t o  f i r e  b l i g h t *
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MATERIALS AND METHODS 

P l a n t  T r e a t m e n t  

S i x  h u n d r e d  r e c e n t l y  r o o t e d  f i e l d  g row n s t r a w b e r r y  

p l a n t s  o f  t h e  P r e m i e r  v a r i e t y  w e re  o b t a i n e d  f r o m  t h e  

W* F* A l l e n  Co.*  S a l i s b u r y ,  M a r y l a n d ,  i n  O c t o b e r ,  1935*

T h e s e  p l a n t s  w e r e  w a s h e d  c l e a n  a n d  c a r e f u l l y  exam ined*

Only  p l a n t s  w i t h  d i s e a s e - f r e e  r o o t  s y s t e m s  w e r e  s e l e c t e d *  

Twenty  p l a n t s  w e r e  s e t  i n  e a c h  o f  t h i r t y  24 X 16 X 6 i n c h  

f l a t s *  The s a n d  i n  w h i c h  t h e  p l a n t s  w e r e  s e t  was o b t a i n e d  

f rom  a  b a r r e n  f i e l d  on t h e  E x p e r i m e n t  S t a t i o n  Farm* T h i s  

s a n d  g a v e  n e g a t i v e  t e s t s  f o r  a v a i l a b l e  n u t r i e n t s  a s  d e t e r ­

m in e d  b y  s p o t  p l a t e  t e s t s  made by  t h e  D e p a r tm e n t  o f  A g ro ­

nomy. T h a t  i t  was n o t  e n t i r e l y  d e v o i d  o f  n u t r i e n t s  was 

shown by  t h e  f a c t  t h a t  p l a n t s  s u b s e q u e n t l y  g re w  on i t  f o r  

s e v e r a l  m o n th s  w i t h o u t  t h e  a d d i t i o n  o f  f e r t i l i z e r *  The 

t h i r t y  f l a t s  w e r e  t h e n  d i v i d e d  i n t o  t e n  s e t s ,  o r  p l o t s ,  o f  

t h r e e  e ach *  One s e t  o f  t h r e e  f l a t s  was f i l l e d  w i t h  a  r i c h  

loam  s o i l *  E ach  o f  t h e  r e m a i n i n g  n i n e  s e t s  was g i v e n  a 

d i f f e r e n t  t r e a t m e n t  a s  i n  T a b l e  I*

The f e r t i l i z e r  m i x t u r e s  u s e d  w e re  made u p  o f  f i s h  

m ea l  o f  known a n a l y s i s ,  20 p e r c e n t  c o m m e r c i a l  s u p e r p h o s p h a t e ,  

c h e m i c a l l y  p u r e  so d iu m  n i t r a t e  a n d  p o t a s s i u m  c h l o r i d e  t o  t h e  

d e s i r e d  N-P-K r a t i o s *  Where a  6 - 6 - 5  m i x t u r e  was d e s i r e d  a  

c o m m e r c i a l  f i s h  m e a l  b a s e  r e a d y  m ixed  f e r t i l i z e r  was u se d *

The l i m e  u s e d  was a  h i g h  c a l c i u m  h y d r a t e d  p r o d u c t  a n d  t h e  

s u l p h u r  was w a s h e d  u n i n o c u l a t e d  f l o w e r s  o f  s u l p h u r .
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TABLE I .

P l a n  o f  P l o t  T r e a t m e n t

P l o t  No* T r e a t m e n t

I F e r t i l e  loajn s o i l

I I San d  w i t h o u t  a d d i t i o n

I I I S and  p l u s  6 - 6 - 5  f e r t i l i z e r 1

IV San d  p l u s  6 - 6 - 5  f e r t i l i z e r ,  h e a v i l y  w a t e r e d

V
2

Sand  p l u s  w e l l - r o t t e d  m anure

VI S and  p l u s  1 0 - 6 - 4  f e r t i l i z e r

V I I S an d  p l u s  2 - 1 2 - 4  f e r t i l i z e r

V I I I S an d  p l u s  2 - 6 - 1 0  f e r t i l i z e r

IX Sand  p l u s  6 - 6 - 5  p l u s  l i m e ^

• X 4San d  p l u s  6 - 6 - 5  p l u s  s u l p h u r

A l l  f e r t i l i z e r  e x c e p t  m an u re  u s e d  a t  r a t e  o f  1 , 0 0 0  lb *  
p e r  A.
At r a t e  o f  20 t o n s  p e r  A*

3* H y d r a t e d  l i m e  a t  r a t e  o f  1 , 0 0 0  lb *  p e r  A.
4 .  F l o w e r s  o f  s u l p h u r  a t  r a t e  o f  600 lb *  p e r  A*

The f e r t i l i z e r s ,  m a n u r e ,  l im e  a n d  s u l p h u r  w e re  a d d e d  t o  t h e  

am ount  o f  s a n d  n e c e s s a r y  t o  f i l l  t h r e e  f l a t s ,  t h o r o u g h l y  m ix e d  

i n  b y  r e p e a t e d  s h o v e l i n g ,  a n d  p l a c e d  i n  t h e  f l a t s  b e f o r e  t h e  

p l a n t s  w e r e  s e t *  The f l a t s  w e r e  s e t  on a r a i s e d  g r e e n h o u s e
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b e n c h  on g r a v e l *  The g r e e n h o u s e  t e m p e r a t u r e  c o u l d  n o t  b e  

a c c u r a t e l y  c o n t r o l l e d *  The mean t e m p e r a t u r e  t h r o u g h o u t  t h e  

p e r i o d  o f  t h e  t e s t s  f o r  b o t h  y e a r s  w as  a p p r o x i m a t e l y  6 0 °F .  

a s  m e a s u r e d  b y  t h e r m o g r a p h i c  r e c o r d  a n d  b y  maximum-minimum 

t h e r m o m e t e r  r e c o r d s *  W a t e r i n g  w as  d o n e  by m eans  o f  a s m a l l  

s p r i n k l i n g  can*  F o u r  l i t e r s  w e re  a p p l i e d  p e r  f l a t  e a c h  week 

e x c e p t  d u r i n g  p e r i o d s  o f  v e r y  low h u m i d i t y  when more was r e ­

q u i r e d .  P l o t  IV r e c e i v e d  d o u b l e  t h e  amount o f  v / a t e r  g i v e n  

t h e  o t h e r s  a n d  was k e p t  i n  a  v e r y  w e t  c o n d i t i o n  t h r o u g h o u t .  

G row th  r e c o r d s  w e re  k e p t  by  m eans  o f  l e a f  c o u n t s  a t  p e r i o d i c  

i n t e r v a l s .  A f t e r  f i f t y - f o u r  d a y s  tw o  f l a t s  o f  e a c h  p l o t  

w e r e  i n o c u l a t e d ,  w h i l e  t h e  t h i r d  was l e f t  u n i n o c u l a t e d  a s  a 

ch eck *  I n  1935  one o f  t h e  two f l a t s  p e r  p l o t  was i n o c u l a t e d  

w i t h  a  c u l t u r e  o f  F u s a r i u m  o r t h o c e r a s  va r*  l o n g i u s  a n d  t h e  

o t h e r  w i t h  s o i l  f rom  an  i n f e c t e d  p l a n t i n g ,  i n  1936  b o t h  

i n o c u l a t e d  f l a t s  p e r  s e t  w e re  i n o c u l a t e d  w i t h  t h e  c u l t u r e .  

I n f e c t e d  s o i l  w as  n o t  u s e d  i n  t h e  t e s t s  o f  t h a t  y e a r *  The 

f u n g u s  h a d  b e e n  grown i n  g i a n t  c u l t u r e  on a u t o c l a v e d  o a t s .  

I n o c u l a t i o n  was e f f e c t e d  by  p u n c h i n g  two h o l e s  u n d e r  e a c h  

p l a n t  a n d  i n t r o d u c i n g  i n t o  them  a b o u t  two a n d  one h a l f  grams 

o f  t h e  f u n g u s - o v e r g r o w n  o a t s .  I n  t h e  c a s e  o f  i n o c u l a t i o n  

w i t h  i n f e c t e d  s o i l  l a r g e r  h o l e s  w e r e  made u n d e r  t h e  p l a n t s  

and. w e r e  f i l l e d  w i t h  t h e  m o i s t  i n f e c t e d  s o i l .  The p l a n t s  

w e r e  t h e n  a l l o w e d  t o  g row f o r  a n o t h e r  f i f t y  d a y s  a n d  h a r v e s t e d .  

The u n i n o c u l a t e d  c h e c k  p l a n t s  w e r e  e x a m in e d  a n d  e s t i m a t e s  o f  

t h e  amount o f  r o o t  i n j u r y  w h i c h  c o u l d  be m i s t a k e n  f o r  r o o t  r o t  

i n f e c t i o n  w e re  made on t h r e e  p l a n t s  f r o m  e a c h  p l o t .  The
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I n o c u l a t e d  p l a n t s  w e r e  h a r v e s t e d  a n d  t h e  d i s e a s e d  p o r t i o n s  

o f  r o o t s  s e p a r a t e d  f r o m  t h e  h e a l t h y  p o r t i o n s *  B o th  d i s e a s e d  

a n d  h e a l t h y  p o r t i o n s  w e r e  d r i e d  t o  c o n s t a n t  w e i g h t  (±-1 gm*) 

a n d  t h e  p e r c e n t a g e  o f  d i s e a s e d  r o o t  t i s s u e  p e r  p l o t  t h u s  c a l ­

c u l a t e d *  The u n i n o c u l a t e d  f l a t s  a r e  shown i n  P l a t e  7*

The s e c o n d ,  o r  1 9 3 6 ,  t r i a l  was c a r r i e d  o u t  i n  a s  

n e a r l y  a s  p o s s i b l e  t h e  same m an n e r  w i t h  t h e  f o l l o w i n g  

e x c e p t i o n s *  The p l a n t s  w e r e  o b t a i n e d  a n d  s e t  t h i r t y  d a y s  

e a r l i e r *  The n i t r o g e n  c o n t e n t  o f  P l o t  VI was r e d u c e d  f ro m  

1 0 - 6 - 4  t o  8 - 6 - 4  b e c a u s e  o f  r o o t  i n j u r y  a n d  d e a t h  o f  t o p s  

r e s u l t i n g  f ro m  t h e  h i g h  n i t r a t e  c o n c e n t r a t i o n  o f  t h e  f i r s t  

t r i a l .  S i m i l a r l y  t h e  r a t e  o f  s u l p h u r  a d d i t i o n  t o  P l o t  X 

was r e d u c e d  t o  f o u r  h u n d r e d  p ou n ds  p e r  a c r e *  The t im e  

i n t e r v a l s  b e t w e e n  p l a n t i n g  a n d  i n o c u l a t i o n  a n d  b e tw e e n  i n ­

o c u l a t i o n  a n d  h a r v e s t  w e re  t h e  same f o r  b o t h  y e a r s *  S a n d  

a n d  s o i l  f ro m  t h e  same p l a c e  a n d  f e r t i l i z e r  m a t e r i a l s  f ro m  

t h e  same l o t  w e r e  u s e d  f o r  b o t h  y e a r s *  The f l a t s  w e r e  p l a c e d  

on t h e  g r e e n h o u s e  b e n c h  i n  t h e  same o r d e r  a n d  f r e q u e n t l y  

r o t a t e d  i n  o r d e r  t o  e q u a l i z e  l i g h t  a n d  t e m p e r a t u r e  d i f f e r e n c e s  

i n  t h e  same m a n n e r  e a c h  y e a r .  H y d r o g e n - i o n  c o n c e n t r a t i o n  f o r  

t h e  v a r i o u s  p l o t s  a f t e r  n i n e t y  d a y s  a r e  shown b e lo w :
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TABLE I I .

