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Abstract:
Although take-nail disease of wheat (caused by Gaeumannomyces graminis var. tritici) is not new to
Montana, there has been no research conducted on the disease in this state. Elsewhere, most of the
research concerning take-all has been conducted with winter wheat. These two factors plus the
potential severity of the disease prompted this research on the disease and its effect on irrigated spring
wheat in Montana.

Four objectives were accomplished. One was the determination of the range of the disease in Montana
via an informal field survey. Samples were collected on field trips to various counties and obtained
from the Plant Disease Clinic at Bozeman, MT. Take-all was identified in 11 counties located
throughout Montana including Sheridan, Gallatin, Lake, Hill and Treasure counties.

The second objective was the development of a selective medium (SM-GGT3) which would facilitate
diagnosis and confirmation of the disease. The active ingredient amounts for SM-GGT3 are 10 mg
dicloran, 10 mg metalaxyl, 25 mg HOE 00703, 100 mg streptomycin sulfate and 500 mg L-DOPA per
liter of autoclaved Potato Dextrose Agar (39 g PDA in 1 L distilled water). There was a 32% increase
in take-all isolations using SM-GGT3 when compared with PDA.

A third objective concerned the development of a quick, easy and accurate method to use for disease
assessment that would correlate well with yield loss observations. This was accomplished using 1000
kernel weight and sub-crown internode disease severity ratings. The r% values for two field sites were
-0.917 and -0.906 respectively.

Determining the effect of different forms of nitrogen fertilizer and various levels of chloride containing
fertilizer on take-all severity and spring wheat yields was the fourth objective. The only conclusion
which can be safely made based on the results is that the addition of excess phosphorus when adequate
nitrogen is present did allow spring wheat to tolerate the disease and so produce somewhat higher
yields. 



STUDIES ON THE DETECTION, BIOLOGY AND CONTROL OF 

GAEUHANNOMYCES GRAMINIS VAR. TRiTICI

by

Monica E l l i o t t  Juhnke

A t h e s i s  s u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  
o f  t h e  r e q u i r e m e n t s  f o r  t h e  de g re e

of

Mast er  i n  S c i en c e  

i n

P l a n t  P a t h o lo g y

MONTANA STATE UNIVERSITY 
Bozeman,Montana

March 1983



main lib.

Cop. 3.
i i

APPROVAL

of  a t h e s i s  s u b m i t t e d  by

Monica E l l i o t t  Juhnke

T h i s  t h e s i s  h a s  b e en  r e a d  by e a c h  member  o f  t h e  
t h e s i s  c o m m i t t e e  and  h a s  been  f o u n d  t o  be s a t i s f a c t o r y  
r e g a r d i n g  c o n t e n t ,  E n g l i s h  u s a g e ,  f o r m a t ,  c i t a t i o n s ,  
b i b l i o g r a p h i c  s t y l e ,  and  c o n s i s t e n c y ,  and  i s  r e a d y  f o r  
su b m i s s i o n  t o  t h e  C o l l e g e  of  G r a d u a t e  S t u d i e s .

Date C h a i r p e r s o n ,  Gra du a t e  Committee

Approved f o r  t h e  Major Depar tment

Date Head,  Major Depar tmen t  ^

Approved f o r  t h e  Co l l e g e  of  Gra du a t e  S t u d i e s

Date Graduate Dean



i i i

STATEMENT OF PERMISSION TO USE

In p r e s e n t i n g  t h i s  t h e s i s  i n  p a r t i a l  f u l f i l l m e n t  of  

t h e  r e q u i r e m e n t s  f o r  a m a s t e r ' s  d e g r e e  a t  Mon ta na  S t a t e  

U n i v e r s i t y ,  I  a g r e e  t h a t  t h e  L i b r a r y  s h a l l  make i t  

a v a i l a b l e  t o  b o r r o w e r s  under  r u l e s  o f  t h e  L i b r a r y .  B r i e f  

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

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

s o u r c e  i s  made.

P e r m i s s i o n  f o r  e x t e n s i v e  q u o t a t i o n  f r o m  o r  

r e p r o d u c t i o n  o f  t h i s  t h e s i s  may be g r a n t e d  by my m a j o r  

p r o f e s s o r , o r  i n  h i s / h e r  a b s e n c e ,  by t h e  D i r e c t o r  o f  

L i b r a r i e s  wh e n ,  i n  t h e  o p i n i o n  o f  e i t h e r ,  t h e  p r o p o s e d  

u s e  o f  t h e  m a t e r i a l  i s  f o r  s c h o l a r l y  p u r p o s e s .  Any 

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

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

p e r m i s s i o n .

S igna tu r e^ / f ^ f cz L  

D a t e _ _ _ ^ ^ / c ^ Z k 5

Of , IislZiJfi •



i v

TABLE OF CONTENTS

Chapter Page
1 INTRODUCTION .........................................................   I

2 SURVEY OF MONTANA FOR TAKE-ALL ........................  . 5

Introduction ........
Materials and Methods.
Results and Discussion

3 A SELECTIVE MEDIUM FOR G1
GRAMINIS VAR. TRITICI . .. ........................................ 14

I n t r o d u c t i o n  . ...............................      14
M a t e r i a l s  and Methods .................................. ; . . 17
R e s u l t s ................................................................... ....  25
D i s c u s s i o n ......................................................................... 38

4 RELATIONSHIP. BETWEEN SUB-CROWN INTERNODE
RATINGS AND 1000 KERNEL WEIGHT. . . . . .  50

I n t r o d u c t i o n ......................................   50
M a t e r i a l s  and  M e t h o d s . ...........................................  51
R e s u l t s . ......................  .........................  53
D i s c u s s i o n ......................................................................... 55

5 CONTROL OF TAKE-ALL WITH FERTILIZERS . . . . .  61

I n t r o d u c t i o n ................... ....  ............................. ....  . 61
M a t e r i a l s  and Methods.  .................................   63
R e s u l t s ........................................................................ ....  . 67
D i s c u s s i o n .................................   71

6 SUMMARY. . . . . . . . . .  ....................................... 78

LITERATURE CITED   80

APPENDIX 89

m
 in VD



V

LIST OF TABLES

T ab le  Page

1 R e s u l t s  o f  1981 a nd  1982  s u r v e y  o f  t a k e - a l l
d i s e a s e  i n  Mon ta na  by c o u n t y ,  h o s t ,  f i e l d  
c l i m a t e  and f i e l d  c r o p p i n g  h i s t o r y  . . . . . .  7

2 GaeJimanzmznyces A r a m i n l B  v a r . t r i t i c i  i s o l a t e s
t e s t e d  i n  t h e  d e v e l o p m e n t  o f  t h e  s e l e c t i v e  
medium SM-GGT3 . . ..................................  . . . . . .  19

3 T e s t  f u n g i  u s e d  i n  t h e  d e v e l o p m e n t  o f  t h e
s e l e c t i v e  medium SM-GGT3 ................................................  19

4 A c o m p a r i s o n  o f  q u i n t o z e n e  and  HOE 00703 i n
t h e i r  a b i l i t y  t o  i n h i b i t  common p a t h o g e n i c  
s o i l - b o r n e  f u n g i  . . .  ........................  . . . . . .  26

5 R e s u l t s  o f  i s o l a t i o n s  f r o m  1981 i r r i g a t e d  
whe a t  t i s s u e  s u s p e c t e d  o f  b e i n g  i n f e c t e d  w i t h  
GaetiZBannoznycfiS g r a m  i n i s  v a r .  t i i t i s i  (Ggt)  
u t i l i z i n g  t h e  s e l e c t i v e  medium SM-GGTl . . . .  28

6 Sma l l  g r a i n  p l a n t  s a m p l e s  c o l l e c t e d  i n  1982 . 30

7 R e s u l t s  o f  i s o l a t i o n s  f rom .1982 i r r i g a t e d  and
d r y l a n d  whe a t  and b a r l e y  t i s s u e  s u s p e c t e d  of  
b e i n g  i n f e c t e d  w i t h  Gasnniannoznyces  g r a m i n i s  
v a r .  t r i t i c i  (Ggt)  u t i l i z i n g  t h e  s e l e c t i v e  . 
medium SM-GGT 3 ............................................ ....................... ....  32

8 R e s u l t s  o f  i s o l a t i o n s  f r o m  1982 i r r i g a t e d  
w h e a t  an d  b a r l e y  t i s s u e  s u s p e c t e d  o f  b e i n g  
i n f e c t e d  w i t h  G a a n m an n e mys s s  g n a m i n i s  v a r .  
t r . i t i s i  (Ggt) u t i l i z i n g  t h e  s e l e c t i v e  medium 
S M - G G T 3 ................................................  1. 34

9 Compar i son  be tween  t h e  s e l e c t i v e  medium (SM- 
GGT3) a n d  p o t a t o  d e x t r o s e  a g a r  (PDA) t i s s u e  
i s o l a t i o n  r e s u l t s  u s i n g  1982 i r r i g a t e d  and 
d r y l a n d  whea t  and b a r l e y  t i s s u e  s u s p e c t e d  o f  
be in g  i n f e c t e d  w i t h  Gaeumannomy c e s  a r a m i n i s
v a r .  tnitisi (Ggt)........ ................  35



v i

LIST OF TABLES— Cont inued

Table
10 Compar i son  be tween  t h e  s e l e c t i v e  medium (SM-

GGT3) and  p o t a t o  d e x t r o s e  a g a r  (PDA) t i s s u e  
i s o l a t i o n  r e s u l t s  u s i n g  1982 i r r i g a t e d  whe a t  
and b a r l e y  t i s s u e  s u s p e c t e d  o f  b e in g  i n f e c t e d
w i t h  a n n o m y e g s g ^ s m i n i s  v a r .  t x i t i s i
(Ggt)  . . . . . .  ........................

11 The number o f  Wampum s p r i n g  wheat  p l a n t s  r a t e d
an d  t h e  mean 1000 k e r n e l  w e i g h t  (TKW) f o r  e a c h  
sub -c rown  i n t e r n o d e  (SCI) t a k e - a l l  d i s e a s e
s e v e r i t y  c a t e g o r y  a t  f i e l d  s i t e  I  l o c a t e d  n e a r  
F a i r f i e l d ,  MT. i n  1 9 8 1 ........................ ....

12 The number o f  Newana s p r i n g  whe a t  p l a n t s  r a t e d
and t h e  mean 1000 k e r n e l  w e i g h t  (TKW) f o r  each  
sub-c rown  i n t e r n o d e  (SCI) t a k e - a l l  d i s e a s e
s e v e r i t y  c a t e g o r y  a t  f i e l d  s i t e  2 l o c a t e d  n e a r  
Ulm, MT. i n  1981 . . . . . . . . . . . . . . .

13 N i t r o g e n  f e r t i l i z e r s  u s e d  i n  1981 f o r  t h e
c o n t r o l  o f  t a k e - a l l  ................................................. ....  .

14 E f f e c t  o f  d i f f e r e n t  r a t e s  o f  c h l o r i d e  on
Wampum s p r i n g  w h e a t  g r a i n  y i e l d , t e s t  w e i g h t ,  
1000 k e r n e l  w e i g h t  (TKW) and  s u b - c r o w n  
i n t e r n o d e  (SCI) mean d i s e a s e  r a t i n g  (MDR) o f  
t a k e - a l l  m ea su r ed  on two d i f f e r e n t  d a t e s  i n  
1981 .........................................................................................