H y d r o g e n - i o n  C o n c e n t r a t i o n  
o f  Sand a n d  S o i l  P l o t s

Y e a r I I I I I I IV V VI V I I V I I I IX X

pH
1935 6 . 1 6*1 6*3

i—1 •to 6*0 6*0 5*9 6*0 6*6 4 - 4

1 9 3 6 6*4 6*6 5*9 5*9 5*7 5* 5 5*0 5*2 5*9 4*7

H y d r o g e n - i o n  d e t e r m i n a t i o n s  w e r e  made b y  means o f  

f i l t e r e d  s o i l  s o l u t i o n s  i n  a  L aM otte  c o m p a r a t o r  b l o c k  i n  

193 5  a n d  b y  t h i s  means a s  w e l l  a s  by  t h e  u s e  o f  a n  e l e c t r i ­

c a l  pH m e t e r  u s i n g  a  g l a s s  e l e c t r o d e  i n  1 9 3 6 .  D e t e r m i n a t i o n  

b y  t h e s e  tw o  m e th o d s  a g r e e d  w i t h i n  0*2 pH* The day l e n g t h  

o f  t h e  1936  p l o t s  w as  e x t e n d e d  t o  a p p r o x i m a t e l y  f i f t e e n  

h o u r s  t h r o u g h o u t  b y  t h e  u s e  o f  s i x  one h u n d r e d  w a t t  e l e c t r i c  

l i g h t s  w i t h  d u l l  r e f l e c t o r s  p l a c e d  so  t h a t  no p l a n t  was 

l e s s  t h a n  t h i r t y  s i x  i n c h e s  n o r  m ore  t h a n  f o r t y  f o u r  i n c h e s  

away f r o m  a  l i g h t *

H i s t o l o g i c a l  M ethod

P o r t i o n s  o f  r o o t s  o f  a bo u t  e q u a l  s i z e  a n d  f rom  t h e  

same r e l a t i v e  p o s i t i o n  w i t h  r e f e r e n c e  t o  r o o t  l e n g t h  w ere  

t a k e n  f rom  t w e n t y  o r  m ore  r o o t s  f rom  e a c h  p l o t  a n d  f i x e d  

i n  f o r m o l - a c e t i c - a l c o h o l  f l u i d *  T h e s e  w e re  s u b s e q u e n t l y  

s e c t i o n e d  b y  t h e  p a r a f f i n  t e c h n i q u e  a n d  m o u n te d .  B o th  

c r o s s  a n d  l o n g i t u d i n a l  s e c t i o n s  w e re  made t h e  f i r s t  y e a r *
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C r o s s  s e c t i o n s  w e r e  f o u n d  m ore  s a t i s f a c t o r y  an d  o n l y  t h e s e  

w e r e  made f r o m  t h e  m a t e r i a l  o f  t h e  s e c o n d  y e a r *  The 

s e c t i o n s  w e re  s t a i n e d  i n  s a f r a n i n  a n d  l i g h t  g r e e n ,  m o u n te d  

i n  b a l s a m  a n d  e x a m in e d  u n d e r  o i l  i m m e r s i o n .  M e a s u re m e n t s  

o f  t h e  t h i c k n e s s  o f  t h e  w a l l s  o f  t h e  c e l l s  o f  t h e  c o r t e x  i n  

t h e  s e c o n d  a n d  f i f t h  p e r i p h e r a l  row s  w e re  made by  t h e  a i d  

o f  a  c a m e ra  l u c i d a  a t  2 , 4 0 0  d i a m e t e r s  m a g n i f i c a t i o n .  S e c t i o n s  

f ro m  a t  l e a s t  s i x  i n d i v i d u a l  p l a n t s  p e r  p l o t  w e re  e x a m in e d .  

S i x t y  t o  one h u n d r e d  t w e n t y  m e a s u r e m e n t s  p e r  p l o t  w ere  r e ­

c o r d e d .  L a r g e r  num bers  w e re  u s e d  a t  f i r s t  b u t  i t  w as  fo u n d  

t h a t  t h e  c a l c u l a t e d  mean t h i c k n e s s  f r o m  a s  many a s  s i x  

h u n d r e d  m e a s u r e m e n t s  v a r i e d  o n l y  i n  t h e  s e c o n d  d e c i m a l  from 

t h e  c a l c u l a t e d  mean o f  t h i r t y  t o  s i x t y  m e a s u r e m e n t s .  Be­

c a u s e  o f  t h e  s m a l l  s i z e  o f  t h i 3  v a r i a t i o n  s m a l l e r  num bers  

o f  m e a s u r e m e n t s  w e r e  l a t e r  u s e d .  The mean ,  s t a n d a r d  d e v i a ­

t i o n  a n d  s t a n d a r d  e r r o r  f o r  e a c h  p l o t  was c a l c u l a t e d .

C h e m ic a l  M ethods

Only r o o t s  a n d  c ro w n s  f rom  t h e  u n i n o c u l a t e d  o r  c h e c k  

p l a n t s  f ro m  e a c h  p l o t  w e r e  u s e d .  T h e s e  w ere  c l e a r e d  o f  a l l  

l e a f  m a t e r i a l  a n d  s a n d ,  w a s h e d  c a r e f u l l y ,  g r o u n d  i n  a 

N i x t a m a l  m i l l  a n d  t h o r o u g h l y  m i x e d .  S am ples  o f  t h i s  g r o u n d  

m a t e r i a l  w e r e  t a k e n  f o r  m o i s t u r e ,  n i t r o g e n  a n d  s u g a r  d e t e r ­

m i n a t i o n s .

M o i s t u r e . One t o  f o u r  gram d u p l i c a t e  p o r t i o n s  o f  

t h e  g r o u n d  m a t e r i a l  w ere  p l a c e d  i n  t a r e d  m o i s t u r e  d i s h e s
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a n d  d r i e d  t o  c o n s t a n t  w e i g h t  i n  a  vacuum o ven  a t  80°G*

N i t r o g e n * The d r i e d  r e s i d u e  f ro m  t h e  m o i s t u r e  d e t e r ­

m i n a t i o n  w as  u s e d  f o r  t h e  t o t a l  n i t r o g e n  d e t e r m i n a t i o n *

T h i s  r e s i d u e  was m o i s t e n e d  i n  t h e  m o i s t u r e  d i s h ,  c a r e f u l l y  

b r o k e n  up  a n d  t r a n s f e r r e d  t o  K j e l d a h l  f l a s k s *  The d e t e r ­

m i n a t i o n  was c a r r i e d  o u t  a c c o r d i n g  t o  t h e  o f f i c i a l  m e th o d  

( 3 )  w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n s  recom mended  by  Dr* N e i l  

S t u a r t :  N i t r a t e s  w e re  i n c l u d e d  by  t h e  u s e  o f  3 g ram s o f

r e d u c e d  i r o n  pow der  a n d  d i g e s t i o n  o v e r  a  low f l a m e  w i t h  l O c c .  

s u l p h u r i c  a c i d  d i l u t e d  w i t h  a n  e q u a l  p a r t  o f  w a t e r *  A f t e r  

a  h a l f  h o u r  t h e  f l a s k s  w e re  c o o l e d ,  a  few c r y s t a l s  o f  c o p p e r  

s u l p h a t e ,  5 g ram s  o f  p o t a s s i u m  s u l p h a t e ,  a n d  20cc* c o n c e n ­

t r a t e d  low  N s u l p h u r i c  a c i d  w e r e  a d d e d .  D i g e s t i o n  was t h e n  

c o m p l e t e d  o v e r  a  h i g h  f l a m e  a n d  c o n t i n u e d  one h a l f  h o u r  

a f t e r  t h e  l i q u i d  was c l e a r *  D i s t i l l a t i o n  was c a r r i e d  o u t  

i n  t h e  r e g u l a r  m a n n e r ,  t h e  ammonia b e i n g  c a u g h t  i n  l O c c .  

s t a n d a r d  a c i d  t o  w h i c h  h a d  b e e n  a d d e d  2 d r o p s  o f  a n  i n d i c ­

a t o r  o f  t h e  f o l l o w i n g  c o m p o s i t i o n :  *3125 gm* m e t h y l  r e d ,

*2062 gm* m e t h y l e n e  b l u e ,  250 cc* 90$ a l c o h o l *  A f t e r  d i s ­

t i l l a t i o n  t h e  a c i d  w as  t i t r a t e d  t o  a  b r i g h t ,  p a l e  g r e e n  end  

p o i n t  w i t h  s t a n d a r d  a l k a l i .  B l a n k  d e t e r m i n a t i o n s  w e re  made 

f o r  e a c h  t e n  d e t e r m i n a t i o n s .

S o l u b l e  n i t r o g e n  was d e t e r m i n e d  a s  a l c o h o l  s o l u b l e  

n i t r o g e n ,  i n c l u d i n g  n i t r a t e s .  E x t r a c t i o n  was c a r r i e d  o u t  

a c c o r d i n g  t o  t h e  m eth o d  d e s c r i b e d  b y  Appleman and  M i l l e r  (4 )  

on 20  gram s a m p le s  p u t  up  i n  h o t  95$  a l c o h o l  so t h a t  t h e



15

f i n a l  c o n c e n t r a t i o n  o f  a l c o h o l  was 75$* F i f t y  c c .  d u p l i ­

c a t e  a l i q u o t s  w e r e  t h e n  d i g e s t e d  a n d  d e t e r m i n e d  a c c o r d i n g  

t o  t h e  m e th o d  g i v e n  a b o v e  f o r  t o t a l  n i t r o g e n *

S u g a r s  * Ten gram d u p l i c a t e  s a m p le s  w ere  p u t  up  i n  

75  cc* h o t  95$  a l c o h o l *  D e t e r m i n a t i o n s  w e re  c a r r i e d  o u t  

a c c o r d i n g  t o  t h e  M u n son -W alk e r  d i r e c t  w e i g h i n g  m e th o d  (3 )*  

T o t a l  s u g a r s  w e re  d e t e r m i n e d  b y  i n v e r t i n g  50 cc* a l i q u o t s  

o f  t h e  c l e a r e d  e x t r a c t  f rom  t h e  o r i g i n a l  s a m p le s  w i t h  5 cc* 

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  o v e r n i g h t *  The a l i q u o t s  

w e r e  t h e n  n e u t r a l i z e d  w i t h  sod ium  c a r b o n a t e  a n d  t h e  s u g a r  

c o n t e n t  d e t e r m i n e d  b y  t h e  d i r e c t  w e i g h i n g  m e th o d  a s  above* 

B o t h  r e d u c i n g  a n d  t o t a l  s u g a r  d e t e r m i n a t i o n s  w ere  c a l c u ­

l a t e d  a s  d e x t r o s e .

S u c r o s e  w as  d e t e r m i n e d  b y  c a l c u l a t i n g  t h e  t o t a l  a n d  

r e d u c i n g  s u g a r s  a s  i n v e r t  s u g a r ,  s u b t r a c t i n g  a n d  m u l t i p l y ­

i n g  b y  t h e  f a c t o r  *95*
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RESULTS

G ro w th  R a t e  o f  T o p s .

The r a t e  o f  g r o w t h  o f  t h e  p l a n t s  was e s t i m a t e d  on 

t h e  b a s i s  o f  r a t e  o f  l e a f  d e v e lo p m e n t*  Only  l e a v e s  i n  

good c o n d i t i o n ,  t h e  l e a f l e t s  o f  w h i c h  w e r e  a t  l e a s t  15  mm* 

w id e  w e r e  c o u n t e d *  T h e s e  r e c o r d s  a r e  e x p r e s s e d  a s  p e r c e n t ­

a g e  i n c r e a s e  i n  l e a f  n u m b ers  i n  t i m e ,  u s i n g  t h e  nu m b ers  

c o u n t e d  14  d a y s  a f t e r  p l a n t i n g  a s  t h e  b a se*

TABLE I I I .

P e r c e n t a g e  I n c r e a s e  o f  Number o f  L e a v e s .

P l o t Y ear
P e r c e n t a g e  ; 

A f t e r  26 d a v s
[ n c r e a s e  i n  No. 
A f t e r  54 d av s

o f  L e a v e s  
A f t e r  90 d a v s

I 1 935 30 58 150
1936 — 2 2 . 6 90*9

I I 1635 0 0 -2V
1936 — 35*4 ^ 2 . 8

I I I 1 935 66 156 210 ' “ '
1936 — 42*6 1 1 1 . 5

IV 1935 118 250 283
1936 — 44*1 138*9

V 1935 124 200 463
1936 — 63*9 1 3 3 . 1

VI 1 935 53 60 i o
1936 - - 65*V 1 8 7 . 9

V I I 1935 94 15V 225
1936 — 3 9 . 3 1 5 6 . 3

V I I I 1935 93 144 107
1 936 — 46*3 1 1 7 . 2

IX 1935 80 ..... "”83” '“  "" 100
1 936 — 62*2 1 4 9 . 5

X
19351 119'"  ' 108 119
1936 - - 8 3 - 6 1 2 4 . 6

P l o t s  l a t e r  d i s c a r d e d  b e c a u s e  o f  f e r t i l i z e r  i n j u r y *

The r e s u l t s  o f  t h e  c o u n t s  show t h a t  t h e  p l a n t s  on 

f e r t i l e  s o i l ,  t h o s e  on s a n d  p l u s  6 - 6 - 5  f e r t i l i z e r ,  on s a n d
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p l u s  m a n u r e ,  a n d  on s a n d  p l u s  2 - 1 2 - 4  made r e l a t i v e l y  

u n i f o r m  g r o w t h  i n c r e a s e s *  G row th  r a t e s  o f  p l a n t s  on o t h e r  

t r e a t m e n t s  w e r e  s l o w e r  i n  g e n e r a l  a f t e r  f i f t y - f o u r  d a y s  f o r  

t h e  1 9 35  t r i a l s *  R e c o r d s  f o r  t h e  1936  t r i a l s  a r e  i n c o m p l e t e ,  

b u t  i n  g e n e r a l ,  t h o u g h  t h e  i n c r e a s e s  w e r e  s m a l l e r  t h e  r e ­

l a t i v e  r a t e s  f o r  t h e s e  t r i a l s  c o r r e s p o n d  f a i r l y  w e l l  w i t h  

t h o s e  o f  t h e  p r e v i o u s  y e a r *  I t  i s  n o t i c e a b l e  t h a t  P l o t s  IV, 

V I ,  V I I I ,  IX ,  and  X made g r e a t e r  r e l a t i v e  i n c r e a s e s  i n  1936 

t h a n  i n  1935* The f a c t  t h a t  t h e  p l a n t s  u s e d  i n  1936  w e re  

s e t  30  d a y s  e a r l i e r  t h a n  i n  1935  may h ave  a  b e a r i n g  on t h e  

d i f f e r e n c e  i n  r a t e  o f  i n c r e a s e  o f  l e a f  num bers  f o r  t h e  tw o  

y e a r s *  C o m p a r i s o n  o f  t h e  g r o w t h  r a t e  w i t h  t h e  pH o f  t h e  

s o i l  i n d i c a t e s  t h a t  e x c e p t  f o r  P l o t s  I  and  I I  t h e  s o i l  r e ­

a c t i o n  was p r o b a b l y  m ore  n e a r l y  opt imum i n  1936  t h a n  i n  1935* 

I n c r e a s e d  day  l e n g t h  t h r o u g h  t h e  u s e  o f  e l e c t r i c  l i g h t s  d i d  

n o t  r e s u l t  i n  i n c r e a s e d  g r o w t h  r a t e *

The p l a n t s  o f  P l o t s  VI a n d  X o f  1935  b e g a n  t o  d i e  

a f t e r  90  d a y s  a n d  w e r e  n o t  u s e d  i n  o t h e r  r e c o r d s *  I n  1936 

t h e s e  p l o t s  r e m a i n e d  i n  good c o n d i t i o n  t h r o u g h o u t ,  p r o b a b l y  

due  t o  t h e  u s e  o f  s m a l l e r  am o u n ts  o f  n i t r a t e s  i n  P l o t  VI a n d  

l e s s  s u l p h u r  i n  P l o t  X*

T h e r e  a p p e a r s  t o  be  l i t t l e  c o r r e l a t i o n  b e tw e e n  g r o w t h  

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

I n  1 9 3 5  t h e r e  was some d e g r e e  o f  c o r r e l a t i o n  b e tw e e n  g r o w t h  

o f  t o p s  a n d  f i n a l  t o t a l  d r y  w e i g h t s  o f  r o o t s *  No s u c h  c o r ­

r e l a t i o n  a p p e a r e d  i n  1936*



D eg ree  o f  I n f e c t i o n

E s t i m a t e s  o f  i n j u r e d  r o o t  t i s s u e  t h a t  c o u l d  b e  c o n ­

f u s e d  w i t h  i n f e c t e d  t i s s u e  i n  t h e  u n i n o c u l a t e d  p l a n t s  w e r e  

made on t h e  b a s i s  o f  t h r e e  p l a n t s  a r b i t r a r i l y  c h o s e n  b e f o r e  

h a r v e s t  f r o m  t h e  t w e n t y  p l a n t s  o f  e a c h  p l o t  w h i c h  w e re  n o t  

i n o c u l a t e d .  T h e s e  e s t i m a t e s  r a n g e d  f rom  3.7% t o  1 1 • 7 % f o r  

t h e  f i r s t  y e a r  (1 9 3 5 )  a n d  f rom  5-34% t o  8 * 36 % f o r  t h e  s e c o n d  

y e a r  ( 1 9 3 6 ) .  I s o l a t i o n s  f r o m  t h i s  m a t e r i a l  y i e l d e d  c u l t u r e s  

o f  P e n i c i l l i u m  s p p .  a n d  b a c t e r i a  l a r g e l y .  D i s e a s e d ,  o r  i n ­

f e c t e d ,  m a t e r i a l  i n  t h e  i n o c u l a t e d  f l a t s  r a n g e d  f ro m  14 * 3$  

t o  45*3% f o r  t h e  1935  t r i a l s  a n d  f rom  13.03% t o  28 .33% f o r  

t h e  193 6  t r i a l s .  F u s a r i u m  o r t h o c e r a s  v a r .  l o n g i u s  was r e ­

c o v e r e d  f r e q u e n t l y ,  b u t  by no means c o n s i s t e n t l y ,  f ro m  t h i s  

m a t e r i a l .  S i n c e  t o t a l  d r y  w e i g h t s  o f  r o o t s  f rom i n o c u l a t e d  

p l a n t s  a n d  i n f e c t i o n  w e r e  c a l c u l a t e d  s i m u l t a n e o u s l y  a n d  s i n c e  

t h e  d e g r e e  o f  i n f e c t i o n  p e r  p l o t  was p r o b a b l y  t h e  l a r g e s t  

f a c t o r  i n  d e t e r m i n i n g  t h e  d r y  w e i g h t  o f  t h e  r o o t s  t h e s e  d a t a  

a r e  p r e s e n t e d  t o g e t h e r  i n  T a b l e  IV-
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TABLE IV.