15 E f f e c t  o f  d i f f e r e n t  f o r m s  o f  n i t r o g e n
f e r t i l i z e r  a n d  no n i t r o g e n  on Wampum s p r i n g  
wheat  g r a i n  y i e l d ,  t e s t  w e i g h t ,  1000  k e r n e l  
w e i g h t  (TKW) a n d  s u b - c r o w n  i n t e r n o d e  (SCI) 
mean d i s e a s e  r a t i n g  (MDR) o f  t a k e - a l l  measu red  
on tw o  d i f f e r e n t  d a t e s  i n  1981 . . . . . . . .

16 E f f e c t  o f  d i f f e r e n t  f o r m s  o f  n i t r o g e n
f e r t i l i z e r  a nd  no n i t r o g e n  on s p r i n g  w h e a t  
r h i z o s p h e r e .  s o i l  pH, n i t r a t e  c o n t e n t  and 
ammonium c o n t e n t  on two d i f f e r e n t  d a t e s  i n  
1981 ..................................................................................  . . .

17 E f f e c t s  o f  t a k e - a l l  on i r r i g a t e d  G a i ne s  w i n t e r
whea t  w i t h  i n c r e a s i n g  r a t e s  o f  two s o u r c e s  o f  
n i t r o g e n  a p p l i e d  23 March 1967 . . ........................

Page

3 5

54

. 54 

65

68

69

71

76



v i i

LIST OF TABLES -  c o n t i n u e d

Tab l e  Page

18 The e f f e c t s  o f  t h e  a d d i t i o n  o f  a n t i - f u n g a l
c o m p ou n ds  on QflSJtiinsimfiinyses g r a m i n i s  v a r .  
t r i t i c i  m y c e l i a l  g r o w t h  ..............................................  90

19 Gaeumannomy c e s  g r a mi n i s  v a r .  t r i t i c i  m y c e l i a l  
g r ow th  e f f e c t s  due t o  t h e  a d d i t i o n  o f  100 ug /ml
o f  v a r i o u s  c a r b o n  s o u r c e s  t o  a ba se  medium. . . 92

20 Gaeumannomyces  g r a m i n i s  v a r .  t r i t i c i  m y c e l i a l
g r o w t h  e f f e c t s  due  t o  t h e  a d d i t i o n  o f  1000  
u g / m l  o f  v a r i o u s  c a r b o n  s o u r c e s  t o  a b a s e  
medium....................................................................................... . . . 93

21 T h e  e f f e c t s  o f  v a r i o u s  b a s a l  m e d i a  on
Gaeumannomyces  g r ami n i s  v a r .  t r i t i c i  myce l i a l -  
g rowth . .................................................................................. ....  94

22 The e f f e c t s  o f  t h e  a d d i t i o n  o f  a n t i - b a c t e r i a l
co m p ou nd s  on G s s u m s n n o m y e s s  g r a m i n i s  v a r .  
t r i t i c i  m y c e l i a l  g r o w t h ................................................  94

23 The e f f e c t s  o f  t h e  a d d i t i o n  o f  v a r i o u s  l e v e l s  
o f  o r g a n i c  c o m p o u n d s  on  G a s n m a n n e m y c s s  
g r a min i s  v a r .  t r i t i c i  m y c e l i a l  g ro wth  . . . . 95



v i i i

LIST OF FIGURES
■

F i g u r e  Page

1 A co mp ar i so n  be tween  p o t a t o  d e x t r o s e  a g a r  
(PDA) and t h e  . t a k e - a l l  s e l e c t i v e  medium 
(SM-GGT3) i n  t h e  e f f i c i e n c y  o f  i s o l a t i n g  
Gaeumannoznyces  g n a m i n i s  v a r .  t s i t i c i  (Ggt)
f rom . n a t u r a l l y  i n f e c t e d  whea t  t i s s u e  . . . .  33

2 M e l a n i n  f o r m a t i o n  f r o m  t y r o s i n e  ....................  . 44

3 R e g r e s s i o n  e q u a t i o n  and  c o n f i d e n c e  i n t e r v a l s
f o r  t h e  r e l a t i o n s h i p  b e t w e e n  t a k e - a l l  s u b ­
crown i n t e r n o d e  (SCI) s e v e r i t y  r a t i n g  and 1000 
k e r n e l  w e i g h t  f o r  Wampum s p r i n g  wheat  i n  a 
f i e l d  l o c a t e d  n e a r  F a i r f i e l d , MT i n  1981 .  . . .  56 4

4 R e g r e s s i o n  e q u a t i o n  and  c o n f i d e n c e  i n t e r v a l s
f o r  t h e .  r e l a t i o n s h i p  b e t w e e n  t a k e - a l l  s u b -  
crown i n t e r n o d e  (SCI) s e v e r i t y  r a t i n g  and 1000 
k e r n e l  w e i g h t  f d r  Newana s p r i n g  . whea t  i n  a 
f i e l d  l o c a t e d  n e a r  U lm, MT i n  1981 .  . . . . . .  57



ABSTRACT

A l t h o u g h  t a k e ^ a l l  d i s e a s e  o f  w h e a t  ( c a u s e d  by 
Ga eu m a n n om y c es  S ^ a i n i n i s  v a r .  t r i t i c i )  i s  n o t  new t o  
M o n t a n a , t h e r e  h a s  b e e n  no r e s e a r c h  c o n d u c t e d  on t h e  
d i s e a s e  i n  t h i s  s t a t e .  E l s e w h e r e ,  m o s t  o f  t h e  r e s e a r c h  
c o n c e r n i n g  t a k e - a l l  ha s  been co n d uc t e d  w i t h  w i n t e r  wheat .  
T h e s e  two  f a c t o r s  p l u s  t h e  p o t e n t i a l  s e v e r i t y  o f  t h e  
d i s e a s e  p r o m p t e d  t h i s  r e s e a r c h  on t h e  d i s e a s e  and  i t s  
e f f e c t  on i r r i g a t e d  s p r i n g  wh ea t  i n  Montana.

Fo u r  o b j e c t i v e s  w e r e  a c c o m p l i s h e d .  One was  t h e  
d e t e r m i n a t i o n  of  t h e  r ang e  of  t h e  d i s e a s e  i n  Montana v i a  
an  i n f o r m a l  f i e l d  s u r v e y .  S a m p l e s  w e r e  c o l l e c t e d  on 
f i e l d  t r i p s  t o  v a r i o u s  c o u n t i e s  an d  o b t a i n e d  f r o m  t h e  
P l a n t  D i s e a s e  C l i n i c  a t  B o z e m a n ,  MT. T a k e - a l l  was  
i d e n t i f i e d  i n  11 c o u n t i e s  l o c a t e d  t h r o u g h o u t  Montana  
i n c l u d i n g  S h e r i d a n ,  G a l l a t i n ,  L ak e ,  H i l l  an d  T r e a s u r e  
c o u n t i e s .

The s e c o n d  o b j e c t i v e  was  t h e  d e v e l o p m e n t  o f  a 
s e l e c t i v e  m e d i u m  (SM-GGT3) w h i c h  w o u l d  f a c i l i t a t e  
d i a g n o s i s  an d  c o n f i r m a t i o n  o f  t h e  d i s e a s e .  The a c t i v e  
i n g r e d i e n t  amoun ts  f o r  SM-GGT3 a r e  10 mg d i c l o r a n ,  10 mg 
m e t a l a x y l ,  25 mg HOE 00703,  100 mg s t r e p t o m y c i n  s u l f a t e  
and 500 mg L-DOPA p e r  l i t e r  o f  a u t o c l a v e d  P o t a t o  Dex t ro s e  
Aga r  (39 g PDA i n  I  L d i s t i l l e d  w a t e r ) . T h e r e  was  a 32% 
i n c r e a s e  i n  t a k e - a l l  i s o l a t i o n s  u s i n g  SM-GGT3 when 
compared  w i t h  PDA.

A t h i r d  o b j e c t i v e  c o n c e r n e d  t h e  d e v e l o p m e n t  o f  a 
q u i c k ,  e a s y  a nd  a c c u r a t e  m e t h o d  t o  u se  f o r .  d i s e a s e  
a s s e s s m e n t  t h a t  w o u l d  c o r r e l a t e  w e l l  w i t h  y i e l d  l o s s  
o b s e r v a t i o n s .  T h i s  was  a c c o m p l i s h e d  u s i n g  1000  k e r n e l  
w e i g h t  and sub -c ro wn  i n t e r n o d e  d i s e a s e  s e v e r i t y  r a t i n g s .  
The r 2 v a l u e s  f o r  tw o  f i e l d ,  s i t e s  w e r e  - 0 . 9 1 7  a n d  - 0 . 9 0 6  
r e s p e c t i v e l y .

D e t e r m i n i n g  t h e  e f f e c t  o f  d i f f e r e n t  f o r m s  o f  
n i t r o g e n  f e r t i l i z e r  an d  v a r i o u s  l e v e l s  o f  c h l o r i d e  
c o n t a i n i n g  f e r t i l i z e r  on t a k e - a l l  s e v e r i t y  a n d  s p r i n g  
w h e a t  y i e l d s  w a s  t h e  f o u r t h  o b j e c t i v e .  The  o n l y  
c o n c l u s i o n  which  can  be s a f e l y  made based  on t h e  r e s u l t s  
i s  t h a t  t h e  a d d i t i o n  o f  e x c e s s  p h o s p h o r u s  when a d e q u a t e  
n i t r o g e n  i s  p r e s e n t  d i d  a l l o w  s p r i n g  w h e a t  t o  t o l e r a t e  
t h e  d i s e a s e  and so p roduce  somewhat  h i g h e r  y i e l d s .
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Cha p te r  I  

I n t r o d u c t i o n

T a k e - a l l  d i s e a s e  i s  a r o o t  and  c r o w n  d i s e a s e  o f  

w h e a t  and  b a r l e y  g r own  w i t h  m o i s t  s o i l  c o n d i t i o n s  

p r od uce d  by i r r i g a t i o n  o r  h ig h  r a i n f a l l .  I t  i s  c aused  by 

t h e  s o i l - b o r n e  f u n g u s  Gaeumannomy c e s  g r a mi n i s  (Sacc. )  Arx 

& O l i v i e r  v a r .  tx.jjfc.ici ( W a l k e r )  (Ggjfc). I f  t h e  p l a n t s  

h a v e  m i l d  i n f e c t i o n s  a nd  e x h i b i t  n o . v i s i b l e  sy m p t o m s ,  

y i e l d  l o s s e s  o f t e n  go u n d e t e c t e d .  However,  when symptoms 

become o b v i o u s  ( s t u n t e d  p l a n t s ,  s t e r i l e  h e a d s ,  r o t t e d  

r o o t s ) ,  y i e l d s  c a n  be  r e d u c e d  by .  m o r e  t h a n  50% 

( W i e s e , 1 9 7 7 ) .  The d i s e a s e  o c c u r s  w o r l d w i d e  and  i s  

e s p e c i a l l y  i m p o r t a n t  i n  w e s t e r n  A u s t r a l i a ,  Europe,  South  

A f r i c a ,  j a p a n  a n d  a r e a s  o f  N o r t h  and  S o u t h  A m e r i c a .  A 

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

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

o f  t h e  d i s e a s e  a nd  m e t h o d s  f o r  i t s  c o n t r o l  (As he r  and  

S h i p t o n , 1 9 8 1 ) .