P e r  C e n t  I n f e c t e d  Hoot  T i s s u e  a n d  T o t a l  Dry W eigh t  
Of R o o t s  f ro m  I n o c u l a t e d  P l a n t s  p e r  P l o t

P l o t  Ho* Y e a r
% D ecay  
i n  C h eck s

P e r  C en t  In f*  
T i s s u e  w i t h  
In o c u lu m  
( a )  F u s a r l u m

j c t e d  

(b )  S o i l 1

T o t a l  Dry 
Wt* o f  
R o o t s  i n  
Grams

T 1935 8*3 1 9 . 4 14*3 4 6 . 0 1 6
1 9 3 6 6*71 1 5 . 6 4 26  • 8*79

I I 193 5 v . d " 30*8 3 7 . 0 3 9 6 . 9 o i
1936 7*02 15*15 3 1 .1 6 6

I I I 1935 10*1 2 8 . 8 2 3 .  3 3 3 . 7 0 8
193 6 5 . 3 1 7 . 7 2 9 .3 2 2

IV 1935 5 . 7 32*9 3 8 . 0 2 3 9 . 5fe5
193 6 6 . 9 15*0 2 6 . 1 1 5

V 1935 6 . 2 41*7 29*4 3 7 .2 7
1936^ 5 . 5 14*68 9 7 . 6 7 8

VI 1 935s
1 '936 '" 8 .1 9 22*48 2 2 .1 8 5

V I I 1935 5 . 8 3 3 . 7 33*0 3 5 .5 4 6
1936 6 . 6 3 1 5 . 6 3 24.569"

V I I I 1935 l l . 7 4 4 . 6 " 4 5 * 3 2 3 . 4 0
1936 6*45 21*75 2 5 .8 1

IX 1 935 7 . 7 24*6 26*3 3 0 . 8 0
l 9 3 6 „ 7 . 9 S 5 . 3 9 l . 2 l

X 1 9 3 5 "
1936 8 . 3 2 8 . 3 9 9 . 0 2

Hot u s e d  I n  t h e  1936 t r i a l s
P l o t s  d i s c a r d e d  b e c a u s e  o f  f e r t i l i z e r  i n j u r y *

The p e r  c e n t  d e c a y e d  r o o t  t i s s u e  i n  i n o c u l a t e d  p l a n t s ,  

h e r e  t e r m e d  p e r  c e n t  i n f e c t i o n ,  o b t a i n e d  by  t h e  u s e  o f  t h e  

f u n g o u s  c u l t u r e  a n d  b y  t h e  u s e  o f  i n f e c t e d  s o i l  i n  t h e  1935 

t r i a l s  show some d i f f e r e n c e  w i t h i n  a p l o t ,  b u t  a r e  c o m p a r a b l e  

i n  g e n e r a l *  F o r  t h i s  r e a s o n  a n d  f o r  t h e  r e a s o n  t h a t  i n f e c t e d  

s o i l  f rom  t h e  same f i e l d  c o u l d  n o t  be  d e p e n d e d  upon  so  f a r  

a s  s i m i l a r  s o i l  f l o r a  was c o n c e r n e d  i n  1 9 3 6 ,  i n o c u l a t i o n  

w i t h  s o i l  was o m i t t e d  a n d  b o t h  f l a t s  w e re  i n o c u l a t e d  w i t h  

f u n g u s  i n s t e a d *
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D e g r e e  o f  i n f e c t i o n  i s  r e f l e c t e d  i n  t h e  d r y  w e i g h t s  

o f  t h e  r o o t s  t o  some e x t e n t ,  e s p e c i a l l y  i n  t h e  1935  t r i a l s *

At l e a s t  t h r e e  f a c t o r s  a r e  c o n c e r n e d  i n  r o o t  w e i g h t  p e r  

p l o t ;  f i r s t ,  w e i g h t  a t  t i m e  o f  p l a n t i n g ;  s e c o n d ,  i n f l u e n c e  

o f  t h e  g r o w t h  r a t e  o f  t h e  e n t i r e  p l a n t ;  t h i r d  t h e  l o s s  o f  

t i s s u e  t h r o u g h  d e c a y *  T h e s e  f a c t o r s  c a n  n o t  e a s i l y  h e  

s e p a r a t e d  s i n c e  i t  i s  d i f f i c u l t  t o  a c c u r a t e l y  d e t e r m i n e  t h e  

w e i g h t  o f  t h e  r o o t s  a t  t h e  t im e  t h e  p l a n t s  a r e  s e t ,  a n d  

t h e r e  i s  l i t t l e  e v i d e n c e  t o  show t h a t  u n d e r  d i f f e r e n t  s o i l  

t r e a t m e n t s  t h e  r o o t  t o  t o p  g r o w t h  r a t i o s  a r e  s i m i l a r *  

F u r t h e r m o r e ,  i t  i s  l i k e l y  t h a t  a  g r e a t e r  amount o f  r o o t  

t i s s u e  i s  l o s t  f ro m  p l a n t s  h a v i n g  more  i n f e c t i o n  t h a n  from 

t h o s e  h a v i n g  l e s s  i n f e c t i o n ,  a n d  a l s o ,  p a r t i a l l y  d e c a y e d  

t i s s u e  p r o b a b l y  d o e s  n o t  h a v e  t h e  same w e i g h t  p e r  u n i t  

vo lum e  a s  t h a t  w h i c h  i s  no rm al*

T h r o u g h o u t  t h e  p l o t s  t h e  p e r c e n t a g e  o f  i n f e c t e d  t i s s u e  

was much h i g h e r  i n  t h e  1935  t r i a l s  t h a n  i n  t h o s e  o f  1936*

T h i s  d i f f e r e n c e  c a n  b e  e x p l a i n e d  i n  p a r t  by  t h e  f a c t  t h a t  

t h e  o r g a n i s m  h a d  b e e n  i n  a r t i f i c i a l  c u l t u r e  f o r  n e a r l y  a

y e a r  l o n g e r  when u s e d  i n  t h e  l a t t e r  t r i a l s  t h a n  i n  t h e  f o r m e r .

When f i r s t  u s e d  i t  h a d  b e e n  i n  p u r e  c u l t u r e  a p p r o x i m a t e l y  

one  y e a r *  I t  i s  commonly a c c e p t e d  t h a t  many p a r a s i t i c  f u n g i  

d e c r e a s e  i n  p a t h o g e n i c i t y  when c a r r i e d  i n  a r t i f i c i a l  c u l t u r e  

f o r  a  l o n g  p e r i o d  o f  t i m e .  The m o s t  s t r i k i n g  d i f f e r e n c e s  

o c c u r r e d  i n  P l o t  V I I I  ( h i g h  p o t a s s i u m )  an d  P l o t  V ( m a n u r e ) .

I n  t h e  l a t t e r  p l o t  i t  i s  p o s s i b l e  t h a t  t h e  a d d e d  o r g a n i c

m a t t e r  i n  t h e  s o i l  c o m bin ed  w i t h  a more  v i r u l e n t  o r g a n i s m
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i n  t h e  193 5  t r i a l s  a l l o w e d  a  g r e a t e r  g r o w t h  o f  t h e  f u n g u s  

w h i c h  t h e r e f o r e  was a b l e  t o  a t t a c k  a  l a r g e r  p o r t i o n  o f  t h e  

r o o t s ,  w h e r e a s  i n  1936  d e c r e a s e d  v i r u l e n c e  o f  t h e  o r g a n i s m  

g r e a t l y  l i m i t e d  i t s  p a r a s i t i s m  e v e n  t h o u g h  a  g r e a t e r  g r o w th  

t o o k  p l a c e *  I n  t h e  c a s e  o f  P l o t  V I I I  no d e f i n i t e  e x p l a n a ­

t i o n  h a s  b e e n  f o u n d  f o r  t h e  g r e a t  d i f f e r e n c e  i n  i n f e c t i o n  

f o r  t h e  tw o  t r i a l s *  I n  P l o t  X ( s u l p h u r )  t h e  d e g r e e  o f  

i n f e c t i o n  w a s  h i g h e s t  o f  a l l  t h e  p l o t s  i n  1936* T h i s  may 

be  e x p l a i n e d  on t h e  b a s i s  o f  optimum medium r e a c t i o n  f o r  

t h e  g r o w t h  o f  t h e  f u n g u s *  I t  was f o u n d  i n  l a b o r a t o r y  t r i a l s  

w i t h  a d j u s t e d  l i q u i d  medium t h a t  t h e  o r g a n i s m  e n j o y e d  g r e a t ­

e s t  g r o w t h  a t  pH 3*5 a n d  d e c r e a s e d  i n  g r o w t h  r a p i d l y  a s  t h e  

r e a c t i o n  o f  t h e  medium a p p r o a c h e d  t h e  n e u t r a l  p o i n t .

C e l l  W a l l  T h i c k n e s s

As d e s c r i b e d  u n d e r  M a t e r i a l s  a n d  M e th o d s ,  t h e  t h i c k ­

n e s s  o f  t h e  c e l l  w a l l s  i n  t h e  s e c o n d  an d  f i f t h  p e r i p h e r a l  

rows o f  c e l l s  o f  t h e  c o r t e x  was m e a su re d *  C r o s s  s e c t i o n s  

o f  r o o t s  sh o w in g  a s  n e a r l y  a s  p o s s i b l e  t h e  same d e g r e e  o f  

d e v e l o p m e n t  a s  e s t i m a t e d  b y  t h e  amount  o f  x y le m ,  ph loem  a n d  

p e r i c y c l e  t i s s u e  p r e s e n t  w e re  s e l e c t e d  f o r  t h e s e  m e a s u r e ­

m en ts*  The r e s u l t s  a r e  r e c o r d e d  i n  T a b l e  V.



TABLE V.

T h i c k n e s s  o f  W a l l s  o f  C o r t i c a l  C e l l s

P l o t
Th 

Sec  on 
1935

l e k n e s s  o f  W 
d Row

1936

a l l s  i n  M ic r  
P i f

1935

ons
t h  Row 

1936

I 1 . 6 1
± .0 4

1 . 7 3 6
± .0 1 7

1 . 3 2
± .03 6

1 . 6 7 6
± .0 2 7

I I 1 . 3 8
± .017

1 .8 6 7
±.025

1.1 .9
± .02 4

1 .7 8 1
± .04 2

I I I 1 . 4
± .0 3 2

1.99
±. 039

1 . 1 8
±-036

1 . 7 4 3
±. 042

IV 1 . 2 4
±. 025

1 . 8 0 3  
±. 046

1 . 0 3 T
± .02 6

1 .6 1
± .0 3 4

V 1 . 3 3
± .022

2 . 0 8 7
± .045

1 . 0 8 5  
±. 04

1 . 7 3
±.051

VI1 1 . 7 5 8
± .03

1 . 6 3 8  
± .0 32

V I I 1 . 1 0 3
± .0 2 3

£ . 2 4
±.049

.9 3 6  
±. 026

1 . 6 8 3
± .039

V I I I 1 .1 0  
±. 035

1 . 6 2  
±. 042

.9 3 3
± .035

1 . 3 l
± .03 4

IX 1 . 2 6  
±. 031

1 . 6 7  
±. 04

1 . 0 4  
±. 035

1 . 2 7 8
± .041

X1 1 . 5 2 4
± .04

1.626
±.03

D i s c a r d e d  i n  1935  t r i a l s  b e c a u s e  o f  f e r t i l i z e r  i n j u r y .

S t r i k i n g  d i f f e r e n c e s  w i t h i n  a  t r e a t m e n t  b e tw e e n  t h e  

two y e a r s  t r i a l s  i s  a g a i n  e v i d e n t .  I n  g e n e r a l ,  w a l l  t h i c k ­

n e s s e s  f o r  t h e  1936  t r i a l  a r e  g r e a t e r  t h a n  f o r  t h e  p r e v i o u s  

t r i a l .  C o m p a r i s o n  o f  t h e s e  d a t a  w i t h  t h o s e  o f  T a b l e  IV 

show a  n e g a t i v e  c o r r e l a t i o n  b e tw e e n  c e l l  w a l l  t h i c k n e s s  

a n d  d e g r e e  o f  i n f e c t i o n  w h i c h  h o l d s  t r u e  r e g a r d l e s s  o f  p l o t  

t r e a t m e n t  o r  y e a r ,  a n d  seem s t o  d e f i n i t e l y  i n d i c a t e  t h e  

a s s o c i a t i o n  o f  i n c r e a s e d  c e l l  w a l l  t h i c k n e s s  w i t h  d e c r e a s e d  

i n f e c t i o n  a n d  v i c e - v e r s a .  The w a l l s  o f  t h e  o u t e r  l a y e r s  o f
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c e l l s  w e re  i n  m o s t  c a s e s  r a t h e r  h e a v i l y  l i g n i f i e d  a n d  w e re  

t h i c k e r  t h a n  t h o s e  o f  t h e  i n n e r  l a y e r s .  I t  i s  t o  he a s su m e d  

t h a t  i n c r e a s e d  t h i c k n e s s  o f  c e l l  w a l l s  o f f e r s  i n c r e a s e d  r e ­

s i s t a n c e  t o  f u n g o u s  i n v a s i o n .  I t  m ig h t  he e q u a l l y  a s  n e a r l y  

c o r r e c t  t o  a s s u m e  t h a t  t h e  i n v a s i o n  o f  t h e  f u n g u s  so d i s t u r b s  

t h e  d e v e l o p m e n t  o f  t h e  h o s t  p l a n t  t h a t  n o r m a l  t h i c k e n i n g  

d o e s  n o t  t a k e  p l a c e .

N i t r o g e n  C o n t e n t

T o t a l  a n d  a l c o h o l  s o l u b l e  n i t r o g e n  c o n t e n t s  w ere  fo u n d  

t o  h e  r e l a t i v e l y  c o n s i s t e n t  t h r o u g h o u t  t h e  s e r i e s  o f  p l o t 3  

f o r  e a c h  y e a r  w i t h  few e x c e p t i o n s .  The r e s u l t s  f o r  t h e  1936 

t r i a l s  a r e  h i g h e r  t h a n  t h o s e  f o r  1 9 3 5 .  T h e s e  f i g u r e s  com­

p a r e d  w i t h  t h e  p e r c e n t a g e  i n f e c t e d  t i s s u e  p e r  p l o t  t e n d  t o  

i n d i c a t e  a r e l a t i o n s h i p  b e tw e e n  n i t r o g e n  c o n t e n t  a n d  i n f e c t i o n .  

How ever ,  t h i s  t e n d e n c y  i s  n o t  b o r n e  o u t  by  c o m p a r i s o n s  o f  

t h e s e  f i g u r e s  among p l o t s  f o r  a  s i n g l e  y e a r ’ s t r i a l s .  F o r  

t h e  f i r s t  y e a r ’s t r i a l s  t h e  d i f f e r e n c e  b e tw e e n  t o t a l  and  

a l c o h o l  s o l u b l e  n i t r o g e n  f o r  i n d i v i d u a l  p l o t s  r a n g e d  f rom  

a p p r o x i m a t e l y  . 7  t o  1*1 p e r  c e n t -  b u t  seem ed  t o  h ave  no  b e a r ­

i n g  on t h e  amount  o f  i n f e c t i o n .  F o r  t h e  s e c o n d  y e a r ’ s t r i a l s  

t h i s  d i f f e r e n c e  r a n g e d  f rom  .5 1  t o  1*44  p e r  c e n t*  w i t h  t h e  

g r e a t e s t  d i f f e r e n c e s  o c c u r r i n g  i n  p l o t s  h a v i n g  t h e  l a r g e r  

a m o u n t s  o f  i n f e c t e d  t i s s u e .  The r e s u l t s  o f  n i t r o g e n  d e t e r ­

m i n a t i o n s  a r e  shown i n  T a b l e  VI.

The a p p a r e n t l y  c o n f l i c t i n g  e v i d e n c e  i n  t h e s e  d a t a  

seem s n o t  t o  j u s t i f y  c o n c l u s i o n s  a s  t o  t h e  r e l a t i o n  o f  n i t r o -
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g e n  c o n t e n t  t o  s u s c e p t i b i l i t y  o f  r o o t s  t o  i n f e c t i o n .  T h e r e  

a p p e a r s  t o  b e  a  r e l a t i o n s h i p  b e tw e e n  s o i l  r e a c t i o n  a n d  

n i t r o g e n  c o n t e n t  o f  r o o t  a n d  crown t i s s u e *

S u g a r  C o n t e n t

The r e s u l t s  o f  s u g a r  d e t e r m i n a t i o n s  show c o n s i d e r a b l e  

v a r i a t i o n  i n  t h e  a m o u n ts  a n d  r e l a t i v e  p r o p o r t i o n s  o f  t o t a l ,  

r e d u c i n g ,  a n d  s u c r o s e  s u g a r  c o n t e n t  o f  t h e  p l a n t s  o f  t h e  

d i f f e r e n t  p l o t s .  T h e r e  i s  c o n s i s t e n t  e v i d e n c e  t h a t  i n c r e a s e d  

s u g a r  c o n t e n t ,  p a r t i c u l a r l y  s u c r o s e ,  i s  a s s o c i a t e d  w i t h  a n  

i n c r e a s e d  p e r c e n t a g e  o f  i n f e c t e d  t i s s u e  b o t h  among t r e a t m e n t s  

r e g a r d l e s s  o f  y e a r  a n d  w i t h i n  t r e a t m e n t s  f o r  t h e  tw o  y e a r * s  

t r i a l s ,  w i t h  t h e  e x c e p t i o n  o f  P l o t  IX a n d  p o s s i b l y  P l o t  I I I *  

T h e r e  i s  a l s o  good  e v i d e n c e  t h a t  i n c r e a s e d  s u g a r  c o n t e n t ,  

p a r t i c u l a r l y  s u c r o s e ,  i s  a s s o c i a t e d  w i t h  d e c r e a s e d  t h i c k n e s s  

o f  c o r t i c a l  c e l l  w a l l s  i n  a l l  c a s e s  e x c e p t  P l o t  IX, w h ic h  

was l i m e d ,  a n d  p o s s i b l y  P l o t  VII*  T h e s e  r e s u l t s  i n d i c a t e  

t h a t  some f a c t o r  i n  t r e a t m e n t  o r  f u n g o u s  a c t i v i t y  l i m i t s  t h e  

u t i l i z a t i o n  o f  s u g a r s  f o r  t h i c k e n i n g  o f  c e l l  w a l l s *  The 

a s s o c i a t i o n  o f  i n c r e a s e d  p e r c e n t a g e  i n f e c t e d  t i s s u e  i n  p l a n t s  

w i t h  i n c r e a s e d  s u g a r  c o n t e n t  m i g h t  be  e x p l a i n e d  on t h e  b a s i s  

t h a t  i n c r e a s e d  s u g a r  c o n t e n t  o f  t h e  p l a n t  t i s s u e  a f f o r d s  t h e  

f u n g u s  a b e t t e r  medium f o r  g r o w t h  once  i t  h a s  g a i n e d  e n t r a n c e *  

The r e s u l t s  o f  t h e  d e t e r m i n a t i o n s  o f  s u g a r  c o n t e n t  a r e  shown 

i n  T a b l e  VII*

I n c r e a s e d  t o t a l  and s u c r o s e  su ga r  c o n te n t  a l s o  show 

some d e g r e e  o f  a s s o c i a t i o n  w i t h  d e c r e a s e d  dry  w e ig h t  o f



TABLE VI.

N i t r o g e n  C o n t e n t  o f  R o o t s  a n d  Crowns

D e t e r m i n a t i o n Y e a r I I I I I I
P e r  Ce

IV
n t  N i t r o g e n

VI1
i n  P l o

V I I
t

V I I I IX X1

T o t a l
1935 1 . 7 0 1 . 2 8 1 . 5 8 1 . 7 1 1 . 8 5 1 . 3 9 1 . 5 8 1 . 9 2

1936 2 . 0 3 2 . 3 9 2 .1 2 1 . 5 8 2 . 0 5 1 . 8 1 1 . 4 1 2 . 2 5 2 . 4 0 2 . 8 2

A l c o h o l
S o l u b l e

1935 .9 8 • 57 .49 .8 0 .9 0 . 6 0 .7 0 1 . 0 3

1936 1 . 0 6 1 . 2 4 1 . 0 3 .82 1 .1 7 . 8 5 .9 0 . 9 3 1 .2 0 1 . 3 8

-*-• D i s c a r d e d  i n  1935 t r i a l s  b e c a u s e  o f  f e r t i l i z e r  i n j u r y .

to01
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r o o t s *  T h i s  w o u l d  a p p e a r  t o  c o n f i r m  t h e  o p i n i o n  t h a t  

f a c t o r s  o p e r a t i n g  t o  l i m i t  t h e  u t i l i z a t i o n  o f  s u g a r  a r e  

c o n c e r n e d ,  h o w e v e r ,  t h e  l o s s  o f  m a t e r i a l  f r o m  h e a v i l y  

i n f e c t e d  r o o t  s y s t e m s  a s  p r e v i o u s l y  m e n t i o n e d  may n u l l i f y  

c o n c l u s i o n s  on t h i s  p o i n t .

R e l a t i o n s h i p s  among t h e  f a c t o r s  d i s c u s s e d  c a n  b e s t  

b e  s e e n  i n  t h e  summary o f  d a t a .  F o r  c o n v e n i e n t  r e f e r e n c e  

t h e  p l a n  o f  p l o t  t r e a t m e n t  i s  r e p e a t e d .



TABLE VII.

S u g a r  C o n t e n t  o f  R o o t s  a n d  Crow ns .