A l t h o u g h  t a k e - a l l  d i s e a s e  o f  w h e a t  i s  n o t  new t o  

M o n t a n a ,  t h e r e  h a s  b e e n  no r e s e a r c h  c o n d u c t e d  on t h e  

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

t a k e - a l l  i n  Mon ta na  was  24 y e a r s  ago  ( S h a r p , 1 9 5 9 ) .  I n
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S h a r p ' s  r e p o r t ,  i t  was  i n d i c a t e d  t h e  d i s e a s e  ha d  c a u s e d  

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

s t a t e .  The l a c k  o f  r e c e n t  i n f o r m a t i o n  on t a k e - a l l  i n  

Montana i s  n o t  due t o  i t s  d i s s i p a t i o n  b u t  r a t h e r  because  

i t  i s  p r i m a r i l y  an i r r i g a t e d  w h e a t  d i s e a s e .  Only  a 

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

i r r i g a t e d .  The i r r i g a t e d  wh ea t  h e c t a r a g e  i n  Montana has  

d o u b l e d ,  t h o u g h ,  i n  t h e  p a s t  10 y e a r s  t o  5 1 , 7 6 0  ha  i n  

1981 (Montana A g r i c u l t u r a l  S t a t i s t i c s ,  1982) .  Along w i t h  

t h i s  i n c r e a s e  i n  h e c t a r a g e  t h e r e  h a s  b e e n  an  i n c r e a s e d  

a w a r e n e s s  t h a t  i r r i g a t e d  whe a t  ha s  t h e  p o t e n t i a l  t o  y i e l d  

up t o  6700  k g / h a  when f e r t i l i t y  an d  w a t e r  r e s o u r c e s  a r e  

p r o p e r l y  m an a ge d .  I n  t h e  p a s t  2 y e a r s ,  I  h a v e  o b s e r v e d  

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

i r r i g a t e d  w h e a t  i s  t a k e - a l l .  I n  1980 Ggt  was  i s o l a t e d  

v i a  b a i t i n g  t e c h n i q u e s  (Ma thre ,  p e r s o n a l  communica t i on )  

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

s u s t a i n e d  s e v e r e  y i e l d  l o s s  due t o  t a k e - a l l .  These  were  

t h e  f i r s t  Ggt  i s o l a t e s  c o l l e c t e d  f rom Montana.

An e x t e n s i v e  a m o u n t  o f  r e s e a r c h  h a s  b e e n  don e  on Ggt  

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

W a s h i n g t o n ,  I d a h o  an d  Ore gon  (As he r  and  S h i p t o n , 1 9 8 1 # 

W a l k e r , 1975) .  Cook e t  a l .  (1968) s t a t e d  t h a t  mos t  of  t h e  

y i e l d  l o s s  due t o  Ggt i n  t h e  P a c i f i c  N o r t h w e s t  o c c u r s  i n  

w i n t e r  w h e a t  f i e l d s  r a t h e r  t h a n  s p r i n g  w h e a t .  T h i s  i s
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due  t o  t h e  l ow  p e r c e n t a g e  o f  i r r i g a t e d  s p r i n g  w h e a t  i n  

t h o s e  s t a t e s .  For t h i s  r e a s o n  mos t  o f  t h e  f i e l d  r e s e a r c h  

co n d u c t ed  w i t h  t a k e - a l l  i n  t h e  P a c i f i c  N o r t h w e s t  ha s  been 

w i t h  w i n t e r  w h e a t .  I n  M o n t a n a ,  h o w e v e r ,  w i n t e r  w h e a t  

a c c o u n t s  f o r  o n l y  17% o f  t h e  i r r i g a t e d  w h e a t .  T h i s  

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

p r o m p t e d  me t o  i n i t i a t e  r e s e a r c h  on t h e  d i s e a s e  and  i t s  

e f f e c t  on i r r i g a t e d  s p r i n g  wh ea t  i n  Montana.

F o u r  o b j e c t i v e s  w e r e  o u t l i n e d .  F i r s t  w a s  t o  

d e t e r m i n e  t h e  r a n g e  o f  t h e  d i s e a s e  i n  Mon t an a  v i a  an  

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

s e l e c t i v e  medium w h i c h  w o u l d  f a c i l i t a t e  d i a g n o s i s  and  

c o n f i r m a t i o n  o f  t h e  d i s e a s e .  A s e l e c t i v e  medium w o u l d  

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

f rom p a t h o g e n i c i t y  t e s t s  t o  t a k e - a l l  d e c l i n e  e x p e r i m e n t s .  

The t h i r d  o b j e c t i v e  co n ce rn e d  t h e  de ve lopmen t  o f  a q u i c k ,  

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

t h a t  would  c o r r e l a t e  w e l l  w i t h  y i e l d  l o s s  o b s e r v a t i o n s .  

The  f o u r t h  o b j e c t i v e  w a s  t o  e x a m i n e  t h e  e f f e c t  o f  

d i f f e r e n t  f o r m s  o f  n i t r o g e n  f e r t i l i z e r  and v a r i o u s  l e v e l s  

o f  c h l o r i d e  f e r t i l i z e r  on t a k e - a l l  s e v e r i t y  a n d  s p r i n g  

whe a t  y i e l d s .  R e s e a r c h  f rom Idaho  (Huber e t  a l . , 1 9 6 8 )  and 

W a s h i n g t o n  ( S m i l e y  a n d  C o o k , 1 9 7 3 )  h a v e  s h o w n  t h a t  

ammonium ba sed  f e r t i l i z e r s  e f f e c t i v e l y  d e c r e a s e  t a k e - a l l  

s e v e r i t y  i n  w i n t e r  w h e a t .  C h r i s t e n s e n  e t  a l .  (1981)
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showed t h a t  c h l o r i d e  c o n t a i n i n g  f e r t i l i z e r s  a l s o  p roduced  

some c o n t r o l  o f  t h e  d i s e a s e  i n  w i n t e r  w h e a t .  I  w i s h e d  t o  

d e t e r m i n e  i f  t h e  e x p e r i m e n t a l  r e s u l t s  and  r ec om m e nd ed  

c o n t r o l s  w h i c h  w e r e  d e v e l o p e d  f r o m  t h e s e  e x p e r i m e n t s  

were  a p p l i c a b l e  t o  Ggt  i n f e c t e d  i r r i g a t e d  s p r i n g  wheat  i n

Montana.
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Chap te r  2

Survey o f  Montana f o r  T a k e - a l l  

INTRODUCTION

Sin c en o  r e s e a r c h  ha s  been co n d u c t ed  on t a k e - a l l  i n  

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

su r v e y  t o  p r o v i d e  i n f o r m a t i o n  on Ggt d i s t r i b u t i o n ,  c ro p s  

i n f e c t e d  and  t h e  c r o p p i n g  h i s t o r y  o f  i n f e c t e d  f i e l d s .  

The l a t t e r  c o u ld  be p a r t i c u l a r l y  i m p o r t a n t  i n  d e t e r m i n i n g  

i f  t h e  t a k e - a l l  d e c l i n e  p h e n om en on  o c c u r s  i n  Montana .  

T a k e - a l l  d e c l i n e  i s  d e f i n e d  "as  t h e  s p o n t a n e o u s  r e d u c t i o n  

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

c r o p p i n g  o f  w h e a t  a n d  b a r l e y "  ( R o v i r a  a n d  

W i l d e r m u t h f I 9 8 1 ) .  T h i s  s p e c i f i c  a n t a g o n i s m  o r  

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

h i s t o r i e s  co u ld  a l s o  p r o v i d e  a  method of  p r e d i c t i n g  which  

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

Ggt  and s u s t a i n i n g  a s u b s t a n t i a l  y i e l d  l o s s .

MATERIALS AND METHODS

F i e l d  s a m p le s  we re  c o l l e c t e d  i n  1981 and 1982 d u r i n g  

f i e l d  t r i p s  t o  n o r t h c e n t r a l ,  n o r t h e a s t e n  Montana and i n  

G a l l a t i n  County.  The m a j o r i t y  o f  s a m p le s  were  c o l l e c t e d  

f r o m  i r r i g a t e d  s m a l l  g r a i n  f i e l d s  -  e s p e c i a l l y  t h o s e
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e x h i b i t i n g  f i e l d  sy m p t o m s  o f  t a k e - a l l .  A f ew  s a m p l e s  

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

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

e n v i r o n m e n t .  Farm s a m p l e s  s e n t  t o  t h e  Mon tana  S t a t e  

U n i v e r s i t y  P l a n t  D i s e a s e  C l i n i c  i n  Bozeman ,  MT. w h i c h  

w e r e  s u s p e c t e d  o f  b e i n g  i n f e c t e d  w i t h  Qgt  w e r e  g i v e n  t o  

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

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

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

i r r i g a t i o n  ( i f  i r r i g a t e d )  a n d  f i e l d  c r o p p i n g  h i s t o r y .  

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

p a t t e r n  i n  t h e  f i e l d  a nd  y i e l d  was  a l s o  n o t e d  f o r  some 

f i e l d s .  A l l  s a m p l e s  i n  T a b l e  I  w e r e  c o n f i r m e d  a s  t a k e -  

a l l  by i s o l a t i n g  Q g t  f r o m  t h e  t i s s u e  u s i n g  t e c h n i q u e s  

d e s c r i b e d  i n  C ha p t e r  3.

RESULTS AND DISCUSSION

Tab l e  I  i s  a summary o f  i n f o r m a t i o n  c o n c e r n i n g  each  

s amp le  f rom wh ich  Ggt  was i s o l a t e d .  The m a j o r i t y  o f  t h e  

s a m p l e s  w e r e  i r r i g a t e d  s p r i n g  w h e a t  a s  w a s  e x p e c t e d .  

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

t a k e - r a i l  d i s e a s e  -  up t o . 50% f o r  some f i e l d s .  Qgt  was  

i s o l a t e d  f rom b a r l e y  i n  t h r e e  i r r i g a t e d  f i e l d s  and f rom 

w i n t e r  and s p r i n g  whe a t  i n  f o u r  d r y l a n d  f i e l d s .  The g r a i n  

y i e l d  i n  t h e s e  s even  f i e l d s  was n o t  e f f e c t e d  by t a k e - a l l .  

T h i s  i n d i c a t e d  t h e  h o s t  r an ge  o f  Ggt  among c e r e a l s  grown



7

Table I .  R e s u l t s  o f  1981 and 1982  s u r v e y  o f  t a k e - a l l
d i s e a s e  in  Montana by. c o u n t y ,  h o s t ,  f i e l d
c l i m a t e  and f i e l d  cropping h i s t o r y .

Gbunty & 
ELeLdND.

Host1- Field
GLimabê

Field Cropping History3

Raidera
#1 B I ISTTNiyland grain; TS=Ê ; T9=£W; KNEW

32 9? I lS7T=dryIand grain; T8=B; T9=SF; KNSW

#3 W I ISfn-SL=SiJ

Gallatin
#1 SfJ I Img term ixricptim; crops unknown

32 SW I Icrq term irrigation; crops unknown

#3 SW I Icrq term irrigation; craps unknown

M EW I long term irrigation; crops unknown

Chscafe
#1 SJ I ISTNtiryland native grass; TB=FB; T9=£W; KNEW

32 B I 197T=dryland native grass; T8-8L=£W

' #3 . EW I ISTNtirylarri grain; T8=B; T9-KNEW; 8L=B

34 B I ISTNdryland grain; T8=B; T9-KNSW; 8L=̂

Tetm
#1 , SW I ISTS-KNalfelfe

32 .SW I 1576-KN^rirq grains

#3 Sfl I ISTG-KNspring grains

34 SfJ I lST2-77=al£alfe; T8-KNB; SL=EW

. 35 SW . I unknpm

Lake
31 W I unknown

Treasure
31 WJ I unknown
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T a b l e  I -  c o n t i n u e d

Qsunty & 
ELeLd Nd.

Host1 2 3 4 EleLd _ 
Qinabe?

Field Cropping History*

Hill
#1 at D ISTT=SEL; 78=VW; TS=SL; 0>=VW; EO=SL

#2 . SW D sutmer fa] low/grain rotation

' #3 M D aimer fallow/grain rotation

Chouteau
#1 VW D ocntiniiXB dryland grain

BLaim
#1 Hf I 1981=dryland grain

Ebrk
#1 Hf I ISTT=Chyland native grass; TS-SL= r̂ing grains

Sieridan
#1 Df I 198Q=dryland grain; SL=Df

#2 Df I ISSWryland grain; SL=Df

#3 . Df I ' ISSOdryland grain; SL=Df

U Df I ISSWryland grain; SL=Df

1 B=terley; 3tf=sp;jng vieat; DWurun viaat; VtW=Vrinber wheat.
2 I=drrigated;. D=dryland.
3 Pu r i f y; Sif=^ring v to t ;  DWurun v to t ;  VWvdnte: wheat; SEWrifLowers; 

SEImnmer fallow; EB=Eaka beans
4 unless indicated otherwise, tie  crop was irrigated.
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i n  Montana.  A l though  b a r l e y  becomes  i n f e c t e d  i t  u s u a l l y  

s u s t a i n s  m in i m a l  y i e l d  l o s s  due t o  a l o we r  i n c i d e n c e  and 

s e v e r i t y  o f  i n f e c t i o n  t h a n  w h e a t  ( S h i p t o n , 1 9 7 5 ) .  

H o w ev e r ,  b a r l e y  may p e r m i t  b e t t e r  s u r v i v a l  o f  Ggt  t h a n  

w i n t e r  and  s p r i n g  w h e a t  a s  i n d i c a t e d  by s t u d i e s  i n  

A u s t r a l i a  ( C h a m b e r s  a n d  F l  e n t  j  e , 1 9(> 8 ) v a n d  E n g l a n d  

( S h i p t o n , 1 9 8 1 ) .

I s o l a t i o n  o f  Ggb f r o m  p l a n t s  g rown  u n d e r  d r y l a n d  

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

p r e s e n t  a n d  s u r v i v i n g  i n  a l l  d r y l a n d  s o i l s  i n  Montana
> 1

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

MacNish (1973) d e t e r m i n e d  t h a t  a low s o i l  w a t e r  p o t e n t i a l  

and  a l ow t e m p e r a t u r e  w e r e  o p t im u m  f o r  s u r v i v a l  o f  Ga t .  

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

c o m p e t i t o r s .  No l o w e r  l i m i t  o f  w a t e r  p o t e n t i a l  ha s  been 

found  f o r  Ggt  s u r v i v a l .  Co ns e q u e n t l y ,  a we t  s o i l  w i t h  a 

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

f ung us  and t h e r e f o r e  d i s e a s e  i n c i d e n c e  and s e v e r i t y ,  b u t  

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

s u r v i v a l .

T h i s  h e l p s  t o  e x p l a i n  why t a k e - a l l  c a n  become so 

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

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

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

c o n d i t i o n s ,  a s  shown by t h i s  s u r v e y ,  and does  p a r a s i t i z e
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c e r e a l  g r a i n s  a n d / o r  g r a s s  weeds .  However ,  few symptoms 

d e v e l o p  a nd  t h e r e  i s  no e v i d e n t  y i e l d  l o s s .  When t h e s e  

s ame  f i e l d s  a r e  p u t  u n d e r  i r r i g a t i o n ,  t h e  o r g a n i s m ' s  

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

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

d i s e a s e  s e v e r i t y .  As can  be n o t e d  i n  T a b l e  I ,  a l a r g e  

p e r c e n t a g e  of  t h e  f i e l d s  we re  p r e v i o u s l y  d r y l a n d  f i e l d s .  

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

w h e a t  f o r  3 y e a r s  o r  l o n g e r  w e r e  d e t e r m i n e d  t o  be  

s u f f e r i n g  50% y i e l d  l o s s .  T a k e - a l l  s y m p t o m a t i c  p l a n t s  

w e r e  e a s i l y  i d e n t i f i e d  e v e n  i n  f i e l d s  w h i c h  had  b e en  

i r r i g a t e d  s p r i n g  wh ea t  f o r  o n l y  one o r  two s e a s o n s .

Two f i e l d s  i n  C a s c a d e  C o u n t y  (#1  a n d  #2) h a v e  

s u f f e r e d  y i e l d  l o s s e s  o f  30% t o  50%. T h i s  i s  n o t  u nu sua l  

f o r  f i e l d s  p lowed f rom d r y l a n d  n a t i v e  g r a s s  and c ropped  

t o  i r r i g a t e d  s m a l l  g r a i n s  f o r  2 o r  3 y e a r s .  S t u d i e s  f rom 

W a s h i n g t o n ,  Or eg on  an d  I d a h o  (Cook e t a l . , 1 9 6 8 ;  S h i p t o n  

e t  a l . , 1 9 7 3 )  h a v e  r e p o r t e d  o b s e r v a t i o n s  o f  t h e  same 

phe nom en on .  H o w ev e r ,  S h i p t o n  e t  a l .  (1973)  n o t e d  t h a t  

f i e l d s  i n  e a s t e r n  W a s h i n g t o n  a nd  i n  t h e  C o l u m b i a  B a s i n  

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

i r r i g a t e d  g r a i n  p r o d u c t i o n  d e v e l o p e d  l i t t l e  o r  no t a k e -
■ ■ I '

a l l .  T h i s  was due t o  a b i o l o g i c a l  f a c t o r  a n t a g o n i s t i c  t o  

Q g t . B a s e d  on my s u r v e y  t h i s  i s  n o t  t r u e  f o r  Montana .
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S e v e r e  t a k e - a l l  w i t h  up t o  50% y i e l d  l o s s  d e v e l o p e d  i n  

f i e l d s  w i t h  t h e  h i s t o r y  S h i p t o n  e t  a l .  (1973) d e s c r i b e d .

W h e t h e r  t h i s  b i o - c o n t r o l  f a c t o r  e x i s t s  i n  Montana  

f i e l d s  o f  l o n g  t e r m  i r r i g a t e d  w h e a t  i s  n o t  known.  I  ha v e  

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

f i e l d ' s  c r o p p i n g  h i s t o r y  f o r  t h e  p a s t  10 t o  15 y e a r s .  

Where  l o n g  t e r m  i r r i g a t i o n  d o e s  o c c u r  i n  M o n t a n a ,  f o r  

examp le  Te ton  County,  a l f a l f a  i s  o f t e n  i n c o r p o r a t e d  i n t o  

t h e  c r o p  r o t a t i o n .  I t  h a s  b e e n  shown,  t h a t  a l f a l f a  c an  

c a u s e  a t a k e - a l l  s u p p r e s s i v e  s o i l  t o  become t a k e - a l l  

c o n d u c i v e  ( C o o k , 1 9 8 1 a ) . Cook e t  a l .  (1968)  i n  t h e i r

su r v e y  o f  Wash ing ton ,  Oregon and Idaho ,  n o t e d  t h e  "common 

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

a l f a l f a " .  B e c a u s e  a l f a l f a  i s  r e g u l a r l y  g r o w n  i n  l o n g  

t e rm  i r r i g a t e d  r o t a t i o n s ,  t a k e - a l l  s u p p r e s s i v e  s o i l s  w i l l  

be r a r e  i n  t h e s e  f i e l d s  o f  Montana.

Walker  (1975) d e f i n e d  t h e  s i x  c o n d i t i o n s  under  which  

t h e  d i f f e r e n t  f o r m s  o f  t a k e - a l l  s u p p r e s s i o n  may deve lop .

I t  now s e e m s  p o s s i b l e  t o  d i s t i n g u i s h  a t  l e a s t  s i x  
c o n d i t i o n s  o f  d i s e a s e  s u p p r e s s i o n ,  some o r  a l l  o f  w h i c h  
may t u r n  o u t  t o  be  r e l a t e d ,  o r  g r o u p e d  t o g e t h e r  w i t h  
s i m i l a r  u n d e r l y i n g  c a u s e s .  The d i s t i n c t i o n  i s  made h e r e  
o n l y  t o  t r y  t o  c l a r i f y  t h e  l i t e r a t u r e  on t h e  phenomena  
a nd  d o e s  n o t  i m p l y  a r e a l  d i s t i n c t i o n  b e t w e e n  t h e m ,  
a l t h o u g h  i t  may e x i s t  i n  some c a s e s .  The c o n d i t i o n s  a r e :

( i )  s u p p r e s s i o n  d e v e l o p e d  w i t h i n  a f ew  s e a s o n s  i n  
t h e  p r e s e n c e  o f  t h e  s e v e r e l y  d i s e a s e d  h o s t  
( b o t h  p a t h o g e n  a nd  d i s e a s e d  h o s t  p r e s e n t )  -  
t h i s  i s  t a k e - a l l  d e c l i n e  (TAD) a s  s t u d i e d  by 
S h i p t o n  (1972a) and o t h e r  B r i t i s h  w o r k e r s .
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( i i )  s u p p r e s s i o n  de v e l o p ed  ove r  a l ong  p e r i o d  i n  t h e  
p r e s e n c e  o f  t h e  d i s e a s e d  h o s t  ( b o t h  p a t h o g e n  
and d i s e a s e d  h o s t  p r e s e n t )  -  t h i s  i s  t h e  l ong  
t e rm  d e c l i n e  o f  t a k e - a l l  i n  o l d e r  a g r i c u l t u r a l  
a r e a s  d i s c u s s e d  by Zogg (1969).

( i i i )  s u p p r e s i o n  d e v e l o p e d  i n  t h e  p r e s e n c e  o f  t h e  
h e a l t h y  h o s t , a p p a r e n t l y  w i t h o u t  s e v e r e  
d i s e a s e  h a v i ng  o c c u r r e d  ( h e a l t h y  h o s t  p r e s e n t ,  
p a t h o g e n  d e t e c t a b l e  i n  s o i l  b u t  c a u s i n g  no 
o b v i o u s  d i s e a s e )  -  t h i s  i s  t h e  a n t a g o n i s m  
s t u d i e d  i n  t h e  s u p p r e s s i v e  w h e a t  s o i l s  o f  
e a s t e r n  Washing ton  by Sh i p t o n  e t  a l .  (1973).

( i v )  s u p p r e s s i o n  d e v e l o p e d  i n  t h e  p r e s e n c e  o f  n o n -  
h o s t s  -  t h i s  i s  t h e  a n t a g o n i s m  r e p o r t e d  by 
Zogg ( 1 9 6 9 ; 1 9 7 2 ) , a n d  w e l l  known f r o m  t h e  
p r a c t i c a l  use  o f  c r o p  r o t a t i o n  a s  a means of  
m i n i m i s i n g  t a k e - a l l  i n  t h e  f i r s t  f o l l o w i n g  
c e r e a l  c rop .

(v) a n t a g o n i s m  t o  t h e  p a r a s i t e  d e v e l o p e d  i n  t h e  
a b s e n c e  o f  t h e  h o s t ,  b u t  t h e  p r e s e n c e  o f  a 
v i r u l e n t  i s o l a t e  o f  t h e  pa tho ge n  ( h o s t  a b s e n t ,  
p a t h o g e n  p r e s e n t )  -  t h i s  i s  t h e  phenomenon  
r e p o r t e d  by G e r l a g h  (1968)  an d  S h i p t o n  (1969 ,  
q u o t e d  i n  S h i p t o n ,  1972a) .

( v i )  t h e  g e n e r a l  n o n - s p e c i f i c  a n t a g o n i s m  shown by 
many s o i l s  ( G e r l a g h , ! 968) and  w h i c h  s e e m s  
q u i t e  d i s t i n c t  f rom TAD.