D e t e r m i n a t i o n Z e a r
I I I

P e r  C
I I I

e n t  Su
IV

g a r  i n  
V

P l a n t
V I1

s o f  P
V I I

l o t s
V I I I

i—
IXi—i X

T o t a l
Sugar

1935 6*96 7 . 4 5 6 . 56 7 . 0 7 6 . 9 0 6 . 6 3 9 . 0 6 6 . 7 8

1936 5 .6 1 5 . 5 8 5 .6 2 6 .6 1 5 . 6 2 5 . 2 1 6 . 2 8 6 . 5 5 7 . 0 8 6 .1 1

R e d u c in g
S ugar

1935 4 .5 7

1 
Jo 00 5 . 4 2 4 . 4 5 4 . 5 1 4 . 5 8 5 .5 1 4 . 8 5

1936 4 . 0 9 4 . 4 2 3 .7 9 4 . 4 8 4 . 2 4 4 . 3 2 4 . 0 7 4 . 2 5 3 . 9 7 3 .7 1

S u c r o s e
1935 2 . 2 9 2 . 4 7 1 . 1 4 2 . 6 5 2 . 3 6 2 . 0 6 3 . 4 1 1 . 9 2

1936 1 . 6 3 1 . 2 6 1 .8 6 2 . 1 3 1 . 4 3 1 .1 1 2 . 3 5 2 . 0 6 3 . 1 6 2 . 4 2

D i s c a r d e d  i n  1935 t r i a l s  b e c a u s e  o f  f e r t i l i z e r  i n j u r y .

to<3
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TABLE V I I I .

SUMMARY OF DATA 

P l a n  o f  P l o t  T r e a t m e n t

P l o t  No* T r e a t m e n t

I F e r t i l e  loam s o i l

I I S and  w i t h o u t  a d d i t i o n

I I I S a n d  p l u s  6 - 6 - 5  f e r t i l i z e r ^ -

IV Sa n d  p l u s  6 - 6 - 5  f e r t i l i s e r ,  h e a v i l y  w a t e r e d

V
o

Sand  p l u s  w e l l - r o t t e d  m anure

VI Sand  p l u s  1 0 - 6 - 4  f e r t i l i s e r

V I I S an d  p l u s  2 - 1 2 - 4  f e r t i l i z e r

V I I I Sand  p l u s  2 - 6 - 1 0  f e r t i l i z e r

IX Sand  p l u s  6 - 6 - 5  p l u s  l i m e ^

X Sand  p l u s  6 - 6 - 5  p l u s  s u l p h u r ^

. A l l  f e r t i l i z e r  e x c e p t  m an u re  u s e d  a t  r a t e  o f  1 , 0 0 0  l b s .  
p e r  A*
At r a t e  o f  20 t o n s  p e r  A*

• H y d r a t e d  l i m e  a t  r a t e  o f  1 , 0 0 0  l b s *  p e r  A*
F l o w e r s  o f  s u l p h u r  at  r a t e  o f  600 l b s *  p e r  A* i n  1 9 3 5 ,  
400 l b s .  p e r  A. i n  1936*

The t a b u l a t e d  d a t a  p r e s e n t e d  u n d e r  e a c h  d i v i s i o n  o f  

R e s u l t s  i s  co m b in ed  i n  T a b l e  IX a n d  shown i n  g r a p h i c  fo rm  

i n  F i g u r e  1« G r a p h ic  r e p r e s e n t a t i o n  o f  a s s o c i a t i o n s  

p r e s e n t  i n  t h e  d a t a  a r e  a l s o  shown f o r  e a c h  y e a r fs t r i a l  

i n  F i g u r e s  2 an d  3 .  I n  t h e  summary w a l l  t h i c k n e s s  o f  

c o r t i c a l  c e l l s  i s  g i v e n  o n ly  a s  mean t h i c k n e s s  o f  w a l l s  o f  

t h e  s e c o n d  row* D eg ree  o f  i n f e c t i o n  i s  g i v e n  i n  t e r m s  o f
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p e r c e n t a g e  i n f e c t e d  r o o t  t i s s u e  on t h e  b a s i s  o f  d r y  w e i g h t*  

R o o t  w e i g h t  i s  g i v e n  i n  g ram s  d r y  w e i g h t *  Top g r o w t h  i s  

shown a s  p e r c e n t a g e  i n c r e a s e  i n  num bers  o f  l e a v e s  i n  t im e *  

P e r  c e n t  i n f e c t i o n  i s  g i v e n  o n l y  f o r  p l a n t s  i n o c u l a t e d  w i t h  

t h e  c u l t u r e  o f  F u s a r i u m  o r t h o c e r a s  v a r *  l o n g i u s • C h e m ic a l  

d a t a  i s  g i v e n  i n  p e r  c e n t  on t h e  b a s i s  o f  d r y  w e i g h t s  o f  

r o o t  a n d  c ro w n  t i s s u e *  Top g r o w t h  a n d  r o o t  w e i g h t s  a r e  n o t  

i n c l u d e d  i n  F i g u r e  1*



TABLE IX-

Summary o f  T a b u l a t e d  D a ta

C h a r a c t e r Y e a r I I I I I I IV
P l o t

V VI1 V I I V I I I IX X1

P e r  Cent 1935 1 9 . 4 3 0 . 8 2 8 . 8 3 2 . 9 4 1 . 7 3 3 . 7 4 4 . 6 2 4 . 6
I n f e c t i o n 1936 1 5 . 6 4 1 5 . 1 5 1 7 . 7 1 5 . 0 1 1 4 . 6 8 2 2 . 4 8 1 3 . 0 3 2 1 . 7 5 2 3 . 3 8 2 8 . 3 3
W eight  
R o o ts  
I n  grams

1935 4 0 . 0 2 6 . 9 3 3 . 7 3 9 . 5 3 7 . 2 3 5 . 5 2 3 . 4 3 0 . 8
1936 CO 00 s> <3 3 1 . 1 6 2 9 .3 2 2 6 . 1 2 7 . 6 7 2 2 . 1 8 2 4 . 5 6 2 5 . 8 1 2 1 .2 2 0 .0

P e r  Cent  
I n c r e a s e  
I n  l e a f  n o .

1935 150 -2 7 210 283 463 10 225 107 100 119
1936 9 0 . 9 2 2 .8 1 1 1 . 5 1 3 8 .9 133 1 8 7 .9 1 5 6 . 3 1 1 7 . 2 1 4 9 . 5 1 2 4 . 6

C e l l  W al l  
T h i c k n e s s  
I n  m i c r o n s

1935 1 . 6 1 1 . 3 1 1 .3 9 1 . 0 3 1 . 3 2 1 .1 0 1 .1 0 1 . 2 6
1936 1 . 7 3 1 .8 6 1 . 9 9 1 .8 2 . 0 8 1 . 7 5 2 . 2 4 1 . 8 2 1 . 6 7 1 . 5 2

P e r  C ent 1935 1 . 7 0 1 . 2 8 1 . 5 8 1 . 7 1 1 . 8 5 1 . 3 1 1 . 5 8 1 . 9 2
T o t a l  N. 1936 2 . 0 3 2 . 3 9 2 .1 2 1 . 5 8 2 . 0 5 1 . 8 1 1 . 4 1 2 . 2 5 2 . 4 0 2 . 8 2
P e r  Cent  
S o l u b l e  N.

1935 .9 8 .5 7 .47 .79 .9 0 .6 0 .7 0 .1 0
1936 1 . 0 6 1 . 2 4 1 . 0 3 .8 2 1 . 1 7 .8 5 . 9 0 .9 3 1 .2 0 1 . 3 8

P e r  Cent 1935 6 • 96 7 . 4 5 6 . 5 6 7 . 0 7 6 . 9 6 • 63 9 . 0 6 6*73
T o t a l  S u g a r 1936 5 .6 1 5 . 5 8 5* 62 6 .6 1 5 .6 2 5 .2 1 6 . 2 8 6 . 5 5 7 . 0 8 6 .1 1
P e r  Cent  
R e d u c in g  
S u g a r

1935 4 . 5 7 4 . 9 8 5 .4 2 4 . 4 5 4 . 5 1 4 . 5 8 5 . 5 1 4 . 8 5
1936 4 . 0 8 4 . 4 2 3 . 7 9 4 . 4 8 4 . 2 4 4 . 3 2 4 . 0 7 4 . 5 2 3 . 9 7 3 .7 1

P e r  Cent 1935 2 . 2 9 2 . 4 7 1 . 1 4 2 . 6 5 2 . 3 6 2 . 0 6 r  3 .4 1 1 . 9 2
S u c r o s e 1936 1 . 6 3 1 . 2 6 1 .8 6 2 . 1 3 1 . 4 3 1 .1 1 2 . 3 5 2 . 0 6 3 . 1 6 2 . 4 2

T
D i s c a r d e d  i n  1935 b e c a u s e  o f  f e r t i l i z e r  i n j u r y .
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DISCUSSION OP RESULTS

The r e s u l t s  p r e s e n t e d  show a  d e f i n i t e  a s s o c i a t i o n  o f  

s u c h  c h a r a c t e r s  a s  t h i c k n e s s  o f  w a l l s  o f  c e l l s  o f  t h e  o u t e r  

p o r t i o n  o f  t h e  s t r a w b e r r y  r o o t  c o r t e x  a n d  t o t a l  s u g a r  a n d  

s u c r o s e  c o n t e n t  o f  r o o t s  a n d  c ro w n s  w i t h  t h e  amount  o f  i n ­

f e c t e d  r o o t  t i s s u e  r e s u l t i n g  f r o m  i n o c u l a t i o n  w i t h  a  c u l t u r e  

o f  P u s a r i u m  o r t h o c e r a s  App. e t  Wr* va r*  l o n g i u s  ( S h e r b )  Wr* 