W i t h  t h i s  s u r v e y ,  a n u m ber  o f  q u e s t i o n s  a r e  r a i s e d  

c o n c e r n i n g  t a k e - a l l  i n  Mon tana .  The m o s t  i m p o r t a n t  

q u e s t i o n  i s  why does  t h e  b i o l o g i c a l  f a c t o r  a n t a g o n i s t i c  

t o  Qgt  n o t  seem t o  e x i s t  i n  Mon tana  s o i l s  a s  h a s  b e e n  

documented  e l s e w h e r e  i n  t h e  w o r l d  (Rovi ra  and Wi ld e rmu th ,  

19 8 1 ) .  As w i l l  be f u r t h e r  d i s c u s s e d  i n  C h a p t e r  5 ,  

p e r h a p s  t h e  t a k e - a l l  p rob l em i n  Montana i s  q u i t e  un ique  

f r o m  t h e  o t h e r  a r e a s  w h e r e  G s i  h a s  b e e n  e x t e n s i v e l y  

s t u d i e d  -  Europe ,  A u s t r a l i a  and t h e  P a c i f i c  Nor t hwe s t .

T h e r e  w e r e  o t h e r  common d e n o m i n a t o r s  c o n c e r n i n g  

t a k e - a l l  o f  w h e a t  i n  Mon ta na  o t h e r  t h a n  t h e  c r o p p i n g
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h i s t o r i e s .  T a k e - a l l  u s u a l l y  f i r s t  a p p e a re d  i n  t h e  f i e l d  

a s  s m a l l  c i r c u l a r  p a t c h e s .  T h e s e  a r e a s  w e r e  l o c a t e d  on 

p o o r  s o i l  -  b o t h  s t r u c t u r a l l y  and  n u t r i t i o n a l l y .  The 

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

f i e l d  b e i n g  e i t h e r  s a n d y  o r  r o c k y .  T h i s  i s  a common 

o b s e r v a t i o n  w o r l d  w i d e  and  " i s  p r o b a b l y  r e l a t e d  t o  t h e  

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

c a p a c i t y  o f  t h e s e  s o i l s "  ( H u b e r , 1 9 8 1 b ) . I  a l s o  o b s e r v e d  

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

t a k e - a l l  a p p e a r e d  i n  t h a t  l o c a t i o n  f i r s t  o r  was  more  

s e v e r e  t h e r e .  These  t a k e - a l l  p a t c h e s  v i r t u a l l y  doub l ed  

i n  s i z e  e ach  y e a r  c o v e r i n g  l a r g e  p o r t i o n s  o f  a f i e l d  and 

a c c o u n t i n g  f o r  t h e  s e v e r e l y  r ed u ced  y i e l d s .
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Cha p te r  3

A S e l e c t i v e  Medium f o r  Gaeumannomy c e s  g r ami n i s  v a r .  t r i t i c i

INTRODUCTION

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

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

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

p r e m a t u r e l y  r i p e n e d  h e a d s .  T h e s e  sy m p t o m s  a r e  a l s o  

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

d r y l a n d  r o o t  r o t  c a u s e d  by Cf i ch l i f i ^ f i l t i s  s a t i Y t i S  I t o  & 

K u r i b .  a n d / o r  E u s a r i u m  culmo^uzn ( S m i th )  Sa c c .  and  Ejl. 

g r a min e a r u m Schwabe.  The one symptom of  t a k e - a l l  which 

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

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

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

symp tom i s  n o t  c o n s i d e r e d  a d e q u a t e  f o r  c o n f i r m a t i o n  o f  

t h e  p r e s e n c e  o f  Gaeuma n no n iy ce s  g r a m i n i s  v a r .  t r i t i c i  

(Ggk) a s  t h e  i n f e c t i o u s  o r g a n i s m .  I t  i s .  n e c e s s a r y  t o  

i s o l a t e  t h e  f ung us  t o  c o n f i r m  t h e  f i e l d  d i a g n o s i s .

I s o l a t i o n  m e t h o d s  w h i c h  h a v e  b e en  u s e d  p r e v i o u s l y  

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

t i s s u e  f o l l o w e d  by p l a t i n g  o f  t h e  t i s s u e  on p o t a t o  

d e x t r o s e  a g a r ,  w i t h  o r  w i t h o u t  a n t i b i o t i c s  ( D a v i e s , 1935;
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G a r r e t t , 1 94 2 ;  N i l s s o n , 1 9 69 ;  A s h e r , 19 7 8 ;  H u b e r , 1 9 8 1 a ) . 

S in c e  Gaeumannoniycgs. does  n o t  n o r m a l l y  p roduce  a s e x u a l  o r  

s e x u a l  s p o r e s  i n  c u l t u r e ,  i s o l a t i o n  and c o n f i r m a t i o n  o f  

t a k e - a l l  i s  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  i f  on e  i s  n o t  

f a m i l i a r  w i t h  t h e  t y p i c a l  co lony  c h a r a c t e r i s t i c s .  A l so ,  

G a e umannoniyceg  i s  a s l o w  g r o w i n g  f u n g u s  a n d  i s  e a s i l y  

o v e r g r o w n  by o t h e r  common s o i l  a n d  p l a n t  t i s s u e  

o r g a n i s m s .  Asher  (1980) ,  i n  e x am in in g  w i n t e r  whea t  r o o t  

s y s t e m s  f o r  G g t , s t a t e d  t h a t  " f a i l u r e  t o  i s o l a t e  t h e  

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

b a c t e r i a l  c o n t a m i n a t i o n  . o r ,  v e r y  o c c a s i o n a l l y ,  t h e  

p r e s e n c e  o f  f a s t - g r o w i n g  f u n g i  ( e . g .  Z u s s r i t i m  spp . )  i n  

c u l t u r e " .  T h i s  m ak e s  i t  d i f f i c u l t  t o  a c q u i r e  a p u r e  

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

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

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

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

d e s c r i b e d  e l s e w h e r e  (S i v a s i t h a m p a r am an d  P a r k e r , 1 98 1 ) .  

I n  g e n e r a l  t h e s e  s t u d i e s  were  c on du c t e d  t o  d e t e r m i n e  t h e  

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

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

d e v e l o p  a s e l e c t i v e  medium.

One o b j e c t i v e  o f  my work  wa s  t o  d e v e l o p  a medium 

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

and  i d e n t i f y  Gg t  f r o m  i n f e c t e d  p l a n t  t i s s u e .  T h i s ,  o f
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c o u r s e ,  would  mean i n h i b i t i n g  many o f  t h e  s a p r o p h y t i c  and 

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

s m a l l  g r a i n  t i s s u e .  A n o t h e r  r e l a t e d  o b j e c t i v e  was  t o  

i d e n t i f y  a b a s i c  medium wh ich  c o u l d  be f u r t h e r  deve l op ed  

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

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

c o n c e r n i n g  t h e  fu ngus  i n  i t s  s o i l  and p l a n t  en v i ro n m en t .  

At p r e s e n t  t h e r e  i s  no such  medium.

P. H. T sa o  (1970)  s t a t e s  t h a t  t h e  d e v e l o p m e n t  o f  a 

s e l e c t i v e  medium " i s  g e n e r a l l y  ba sed  on t h e  p r i n c i p l e  o f  

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

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

f u n g i  on t h e  i s o l a t i o n  medium".  Three  methods  which  can 

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

d e s i r e d  medium a r e  s e l e c t i v e  i n h i b i t i o n ,  s e l e c t i v e  

enhancemen t  and s e l e c t i v e  d i f f e r e n t i a t i o n  by p i g m e n t a t i o n  

( T s a o , 1 9 7 0 ) .  O t h e r  c r i t e r i a  a s e l e c t i v e  medium s h o u l d  

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

r e c o v e r a b i l i t y  r a t e  a nd  t h e  u se  o f  compo un ds  w h i c h  a r e  

r e l a t i v e l y  i n e x p e n s i v e  and  r e a d i l y  a v a i l a b l e .  T h es e  

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

d i f f e r e n t i a t i o n  by p i g m e n t i o n  we re  used  a s  t h e  f o u n d a t i o n  

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

Gaeumannomyceg g r ami n i s  v a r .  t r i t i c i .
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MATERIALS AND METHODS

Compounds T e s t e d

T e s t  compounds were  c l a s s i f i e d  i n t o  f o u r  c a t e g o r i e s  

a s  c a rb on  s o u r c e s ,  a n t i - f u n g a l  compounds,  a n t i - b a c t e r i a l  

c o mp oun ds  an d  g e n e r a l  o r g a n i c  compo un ds .  T he s e  a r e  

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

18-23 o f  t h e  A p p e n d i x .  C a r b o n  s o u r c e s  w e r e  p r i m a r i l y  

i n c o r p o r a t e d  a t  100  a n d / o r  1000  u g / m l  i n t o  a m i n i m a l  

medium c o n t a i n i n g  1.0 g KHgPO^, 1.0 g MgSO^, 3.0 g 

NaNOgf 1.0 mg b i o t i n ,  1 .0  mg t h i a m i n e  an d  20 .0  g D i f c o  

a g a r  o r  p u r i f i e d  Oxo i d  a g a r  i n  I  l i t e r . o f  d i s t i l l e d  

w a t e r .  A n t i - b a c t e r i a i  compounds were  i n c o r p o r a t e d  i n t o  

p o t a t o  b r o t h  a g a r  (PBA) f o r  t e s t i n g .  The g e n e r a l  o r g a n i c  

c om pou nds  w e r e  s c r e e n e d  v i a  i n c o r p o r a t i o n  i n t o  p o t a t o  

d e x t r o s e  a g a r  (PDA). The m a j o r i t y  o f  t h e  a n t i - f u n g a l  

compou nds  w e r e  t e s t e d  a t  I ,  10 a nd  100  u g / m l  i n  one  o r  

m or e  o f  t h e  f o l l o w i n g  b a s i c  m e d i a  -  PBA, PDA o r  t h e  

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

t h e  compounds i n d i v i d u a l l y  f o r  t h e i r  e f f e c t  on g rowth  of  

Ggt . v a r i o u s  c o m b i n a t i o n s  we re  t e s t e d  v i a  i n c o r p o r a t i o n  

i n t o  PDA f o r  t h e i r  combined e f f e c t  on g ro wt h  r e s p o n se  of  

Ggt  and v a r i o u s  t e s t  f u n g i .
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Organisms T e s t e d

P a t h o g e n i c  i s o l a t e s  o f  G g t  u t i l i z e d  i n  t h i s  s t u d y  

a r e  l i s t e d  i n  T a b l e  2.  Gss i l lBanneinycss  g ^ a m i n i s  (Sacc . )  

Arx & O l i v i e r  v a r .  g r ami n i s  and v a r .  avenae  (E.M. Turner )  

D e n n i s  (Ggg a n d  Gga  r e s p e c t i v e l y )  , P h i a l g p i i g r a  

g z a m l a i c g l s  (Deacon)  W a l k e r  and  a P h i a l o p h o r a  sp .  ( l o b e d  

h y p h o p o d i a )  w e r e  o b t a i n e d  f r o m  P.T.W. Wong.  T h e s e  

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

r e s p o n s e s  w o u l d  be s i m i l a r  t o  t h a t  o f  Ggt .  O t h e r  f u n g i  

wh ich  were  t e s t e d  on t h e  medi a  and a r e  h e r e a f t e r  r e f e r r e d  

t o  a s  t e s t  f u n g i  a r e  l i s t e d  i n  Tab l e  3. These  f u n g i  were  

u t i l i z e d  b e ca u se  t h e y  a r e  a s s o c i a t e d  w i t h  s o i l  a s  common 

s a p r o p h y t e s  o r  a r e  common s o i l - b o r n e  p a t h o g e n s  of  s m a l l  

g r a i n s  i n  t h e  P a c i f i c  N o r t h w e s t .  A l l  o f  t h e s e  o r g a n i s m s  

w e r e  m a i n t a i n e d  on PDA an d  i n o c u l a t e d  o n t o  t e s t  medium 

p l a t e s  by p l a c i n g  a 4 o r  7 mm d i a m e t e r  a g a r  m y c e l i a l  p l u g  

on t h e  medium w i t h  a minimum o f  t h r e e  r e p l i c a t e  t e s t  

p l a t e s  pe r  o rg an i sm .  G e n e r a l l y ,  i n o c u l a t e d  p l a t e s  were  

m a i n t a i n e d  a t  room t e m p e r a t u r e  a nd  l i g h t  f o r  5 d a y s  

b e f o r e  f i n a l  r e s u l t s  w e r e  r e c o r d e d .  R e s u l t s  w e r e  

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

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

G r o w t h  c o m p a r i s o n s  w e r e  made  w i t h  r e p l i c a t e d  c h e c k  

p l a t e s .
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Table 2. GS£iiinacnQiny££s g x^ m in is var. t r i t i c i  i s o l a t e s
t e s t e d  in  t h e  d e v e lo p m e n t  o f  t h e  s e l e c t i v e
medium SM-GGT3.

I s o l a t e  No. Source L o c a t i o n

Mt 1-4 D. E. Mathre Montana
Mt 5-21 M.L. Juhnke Montana
Pa 42a R. J . Cook Washington
Pa 371 R. J . Cook Washington
Os I R.L. Powelson Oregon
Pu 53/1 D.M. Huber I n d i a n a
Pu 53/4 D.M. Huber I n d i a n a
Ar I J . P . Jo n e s Arkan sa s
Ar 2 J . P . Jo n e s Arkansa s
Ks 2 W.W. Bockus Kansas
Ks 12 w.w. Bockus Kansas
Co 2 P.T. W. Wong Co lorado
Id I J .H . R ie s se lm an Idaho

Tab l e  3.  T e s t  f u n g i  u s e d  i n  t h e  d e v e l o p m e n t  o f  t h e  
s e l e c t i v e  medium SM-GGT3.

Fungus I s o l a t e  Source

P f i n i c i i i i i im  spp.
Cha e t omium sp .
AfiBfixgil lnn sp .
Ixichedf ixma sp .
A l t e x n a x i a  sp .
Pnfiaxinm sp .
BhififiBilfi sp .
BhififiBns sp .
BhififiBns sp .
Cfifihl ifihfi lns Sf ihivns  
Pnsaxinm finlmfixnm 
Pnsaxinm gxaminsaxnm 
R h i z o c t o n i a  s f i l a n i  -  AG2 
Rh iz o c t o n i a  s o l a n i  -  AG4 
Rh i zoc t o n i a sp .  (f rom wheat )  
R h i z o c t o n i a  sp .  ( f rom wheat )  
Py th ium sp .  (f rom s a f f l o w e r )  
PhyhfiBhhhfixa s innamf ini  
PsenhfifiexfififiBfiXfilla

he xBQ hx i f i h f i i de s

— — — R.V. M i l l e r
— R.V. M i l l e r
—  —  — R.V. M i l l e r
— R.V. M i l l e r
—  —  — R.V. M i l l e r
— R.V. M i l l e r

A s t r a w  sample
B s t r a w  sample
C s o i l  sample

— W. Grey
398 W. Grey
424 W. Grey
302 D.E.  Mathre
304 D.E.  Mathre
404 D.E.  Mathre
— D. Yount
310 D.E.  Mathre
377 D.E. Mathre

PH 81-2 T. Murray
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Media P r e p a r a t i o n

Two media  we re  de v e l o pe d  and t e s t e d .  These  were  SM- 

GGTlin 1981  a nd  SM-GGT3 i n  1982 .  The r e c i p e s  f o r  t h e s e  

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

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

SH=GGTl GM-GGT3

I mg d i c l o r a n 10 mg d i c l o r a n

10 mg q u i n t o z e n e 10 mg m e t a l a x y l

30 mg f e n a m i n o s u l f 25 mg HOE 00703

100 mg s t r e p t o m y c i n
s u l f a t e

100 mg s t r e p t o m y c i n
s u l f a t e

500. mg L-DOPA 500 mg L-DOPA

39 9 Di fco  PDA 39 g Difco  PDA

I L d i s t i l l e d  w a t e r I L d i s t i l l e d  wa t e r

The e x p e r i m e n t a l  f u n g i c i d e  HOE 00703 was  o b t a i n e d  f ro m 

t h e  A m e r i c a n  H o e c h s t  C o r p . ,  S o m e r v i l l e ,  NJ . ;  d i c l o r a n  

f rom A l d r i c h  Chemica l  Co., Mi lwaukee ,  WI.;  m e t a l a x y l  f rom 

C i b a - G e i g y  C o r p . ,  G r e e n s b o r o ,  NC.;  q u i n t o z . e n e  f r o m  

C a r g i l l ,  I n c . , M i n n e t o n k a ,  MN.; a nd  f e n a m i n o s u l f  f r o m  

Mobay C h e m i c a l  C o r p . ,  K a n s a s  C i t y ,  MO. The r e m a i n i n g  

c om pou nd s  w e r e  o b t a i n e d  f r o m  Sigma  C h e m i c a l  Co. ,  S t .  

L o u i s ,  MO. A s a m p l e  o f  HOE 00703  may be o b t a i n e d  f ro m 

t h e  l a b o r a t o r y  o f  Dr .  D. E. M a t h r e ,  M o n t a n a  S t a t e  

U n i v e r s i t y ,  Bozeman ,  MT.



21

To p r e p a r e  e i t h e r  medium,  d e h y d r a t e d  PDA i s  added t o  

d i s t i l l e d  w a t e r ,  a u t o c l a v e d  a t  121 C f o r  20 m i n u t e s  and 

c o o l e d  t o  50 C. L iq u i d  compounds a r e  added f i r s t .  The 

r e m a i n i n g ,  c om po un ds  a r e  d i s s o l v e d  i n  10 ml s t e r i l e  

d i s t i l l e d  w a t e r  i n  a s t e r i l e  15 ml  t u b e  b e f o r e  b e i n g  

i n c o r p o r a t e d  i n t o  t h e  m o l t e n  PDA. The medium i s  t h e n  

a g i t a t e d  by h a nd  t o  e v e n l y  s u s p e n d  any  u n d i s s o l v e d  

compounds and pou red  i n t o  s t e r i l e  g l a s s  o r  p l a s t i c  p e t r i  

p l a t e s .  P l a t e s  a r e  s t o r e d  u p s i d e  down i n  p l a s t i c  bags  or  

m e t a l  t i n s  p l a c e d  i n  t h e  d a r k  a t  4 C. A n o t h e r  medium,  

SM-GGT2, was a l s o  t e s t e d .  I t  c o n t a i n s  t h e  same compounds 

a s  SM-GGT3 b u t  t h e  amount  o f  HOE 00703 was l o w e r e d  t o  10 

mg a c t i v e  i n g r e d i e n t .  SM-GGTl, SM-GGT2 and SM-GGT3 were  

compared  w i t h  each  o t h e r  and w i t h  PDA u t i l i z i n g  n a t u r a l l y  

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

t e s t s  d e s c r i b e d  below.

P l a n t  M a t e r i a l  T e s t e d

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

symptoms of  t a k e - a l l  were  c o l l e c t e d  d u r i n g  1981 and 1982 

f rom i r r i g a t e d  s m a l l  g r a i n  f i e l d s  i n  Montana -  p r i m a r i l y  

s p r i n g  w h e a t .  D u r i n g  1982 m a t u r e  p l a n t s  w e r e  a l s o  

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

w e r e  s t o r e d  d r y  i n  p a p e r  b a g s  a t  room t e m p e r a t u r e .  When 

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

i n t e r n o d e  (SCI) was removed ,  r i n s e d  t h o r o u g h l y  w i t h  w a t e r
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a nd  c u t  i n t o  I  cm l e n g t h s .  T h e s e  p i e c e s  w e r e  t h e n  

s t e r i l i z e d  f o r  30 s e c o n d s  i n  a 1% s i l v e r  n i t r a t e  

s o l u t i o n ,  r i n s e d  30 s e c o n d s  i n  s t e r i l e  d i s t i l l e d  w a t e r  

and  b l o t t e d  d r y  o n . f i l t e r  p a p e r  b e f o r e  b e i n g  p l a c e d  on 

one o f  t h e  f i n a l  medi a .  I f  t h e r e  was enough m a t e r i a l ,  a t  

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

I n o c u l a t e d  p l a t e s  were  m a i n t a i n e d  a t  room t e m p e r a t u e  and 

room l i g h t  f o r  a minimum o f  5 d a y s  an d  a maximum o f  9 

d a y s .  R e s u l t s  w e r e  t a b u l a t e d  by d e t e r m i n i n g  t h e  

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

w i t h  and w i t h o u t  p i g me n t  p r o d u c t i o n .  When p o s s i b l e  t h e  

number and i d e n t i t y  o f  any c o n t a m i n a t i n g  o r g a n i s m s  were  

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

m i c r o s c o p e .

Combat T e s t s

To d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  SM-GGTl and  SM- 

GGT3 i n  d e t e c t i n g  Gg t  and  e l i m i n a t i n g  a common f u n g u s  

such  a s  F u s a r i u m c u l mo r u m, combat  t e s t s  were  conduc t ed .  

Combat t e s t s  compare  t h e  a b i l i t y  o f  two o r g a n i s m s  t o  grow 

on s p e c i f i c  m e d i a .  The s u b - c r o w n  i n t e r n o d e  and  b a s a l  

cu lm  t i s s u e  n a t u r a l l y  i n f e c t e d  w i t h  Ggt  wa s  t h o r o u g h l y  

w a s h e d  an d  c u t  i n t o  I  o r  2 cm p i e c e s .  H a l f  o f  t h e  

p i e c e s  we re  soaked  i n  s t e r i l e  d i s t i l l e d  w a t e r  f o r  I  hour .  

The r e m a i n i n g  p i e c e s  w e r e  s o a k e d  i n  a d e n s e  ILl cglniQUim 

s p o r e  s u s p e n s i o n  f o r  I  h o u r .  The p i e c e s  w e r e  t h e n
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b l o t t e d  d r y  and  i n c u b a t e d  f o r  2 d a y s  i n  s t e r i l e  p e t r i  

p l a t e s .  Upon c o m p l e t i o n  o f  i n c u b a t i o n ,  a l l  p i e c e s  w e r e  

s u r f a c e  s t e r i l i z e d  w i t h  a 1% s i l v e r  n i t r a t e  s o l u t i o n  f o r  

30 s e c o n d s ,  r i n s e d  i n  s t e r i l e  d i s t i l l e d  w a t e r  f o r  30 

s e c o n d s ,  b l o t t e d  d r y  on f i l t e r  p a p e r  and  p l a t e d  on SM- 

GGTl o r  SM-GGT3 and PDA.

S o i l  Assays

Al though  SM-GGT3 was p r i m a r i l y  d e ve l op ed  a s  a medium 

f o r  i s o l a t i n g  G g t  f r o m  t i s s u e ,  p r e l i m i n a r y  e x p e r i m e n t s  

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

medium f o r  Ggt . SM-GGT3 was compared  t o  SM-GGT2 and PDA. 