T h i s  a s s o c i a t i o n  e x i s t s ,  w i t h  l i t t l e  e x c e p t i o n ,  t h r o u g h o u t  

t h e  s e r i e s  o f  s o i l  t r e a t m e n t s  u s e d  f o r  b o t h  y e a r s  t h e  e x ­

p e r i m e n t  was c a r r i e d  o u t*  I n c r e a s e d  t h i c k n e s s  o f  c e l l  

w a l l  was a s s o c i a t e d  w i t h  a  d e c r e a s e d  amount o f  i n f e c t i o n ,  

w h i l e  i n c r e a s e d  s u g a r  c o n t e n t ,  p a r t i c u l a r l y  s u c r o s e  c o n t e n t ,  

was a s s o c i a t e d  w i t h  an i n c r e a s e d  am ount  o f  i n f e c t i o n .  I n  

o t h e r  w o r d s ,  i n c r e a s e d  s u g a r  c o n t e n t  was a s s o c i a t e d  w i t h  

d e c r e a s e d  t h i c k n e s s  o f  c o r t i c a l  c e l l  w a l l  a n d  b o t h  o f  t h e s e  

c o n d i t i o n s  w e r e  a s s o c i a t e d  w i t h  i n c r e a s e d  i n j u r y  by t h e  

a t t a c k  o f  t h e  fu n g u s*  The d a t a  a f f o r d  no d e f i n i t e  e v i d e n c e  

t h a t  p l a n t  g r o w t h  a s  m e a s u r e d  b y  r a t e  o f  l e a f  d e v e lo p m e n t  

o r  t o t a l  d r y  w e i g h t  o f  r o o t s  was a  f a c t o r  i n  d e t e r m i n i n g  t h e  

d e g r e e  o f  i n f e c t i o n ,  o r  s u s c e p t i b i l i t y  o f  t h e  r o o t s  t o  i n j u r y  

by  t h e  o r g a n i s m *  N e i t h e r  t o t a l ,  n o r  a l c o h o l  s o l u b l e  n i t r o ­

gen  a p p e a r e d  t o  b e  a s s o c i a t e d  w i t h  any  o t h e r  c h a r a c t e r s  

s t u d i e d *

The d e c r e a s e d  am ount  o f  i n f e c t i o n  o b t a i n e d  i n  t h e  

s e c o n d  y e a r fs t r i a l s  m ig h t  b e  e x p l a i n e d  a s  due  t o  d e c r e a s e d  

v i r u l e n c e  o f  t h e  c u l t u r e  u s e d  r e s u l t i n g  f rom  l o n g  m a i n t e n a n c e
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on  a r t i f i c i a l  m ed ia#  The f a c t  t h a t ,  t r e a t m e n t  f o r  t r e a t m e n t ,  

t h e  c e l l  w a l l  t h i c k n e s s  was g r e a t e r  a n d  s u g a r  c o n t e n t  l o w e r  

i n  t h e  s e c o n d  y e a r ’ s t r i a l s  t h a n  i n  t h e  f i r s t  c a n  h e  l e s s  

r e a d i l y  e x p l a i n e d #  The v a r i a b l e  i n t r o d u c e d  b y  t h e  u s e  o f  

s u p p l e m e n t a r y  l i g h t  t o  i n c r e a s e  t h e  l i g h t  p e r i o d  c a n  p r o ­

b a b l y  b e  d i s m i s s e d  s i n c e  a d d i t i o n a l  l i g h t  m ig h t  b e  e x p e c t e d  

t o  i n c r e a s e  t o p  g r o w t h  o r  s u g a r  c o n t e n t  o v e r  t h a t  o f  t h e  

t r i a l s  w h i c h  d i d  n o t  h a v e  s u p p l e m e n t a r y  l i g h t *  Su c h  r e s p o n s e s  

d i d  n o t  o c c u r#  The nu m b ers  o f  l e a v e s  d e v e l o p e d  i n  t h e  f i r s t  

y e a r ’ s t r i a l s  w e r e  g r e a t e r  t h a n  i n  t h o s e  o f  t h e  s e c o n d  w h ic h  

may a c c o u n t  f o r  a n  i n c r e a s e d  s u g a r  c o n t e n t  o f  r o o t s ,  b u t  c an  

h a r d l y  a c c o u n t  f o r  d e c r e a s e d  c e l l  w a l l  t h i c k n e s s .

A s s o c i a t i o n  o f  a  h i g h  d e g r e e  o f  i n f e c t i o n  w i t h  i n ­

c r e a s e d  s u g a r  c o n t e n t  o f  r o o t s  seems e x p l a i n a b l e  on t h e  b a s i s  

t h a t  r o o t s  w i t h  a  h i g h  s u g a r  c o n t e n t  f u r n i s h  a  more f a v o r ­

a b l e  medium f o r  f u n g o u s  d e v e lo p m e n t#  A s s o c i a t i o n  o f  a  h i g h  

d e g r e e  o f  i n f e c t i o n  w i t h  t h i n  c e l l  w a l l s  w o u ld  i n d i c a t e  t h a t  

s u c h  w a l l s  o f f e r  l e s s  r e s i s t a n c e  t o  f u n g o u s  i n v a s i o n *  S i n c e  

t h e s e  a s s o c i a t i o n s  a p p e a r e d  i n  b o t h  y e a r ’ s t r i a l s  a n d  s i n c e  

t h e  d e g r e e  o f  i n f e c t i o n  was h i g h e r ,  t h i c k n e s s  o f  c e l l  w a l l s  

l e s s ,  a n d  s u g a r  c o n t e n t  g r e a t e r  t h r o u g h o u t  t h e  f i r s t  y e a r ’ s 

t r i a l s  t h a n  i n  t h e  s e c o n d  i t  w o u ld  a p p e a r  t h a t  p l o t  t r e a t m e n t  

was n o t  v e r y  e f f e c t i v e  i n  d e t e r m i n i n g  d e g r e e  o f  i n f e c t i o n  

e x c e p t  i n  P l o t s  V I ,  V I I ,  IX a n d  X i n  w h ic h  t h e  c o n c e n t r a t i o n  

o f  n i t r a t e ,  p o t a s h  a n d  H - i o n  r e s p e c t i v e l y ,  a p p r o a c h e d  t h e  

l i m i t s  o f  t o l e r a n c e  o f  t h e  h o s t  p l a n t  o r  a s  i n  X i n  w h i c h  

H - i o n  c o n c e n t r a t i o n  was a l s o  more f a v o r a b l e  f o r  g ro w th  o f
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t h e  f u n g u s  t h a n  i n  o t h e r  p l o t s .

The f a c t  t h a t  a n  i n c r e a s e d  p e r c e n t a g e  i n f e c t i o n  i s  

c l o s e l y  a s s o c i a t e d  w i t h  t h i n  c e l l  w a l l s  a n d  t h a t  t h i s  i s  

p a r t i c u l a r l y  n o t i c e a b l e  i n  c o m p a r in g  r e s u l t s  f o r  t h e  two 

t r i a l s  o f  t h e  same t r e a t m e n t  s u g g e s t s  t h a t  t h e  f u n g o u s  

i n v a s i o n  s o  d i s t u r b s  t h e  h o s t  m e t a b o l i s m  t h a t  n o r m a l  c e l l  

w a l l  t h i c k e n i n g  d o e s  n o t  t a k e  p l a c e #  T h i s  s u g g e s t i o n  i s  

t o  some e x t e n t  s u p p o r t e d  by  t h e  w o r k  o f  Haymaker (1 7 )  a n d  

L i n d f o r d  (2 1 )  w h i c h  i n d i c a t e s  t h a t  F u s a r i u m  s p e c i e s  may be  

c a p a b l e  o f  p r o d u c i n g  s u b s t a n c e s  t o x i c  t o  t h e  h o s t  p l a n t .
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SUMMARY

1* F u s a r i u m  o r t h o c e r a s  App. e t  Wr* v a r*  l o n g i u s  

( S h e r b . )  Wr* h a s  b e e n  f o u n d  a s s o c i a t e d  w i t h  b l a c k  r o o t  r o t  

o f  s t r a w b e r r i e s  i n  M a r y l a n d  a n d  h as  b e e n  shown t o  be  

p a r a s i t i c *

2* A r e v i e w  o f  l i t e r a t u r e  h a s  shown t h a t  a t t a c k  on 

p l a n t s  by  p a r a s i t i c  f u n g i  may be  m o d i f i e d  by s o i l  t r e a t m e n t *

3* An i n v e s t i g a t i o n  o f  c h e m i c a l  a n d  h i s t o l o g i c a l  

c h a r a c t e r s  a s s o c i a t e d  w i t h  s u s c e p t i b i l i t y  o f  s t r a w b e r r y  

r o o t s  t o  b l a c k  r o o t  r o t  a s  i n f l u e n c e d  by  s o i l  t r e a t m e n t  i s  

d e s c r i b e d *  The o r g a n i s m  u s e d  was F u s a r i u m  o r t h o c e r a s  v a r .  

l o n g i u s  *

4* Growth r a t e  o f  t o p s  and  d r y  w e i g h t  o f  r o o t s  was 

n o t  a s s o c i a t e d  w i t h  d e g r e e  o f  r o o t  r o t  i n f e c t i o n .

5* R e l a t i v e l y  t h i c k  w a l l s  i n  t h e  c e l l s  o f  t h e  o u t e r  

c o r t e x  o f  r o o t s  a n d  r e l a t i v e l y  low s u g a r  c o n t e n t  o f  r o o t s  

a n d  c ro w n s  were  f o u n d  a s s o c i a t e d  w i t h  d e c r e a s e d  amounts 

o f  i n f e c t e d  r o o t  t i s s u e .

6 .  F i e l d  o b s e r v a t i o n s  h ave  shown t h a t  s t r a w b e r r y  

p l a n t s  g row n on f e r t i l e  s o i l  w e re  l e s s  i n j u r e d  by  b l a c k  

r o o t  r o t  t h a n  t h o s e  on s o i l s  low i n  n u t r i t i v e  e l e m e n t s .  

E x p e r i m e n t a l  r e s u l t s  i n d i c a t e  t h a t  t r e a t m e n t s  w h ic h  i n ­

c r e a s e  t h e  n i t r a t e  o r  p o t a s s i u m  c o n c e n t r a t i o n  o r  a d j u s t  

t h e  r e a c t i o n  o f  t h e  s o i l  t o  t h e  v i c i n i t y  o f  t h e  l i m i t s  o f  

t o l e r a n c e  o f  t h e  s t r a w b e r r y  p l a n t  may i n c r e a s e  i t s  s u s ­

c e p t i b i l i t y  t o  r o o t  i n j u r y  by  F .  o r t h o c e r a s  v a r .  l o n g i u s .
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c h e m i s t r y  t o  t h e  s t u d y  o f  d i s e a s e  r e s i s t a n c e  i n  
p l a n t s *  J o u r *  Amer* S o c .  Agron* 1 7 ;  676-695*
1925*

D i c k s o n ,  J .  G*, K. P .  L ink* a n d  A. D. D i c k s o n .  N a t u r e  
o f  r e s i s t a n c e  o f  c o r n  t o  s e e d l i n g  b l i g h t .  P h y t o ­
p a t h .  2 3 :  9 .  1 9 3 3 .
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E c k e r s o n .  S .  H* a n d  J .  0 .  D i c k s o n .  The i n f l u e n c e
o f  s o i l  t e m p e r a t u r e  a n d  m o i s t u r e  on t h e  c h e m i c a l  
c o m p o s i t i o n  o f  w h e a t  a n d  c o r n  a n d  t h e i r  p r e d i s ­
p o s i t i o n  t o  s e e d l i n g  b l i g h t .  P h y t o p a t h .  1 3 :
5 0 - 5 1 .  1 9 2 3 .  —

F o r w a r d ,  D. F.  The i n f l u e n c e  o f  a l t e r e d  h o s t  m e t a ­
b o l i s m  u p on  m o d i f i c a t i o n  o f  i n f e c t i o n  t y p e  w i t h  
P u c c i n i a  g r a m i n i s . P h y t o p a t h .  2 2 :  493-555*  1 9 3 2 .