Two s o i l  a s s a y  methods  were  t e s t e d  -  one u t i l i z i n g  s o i l  

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

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

we re  u s e d . f o r  b o t h  me thods .  One s o i l  was c o l l e c t e d  f rom 

a f i e l d  a t  t h e  A.H. P o s t  A g r i c u l t u r a l  R e s e a r c h  S t a t i o n ,  

Bozeman,  MT. and had been s t o r e d  i n  t h e  l a b o r a t o r y  f o r  6 

m o n t h s  i n  a l o o s e l y  s e a l e d  c o n t a i n e r .  The s e c o n d  s o i l  

was  c o l l e c t e d  a t  Ulm,  MT. f r o m  a f i e l d  known t o  be 

i n f e s t e d  w i t h  G g t . T h i s  s o i l  had been s u p p l e m e n te d  w i t h  

G g t . i n f e c t e d  o a t  k e r n e l s  a nd  u t i l i z e d  i n  a number  o f  

t a k e - a l l  e x p e r i m e n t s  i n  t h e  g r een ho u se  f o r  t h e  p r e v i o u s  

10 m o n t h s .  To b o t h  s o i l s  was  a d d e d  g r o u n d  G g t  i n f e c t e d  

o a t  k e r n e l  i n o c u l u m  a t  a r a t e  o f  I g  o f  i n o c u l u m  p e r  100
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g o f  s o i l  (d ry  w e i g h t  b a s i s ) .  The inocu lum  and s o i l  were  

tu m b le d  f o r  5 m i n u t e s  u t i l i z i n g  a r o t a t i n g  s e e d  t r e a t e r .

F o r  t h e  s o i l  s u s p e n s i o n  a s s a y  m e t h o d ,  I  g o f  t h e  

s o i l / i n o c u l u m  m i x t u r e  was su sp en d e d  i n  100 ml o f  s t e r i l e  

d i s t i l l e d  w a t e r  t o  o b t a i n  a 1 0 ” 2 d i l u t i o n .  O t h e r  

d i l u t i o n s  w h i c h  w e r e  made w e r e  1 0 “ 3 , 1 0 “ 4 , 1 0 “ 5 , 1 0 “ 6 . 

A p p r o x i m a t e l y  0.1  ml o f  e a c h  d i l u t i o n  w as  p i p e t t e d  o n t o  

each  p l a t e  and  s p r e a d  o v e r  t h e  p l a t e  w i t h  a s t e r i l e  b e n t  

g l a s s  r o d .  F o u r  p l a t e s  o f  e a c h  medium w e r e  u s e d  f o r  e a c h  

d i l u t i o n .

W ith  t h e  s i e v e d  s o i l  t e c h n i q u e ,  a p p r o x i m a t e l y  150 g 

o f  s o i l / i n o c u l u m  m i x t u r e  was d ry  s i e v e d  t h r o u g h  a s e t  o f  

f o u r  s i e v e s  w i t h  o p e n i n g s  o f  2 .36  mm, 1 .70  mm, 0 .85 mm 

and 0.25 mm. Twelve p i e c e s  o f  o r g a n i c  m a t t e r ,  p r i m a r i l y  

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

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

0 .25  mm s i e v e ,  a n d  p l a c e d  d i r e c t l y  on t h e  t e s t  p l a t e s .  

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

o f  s i e v e d  m a t e r i a l .  T h e r e  w a s  so m e  d i f f i c u l t y  i n  

s e l e c t i n g  p i e c e s  o f  o r g a n i c  m a t t e r  l e s s  t h a n  0 .25  mm i n  

s i z e .  I f  t h i s  o c c u r r e d ,  s o i l  p a r t i c l e s  p i c k e d  up w i t h  

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

p l a t e s .
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< RESULTS

Compounds T e s t e d

None o f  t h e  c a r b o n  s o u r c e s  t e s t e d  e n h a n c e d  t h e  

g ro w th  o f  Gg t  e x c l u s i v e l y  nor  i n h i b i t e d  t h e  g ro w th  o f  t h e  

t e s t  f u n g i .  Based on t h e s e  r e s u l t s  and t h e  f a c t  t h a t  PDA 

i s  i n e x p e n s i v e  and r e a d i l y  a v a i l a b l e ,  PDA was s e l e c t e d  a s  

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

s e l e c t i v e  m edium  w o u l d  be i n c o r p o r a t e d .  The e f f e c t  o f  

e a c h  com pound  on Ggt  g r o w t h  i s  r e p o r t e d  i n  T a b l e s  1 8 -2 3  

o f  t h e  Appendix. L- g - 3 , 4 - d i h y d r o x y p h e n y l a l a n i n e  (L-DOPA) 

was s e l e c t e d  a s  t h e  compound w hich  was n o n i n h i b i t o r y  t o  

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

p i g m e n t .  B a s e d  on  s t r e p t o m y c i n  s u l f a t e ' s  w i d e  

a n t i b a c t e r i a l  s p e c t r u m  ( F r a n k l i n  and Snow,1981) ,  c o s t  and 

a v a i l a b i l i t y ,  i t  w a s  c h o s e n  a s  t h e  a n t i - b a c t e r i a l  

compound t o  be u t i l i z e d  i n  t h e  s e l e c t i v e  medium.

S e l e c t i o n  o f  t h e  a n t i - f u n g a l  compounds was based  on 

tw o  c r i t e r i a .  The com pound m u s t  n o t  s i g n i f i c a n t l y  

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

i n h i b i t  t h e  g r o w t h  o f  one  o r  m o re  o f  t h e  t e s t  f u n g i .  

D i c l o r a n  w a s  s e l e c t e d  a s  a n  i n h i b i t o r  o f  R h i a e p i J S  

(Henson,1981).  I t  sh o u ld  be n o t e d  however t h a t  d i c l o r a n  

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

R h izopus  used  i n  t h i s  s t u d y .  I t  was u t i l i z e d  anyway due 

t o  t h e  l a c k  o f  any  o t h e r  s u b s t a n c e  w h i c h  w o u l d  c o n t r o l
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BJaizfipus w i t h o u t  i n h i b i t i n g  G g t . F e n a m i n o s u l f ,  w h i c h  

i n h i b i t s  O o m y c e t e s  s u c h  a s  P h y t Q E h t h P r s  a n d  P y t h i u m  

( K r e u t z e r , 1 9 6 3 ) ,  was  l a t e r  r e p l a c e d  w i t h  m e t a l a x y l  a s  

f e n a m i n o s u l f  i s  u n s t a b l e  i n  l i g h t  ( H i l l s  and L e a c h ,1962). 

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

c o n t r o l  o f  t h e  O o m y c e te s  a t  lo w  c o n c e n t r a t i o n s  ( F i s h e r  

a n d  H a y e s , 1 9 8 2 ) .  A t  10 u g / m l , O o m y c e te s  w e r e  i n h i b i t e d  

100%. Q u i n t o z e n e  w a s  i n i t i a l l y  s e l e c t e d  a s  t h e  t h i r d  

f u n g i c i d e  f o r  u s e  i n  t h e  s e l e c t i v e  m edium . H o w e v e r , 

a f t e r  c o m p a r i n g  HOE 00703 w i t h  q u i n t o z e n e  a t  v a r i o u s  

r a t e s ,  HOE 0 0 7 0 3  w a s  e a s i l y  s h o w n  t o  b e  t h e  m o r e  

e f f e c t i v e  c o m p o u n d  ( T a b l e  4 ) .  HOE 0 0 7 0 3  h a s  t h e  

c h e m ic a l  name o f  l - ( 3 , 5 - d i c h l o r o p h e n y l ) - 3 - m e t h o x y m e t h y l -  

p y r r o l i d i n - 2 , 4 - d i o n .  C h e m i c a l l y ,  i t  b e l o n g s  t o  t h e  

c a r b o x i m i d e s .

T a b le  4 .  A c o m p a r i s o n  o f  q u i n t o z e n e  a n d  HOE 00703 i n  
t h e i r  a b i l i t y  t o  i n h i b i t  common p a t h o g e n i c  
s o i l - b o r n e  f u n g i .

% of  PDA Check Growth

HOE00703 Q u i n t o z e n e
(ug/ml) (ug/ml)

Fungus 10 25. 50 25 50

Gaeumannomyces q r a m i n i s
v a r .  t r i t i c i  (Mt I ) 75 75 75 50 50

Fusar ium  culmorum 17 0 0 83 67
Fusar ium  qramin&arum 23 0 0 50 50
C o c h l i o b o l u s  s a t i v u s . 0 0 0 33 20
R h i z o c t o n i a  s o l a n i  (302) 0 0 0 50 67
R h i z o c t o n i a  s o . (404) 17 0 0 67 67
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One o f  t h e  m a j o r  p r o b l e m s  e n c o u n t e r e d  was  t h e  

i d e n t i f i c a t i o n  o f  a com pound  o r  co m p o u n d s  t h a t  w o u ld  

e f f e c t i v e l y  i n h i b i t  Fjl c u l m s n u m , . Zjl g r a m in s S Z t i in , C. 

S S t i y t i S  a n d  E h i s o c t e n i a  s e i s n i  Kuhn w i t h o u t  i n h i b i t i n g  

G a t .  HOE 00703  was  t h e  o n l y  com pound  t e s t e d  w h i c h  g a v e  

a t  l e a s t  90% t o  100% i n h i b i t i o n  o f  t h e s e  f u n g i  a n d  o n l y  

25% i n h i b i t i o n  o f  Ggt a t  t h e  sam e  r a t e .  I t  s h o u l d  be 

n o t e d  t h a t  a n u m b er  o f  f u n g i c i d e s  i n h i b i t e d  Ggt by 

g r e a t e r  t h a n  50% a t  10 u g /m l  o r  l e s s ,  i n c l u d i n g  t h i r a m ,  

t r i p h e n y l t i n  h y d r o x i d e ,  p r o c h l o r a z , C G A - 6 4 2 5 1 ,

t h i o p h a n a t e - m e t h y l ,  t h i a b e n d a z o l e ,  c a r b o x i n ,  c a p t a n ,  

m e t h f uroxam and i m a z i l i l  (Appendix T a b le  18).

S e l e c t i v e  Medium SM-GGTl

To d e t e r m i n e  t h e  p r a c t i c a l  u s e  o f  S M -G G T l , 1 6  

i r r i g a t e d  w h ea t  p l a n t  s a m p le s  f rom  13 d i f f e r e n t  f i e l d s  i n  

M o n tan a  w e r e  p r o c u r e d  i n  1 9 8 1 .  S a m p le s  w e r e  c o l l e c t e d  

b a s e d  on c h a r a c t e r i s t i c  f i e l d  sy m p to m s  o f  t h e  t a k e - a l l  

d i s e a s e .  Us ing  s i l v e r  n i t r a t e  a s  a s u r f a c e  s t e r i l a n t  and 

SM-GGTl a s  t h e  i s o l a t i o n  medium, 73% o f  t h e  p i e c e s  t e s t e d  

a l l o w e d  Ggt g ro w th ,  w i t h  96% o f  t h a t  g ro w th  p r o d u c in g  a 

b l a c k  p i g m e n t  ( T a b l e  5 ) .  A l l  16 s a m p l e s  w e r e  c o n f i r m e d  

a s  t a k e - a l l  d i s e a s e .  T h e r e  w as  n e v e r  a p r o b l e m  i n  

d e l i n e a t i n g  Ggt  f rom c o n t a m i n a n t s  on t h e  p l a t e  a s  Ggt was 

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

f o r m a t i o n .  Etiga^i t im s p e c i e s  a n d  £*. s a t i y t i s ,  a l t h o u g h
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Table 5. R esu lts of is o la t io n s  from 1981 irr ig a te d  wheat
t i s s u e  su sp ec ted  o f b ein g  in fe c te d  w ith
Gafitimannemysfis g r a m in is  var. t r i t i c i  (Ggt)
u tiliz in g  the se lec tive  medium SM-GGTl.