G r e v e ,  E. W. Some r e s p o n s e s  o f  t h e  Howard 17 s t r a w ­
b e r r y  p l a n t  t o  a p p l i c a t i o n s  o f  n i t r o g e n  a n d  
m o i s t u r e  i n  t h e  n o n - f r u i t i n g  a n d  f r u i t i n g  y e a r *
Ph« D. T h e s i s ,  U n i v .  Md. 1935*

Haym aker ,  H. H* R e l a t i o n  o f  t o x i c  e x c r e t o r y  p r o d u c t s  
from tw o  s t r a i n s  o f  F u s a r i u m  l y c o p e r s i c i *  S a c c .  
t o  t o m a t o  w i l t .  J o u r .  A g r .  R e s .  3 6 :  6 9 7 - 7 1 9 .
1 9 2 8 .  —

H e a l d ,  F .  D. Some new h o s t s  f o r  t h e  R h i z o c t o n i a  
d i s e a s e *  P h y t o p a t h .  1 1 :  1 0 5 ,  192 1 .

Hymphrey,  H. B* P l a n t  D i s e a s e  R e p o r t e r  S u p p l .  86 :
3 9 .  1935 .*

L a n g f o r d ,  G* S* a n d  E* J .  A n d e r s o n .  I n s e c t s  and
d i s e a s e s  commonly e n c o u n t e r e d  on s t r a w b e r r i e s .  
T r a n s .  Pe n n .  H o r t .  Soc* B u i .  S t a t e  Bd. A g r .  D e l .
26 ,  No. 5 :  4 5 - 4 6 .  1936 .

L i n d f o r d ,  M. B* S t u d i e s  o f  p a t h o g e n e s i s  a n d  r e s i s t ­
a n c e  i n  p e a  w i l t  c a u s e d  by  F u s a r i u m  o r t h o c e r a s  
v a r -  p i s i . P h y t o p a t h .  2 1 :  797-8S61 1931^

L i n k ,  G* K. K. a n d  H. W* W i l c o x .  R e l a t i o n  o f  n i t r o -
g e n - c a r b o h y d r a t e  n u t r i t i o n  o f  S taym an  a p p l e  t r e e s  
t o  s u s c e p t i b i l i t y  t o  f i r e  b l i g h t .  P h y t o p a t h .
2 6 :  6 4 3 - 6 5 5 .  1 9 3 6 .

Mann, C. E- T* and  E.  B a l l .  S t u d i e s  i n  t h e  r o o t  a n d  
s h o o t  g r o w t h  o f  t h e  s t r a w b e r r y .  Jo u r*  Pomol. 
a n d  H or t*  S c i .  5 :  1 4 9 - 1 6 9 .  1926*

M athew s ,  E a r l e  D. A b i o c h e m i c a l  s t u d y  o f  s o i l  o r g a n i c  
m a t t e r  a s  r e l a t e d  t o  b row n r o o t  r o t  o f  t o b a c c o .
P h .  D* T h e s i s .  U n i v .  Md. 1 9 3 5 .

M e y e r ,  A. H. S e a s o n a l  e f f e c t  o f  l i m e  on s t r a w b e r r i e s .  
S c i e n c e  N* S .  80 :  35* 1 9 3 4 .
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M o r r i s ,  L .  S .  a n d  J .  W* G r i s t .  The i n f l u e n c e  o f  
r e a c t i o n  o f  c u l t u r e  medium on g r o w t h  o f  s t r a w ­
b e r r y  p l a n t s .  M ich  A gr .  E xp .  S t a .  T e c h .  B u i .
7 7 :  1 - 1 6 .  1 9 2 7 .

N o l a n ,  R .  E .  A r o o t  r o t  o f  s t r a w b e r r y  c a u s e d  b y  a
s p e c i e s  o f  D i p l o d i a . P h y t o p a t h *  2 5 :  9 7 4 .  1935*

P l a k i d a s ,  A. G* P y th iu m  r o o t  r o t  o f  s t r a w b e r r i e s  i n  
L o u i s i a n a .  P h y t o p a t h *  2 0 :  1 2 1 - 1 2 2 .  1 9 3 0 .

R o b e r t s ,  R. H. T im e ly  m u l c h i n g  p r e v e n t s  s t r a w b e r r y
,fB l a c k  R o t  I n  j u r y TI. W is .  A gr .  Exp.  S t a .  Ann* R p t . 
B u i .  4 2 8 :  8 3 .  1 9 3 4 .

S p i n k s ,  G* T .  F a c t o r s  a f f e c t i n g  s u s c e p t i b i l i t y  i n  
p l a n t s .  J o u r .  A g r .  S c i .  5 :  2 3 1 - 2 4 7 .  1 9 1 3 .

S t r o n g ,  F .  C. a n d  M* C. S t r o n g .  I n v e s t i g a t i o n s  on 
t h e  b l a c k  r o o t  o f  s t r a w b e r r i e s .  P h y t o p a th *  21 :  
1 0 4 1 - 1 0 6 0 .  1 9 3 1 .

Thomas,  R .  P. The r e l a t i o n  o f  n i t r a t e  n i t r o g e n  a n d  
n i t r i f i c a t i o n  t o  t h e  g r o w t h  o f  t o b a c c o  f o l l o w i n g  
t i m o t h y *  W is .  A g r .  E xp .  S t a .  Res* Bui* 1 0 5 :
1 - 2 8 .  1 9 3 0 .

T r u s c o t t ,  J .  H. L* Fungous r o o t  r o t s  o f  t h e  s t r a w ­
b e r r y .  C a n a d i a n  J o u r .  R e s .  3JL: 1 - 1 7 .  1 9 3 4 .

V a l l e a u ,  W. D . ,  S .  N. F e r g u s  a n d  L.  H e n so n .  R e s i s t a n c e  
o f  r e d  c l o v e r  t o  S c l e r o t i n i a  t r i f o l i o r u m  a n d  i n ­
f e c t i o n  s t u d i e s .  Ky. A gr .  Exp^ S t a .  Bui* 341 :  
1 1 5 -1 3 1 *  1933*

W altm an ,  C* S* E f f e c t  o f  H y d r o g e n - io n  c o n c e n t r a t i o n  
on  t h e  g r o w t h  o f  s t r a w b e r r i e s  on s a n d  and  s o i l  a n d  
s a n d .  Ky. A g r .  Exp.  S t a .  B u i .  3 2 1 :  3 3 1 - 3 5 2 .  1 93 1 .

W h i t e ,  P .  R. S t u d i e s  o f  t h e  p h y s i o l o g i c a l  ana tom y o f  
t h e  s t r a w b e r r y *  J o u r *  A gr .  R e s .  B5: 4 8 1 - 4 9 2 .
1 9 2 7 .

. M y c o r r h i z a  a s  a p o s s i b l e  d e t e r m i n i n g  
f a c t o r  i n  t h e  d i s t r i b u t i o n  o f  t h e  s t r a w b e r r y .  Ann. 
B o t .  4 3 :  5 3 5 - 5 4 4 .  1 9 2 9 .

W h it© h o u se ,  W* C. N u t r i t i o n a l  s t u d i e s  w i t h  t h e  s t r a w ­
b e r r y .  P r o c .  Amer. Soc* H o r t .  S c i .  2 5 :  201-206*
1 9 2 8 .

W o l l e n w e b e r ,  H. W. a n d  0 .  A. R e i n k i n g .  Die  F u s a r i e n .  
P a u l  P a r e y ,  B e r l i n .  1 9 3 5 .  pp .  1 1 2 - 1 1 3 .
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O -INFECTED TISSUE 
0 -TOTAL NITROGEN 
■  -SOLUBLE NITROGEN 
□  -TOTAL SUGAR 
0 -REDUCING SUGAR 
0 -  SUCROSE 
0  -CELL WALL THICKNESS 

(IN MICRONS)

F i g u r e  1 .  D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  r e ­
s u l t s  o f  two y e a r Ts t r i a l s .
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u C E L L  WALL THICKNESS

40
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DRY W T  OF ROOTS30cc
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j_______i__i_
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TISSUE
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P L O T  NUMBER

■pismre 2* G r a p h ic  r e p r e s e n t a t i o n  o f  a s s o c i a t i o n s  
i n  d a t a  f ro m  1 9 3 5 - 3 6  t r i a l s *



P
E

R
C

E
N

T 
P

E
R

C
E

N
T 

.G
R

A
M

S
 

M
IC

R
O

N
S

CELL WALL THICKNESS

DRY W T  OF ROOTS

INCREASE IN NO. LEAVES

PERCENT INFECTED TISSUE
J -LL M ¥1Y f f E  I PLOT NUMBER

F i g u r e  3* G ra p h ic  r e p r e s e n t a t i o n  o f  a s s o c i a t i o n s  
i n  d a t a  f ro m  1 9 3 6 -3 7  t r i a l s *



P la t©  1* l,B l a c k  s t e l e ” symptom i n  
r o o t ,  X 3*
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\

P l a t e  2* f,B l a c k  r o o t 11 symptom, X 1*7*
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P l a t e  3* " B l a c k  r o o t "  symptom on r o o t s  com1 
p a r e d  w i t h  h e a l t h y  r o o t  ( r i g h t ) ,  X



P l a t e  4 .  L o n g i t u d i n a l  s e c t i o n  t h r o u g h  an  
e a r l y  nh l a c k  ro o t '*  l e s i o n ,  X 250.



P l a t e  5* L o n g i t u d i n a l  s e c t i o n  t h r o u g h  a 
su n k e n  " b l a c k  r o o t ” l e s i o n ,  X 220.
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P l a t e  6* C ro s s  s e c t i o n  o f  a s t r a w b e r r y  
r o o t  sh o w in g  s t a r c h  d e p o s i t s ,  X 90*
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P l a t e  7* U n i n o c u l a t e d  f l a t s  b e f o r e  
h a r v e s t •