No. Tissue Piece Isola t ions Yielding

Tissue Pieces
Sample per Sample Ggt Fus-1- Cs2 3 Other^ None4

I 12 8 0 0 0 4
3 16 14 0 I 0 2
6 16 15 0 0 I 0
7 12 9 0 0 2 I
8 16 11 3 0 0 2
9 16 13 I 0 2 0

10 12 8 2 0 0 2
11 12 9 2 I 0 0
12 16 14 I 0 I 0
20 16 11 0 0 0 5
21 12 3 0 0 6 3
22 16 13 4 0 0 0
23 17 12 I I 2 2
24 16 13 I 0 2 0
26 12 10 2 0 0 I
29 16 8 3 2 0 4

Total 233 171 20 5 16 26
% — 73 9 2 7 11

1 Fusarium species -  pr imarily  of the f l  roseurn group.
2 Cochliobolus sa t ivus.
3 This group c o n s i s t e d  of s t e r i l e  mycel ia  -  s e p t a t e  and 

non-septate hyphae.
4 No growth of any organism.
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p r e s e n t  on some p l a t e s ,  d i d  n o t  u s u a l l y  i n t e r f e r e  w i t h  

o b t a i n i n g  a p u r e  c u l t u r e  o f  Ggt .

S i n c e  t h e  £*_ JEQSStiID g r o u p  w a s  t h e  m o s t  common n o n -  

G g t  g r o u p  i s o l a t e d  u s i n g  S M -G G T l , a c o m b a t  t e s t  

e x p e r i m e n t  was c o n d u c te d  t o  d e t e r m i n e  t h e  e f f i c i e n c y  of  

SM-GGTl in. d e t e c t i n g  G g t  a n d  Sti lnigiUim u s i n g  t h e

t e c h n i q u e  d e s c r i b e d  i n  t h e  M a t e r i a l s  and Methods.  Those 

p i e c e s  o f  n a t u r a l l y  i n f e c t e d  Ggt p l a n t  t i s s u e  soaked  o n ly  

i n  s t e r i l e  d i s t i l l e d  w a t e r  y i e l d e d  72% G g t  w i t h  

p ig m e n t  and 5% £». c u l mo r u m w h e r e a s  t h e  n a t u r a l l y  i n f e c t e d  

t i s s u e  soaked  i n  £*. c u l mo r u m s p o r e s  y i e l d e d  54% Ggt w i t h  

p i g m e n t  an d  46% JELl S t ilm g iCtim. F u s a r i u m  i s o l a t i o n  d i d  

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

a f t e r  5 d a y s  i n c u b a t i o n  G g t  w a s  s t i l l  e a s i l y  

d i s t i n g u i s h e d  f rom £*. c u l mo r u m v i a  p ig m e n t  p r o d u c t i o n  and 

g r o s s  m orpho logy .  Even w i t h  t h i s  heavy  c o n t a m i n a t i o n  o f  

F u s a r j um, Ggt  c o u l d  be t r a n s f e r r e d  t o  o b t a i n  a p u r e  

c u l t u r e .

S e l e c t i v e  Medium SM-GGT3

F u r t h e r  t e s t i n g  o f  SM-GGTl u s i n g  p u r e  c u l t u r e  

i n o c u l a t i o n s  o f  JLl S t i lmfi i t im , g iam i t i f i f i i f im , £*. S f i t i y y s  

a n d  Rjl S f i l a n i  i l l u s t r a t e d  t h a t  i f  t h e  G g t  i n f e c t e d  

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

q u i t e  p r o b a b l e  t h a t  t h e s e  f u n g i  would  p r e v e n t  i s o l a t i o n  

o f  Ggt f rom t h e  i n f e c t e d  m a t e r i a l .  C o n t in u e d  work w i t h
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SM-GGTl c u l m i n a t e d  i n  1982 i n  a new medium d e s i g n a t e d  a s  

SM-GGT3. T hree  d i f f e r e n t  t e s t s  were  c o n d u c te d  t o  compare 

PDA or  PDA c o n t a i n i n g  100 u g /m l  s t r e p t o m y c i n  s u l f a t e  w i t h  

SM-GGT2 and SM-GGT3. They were  combat  t e s t s ,  s o i l  a s s a y  

t e s t s  a n d  p l a n t  t i s s u e  i s o l a t i o n  t e s t s .  SM-GGT3 was 

s e l e c t e d  o v e r  SM-GGT2 b e c a u s e  t h e  25 u g / m l  o f  HOE 00703 

i n  SM-GGT3 was  m o re  e f f e c t i v e  i n  i n h i b i t i n g  n o n - Ggt  

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

g ro w th .

T h i r t y - f o u r  s m a l l  g r a i n  p l a n t  s a m p le s  were  c o l l e c t e d  

i n  1982  ( T a b l e  6 ) .  The i r r i g a t e d  s m a l l  g r a i n  s a m p l e s  

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

t a k e - a l l  d i s e a s e  f rom  f i e l d s  l o c a t e d  t h r o u g h o u t  Montana. 

The d r y l a n d  s a m p le s  were  ran d o m ly  c o l l e c t e d  from f i e l d s  

i n  n o r t h c e n t r a l  M o n ta n a .  W i th  a l l  s a m p l e s ,  i f  t h e  s u b ­

c ro w n  i n t e r n o d e  o r  b a s a l  s t e m  a r e a  a p p e a r e d  d a r k e n e d ,  

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

T a b le  6 .  Small  g r a i n  p l a n t  s am p les  c o l l e c t e d  i n  1982.

F i e l d  Source No. F i e l d s  Sampled

I r r i g a t e d . B a r l e y 4
D ry lan d  B a r l e y 4
I r r i g a t e d  S p r i n g  Wheat 15
D ry lan d  S p r in g  Wheat 7
I r r i g a t e d  W in te r  Wheat I
D ry lan d  W in te r  Wheat 3
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T h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  7 .  F i g u r e  I  

i l l u s t r a t e s  t h e  d i f f e r e n c e s  b e t w e e n  PDA a n d  SM-GGT3. 

S i l v e r  n i t r a t e  was used  a s  t h e  s u r f a c e  s t e r i l a n t .  Using 

SM-GGT3 a s  t h e  i s o l a t i o n  m e d iu m ,  31% o f  a l l  t h e  p i e c e s  

t e s t e d  p ro d u c e d  Got g ro w th  and p i g m e n t a t i o n ,  16% p roduced  

o t h e r  f u n g a l  g r o w t h  a n d  53% p r o d u c e d  no g r o w t h  o f  any  

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

w heat  s a m p le s .  S ix  o f  t h e  i r r i g a t e d  s m a l l  g r a i n  sa m p le s  

w e r e  n o t  c o n f i r m e d  a s  b e i n g  i n f e c t e d  w i t h  G g t  -  t h r e e  

b a r l e y  and t h r e e  w h ea t  s a m p le s .  S e p a r a t i n g  t h e  i r r i g a t e d  

s a m p le s  from t h e  t o t a l  sam ple  g ro u p  (Table  8 ) ,  51% o f  t h e  

t i s s u e  p i e c e s  y i e l d e d  Ggt and  p i g m e n t ,  7% p ro d u c e d  o t h e r  

f u n g a l  g ro w th  and 43% p ro d u ce d  no g ro w th  o f  any o rg an ism .  

T a b l e s  9 and  10 show t h e  r e s u l t s  o b t a i n e d  on SM-GGT3 and
i . I ' \  ,

PDA u s i n g  t h e  sam e i s o l a t i o n  t e c h n i q u e s .  I t  i s  a p p a r e n t  

t h a t  SM-GGT3 w o u l d  be t h e  s u p e r i o r  medium i n  i s o l a t i n g  

Ggt  f rom p l a n t  t i s s u e .  Seven o f  t h e  16 s a m p le s  c o l l e c t e d  

i n  1981 and t e s t e d  on SM-GGT w ere  a l s o  t e s t e d  on SM-GGT3 

u s i n g  t h e  sam e i s o l a t i o n  t e c h n i q u e s .  G g t  w as  i s o l a t e d  

from a l l  seven  s a m p le s .

Not a l l  Ggt  c o l o n i e s  i s o l a t e d  w i t h  SM-GGT3 produced  

a d a r k  m e l a n i n  p i g m e n t  w i t h i n  9 d a y s .  H o w e v e r ,  a f t e r  I  

o r  2 a d d i t i o n a l  d a y s  o r  t r a n s f e r  t o  a f r e s h  p l a t e  o f  SM- 

GGT3, p i g m e n t a t i o n  o c c u r r e d  w i t h  a l l  i s o l a t e s .  T h e r e  

were  two r e a s o n s  f o r  n o t  o b t a i n i n g  p i g m e n t a t i o n  w i t h i n  9
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Table 7. R e su lts  o f i s o l a t io n s  from 1982 ir r ig a t e d  and
dryland  wheat and b a r le y  t i s s u e  su sp e c te d  o f
b ein g  in f e c t e d  w ith  Ga£llinanilS>IQyc££ gram in is  var.
t l i t i c i  (Ggt) u tiliz in g  the se lective  medium SM-GGT3.

No. Tissue Piece Iso la t ions  Yielding

Sample
Field
Source1 2

Tissue Pieces 
per  Sample Ggt Fus^ Cs3 4 Other* None5

I IB 10 0 0 0 5 52 ISW 10 4 0 0 I 53 ISW 10 9 0 0 0 I
4 ISW 10 9 0 0 0 I
5 DB 10 0 5 0 I 4
6 ISW 10 9 I 0 0 0
7 IWW 10 0 0 0 0 10
8 IB 10 0 0 0 0 10
9 DB 10 0 0 0 4 6

10 DSW 8 0 0 0 0 8
11 ISW 10 9 0 0 0 I
12 DB 10 0 0 0 0 10
13 DB 10 0 0 0 6 4
14 ISW 10 0 0 0 0 10
15 ISW 10 0 0 0 0 10
16 ISW 10 7 0 0 2 I
17 ISW 10 9 0 0 0 I
18 ISW 10 7 0 0 0 3
19 ISW 10 8 0 0 0 2
20 ISW 10 5 0 0 0 5
21 DSW 10 2 0 0 2 6
22 DSW 10 0 0 0 3 7
23 DSW 10 0 I 0 2 7
24 DSW 10 0 7 0 0 3
25 DSW 10 I 0 0 I 8
26 DWW 10 0 0 0 I 9
27 IB 10 7 0 0 0 3
28 DSW 10 0 0 0 2 8
29 DWW 10 I 0 0 0 9
30 ISW 10 5 0 0 0 5
31 ISW 7 2 0 0 0 5
32 IB 4 0 3 0 0 I
33 ISW 4 4 0 0 I 0
34 DWW 4 I 3 0 0 0

TOTAL 317 99 20 0 31 168
% 31 6 0 10 53

1 I= irr iga ted;  !^dryland; B= barley; SW= spring wheat; WW=Winter 
wheat.

2 Fusarium species -  primarily of the roseum group.
3 Cochliobolus sa t iv u s .
4 This group consisted of s t e r i l e  mycelia and a few bacter ia .
5 No growth of any organism.
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F i g u r e  I .  A c o m p a r i s o n  b e t w e e n  p o t a t o  d e x t r o s e  a g a r  
(PDA) a n d  t h e  t a k e - a l l  s e l e c t i v e  medium (SM- 
GGT3 ) i n  t h e  e f f i c i e n c y  o f  i s o l a t i n g  
GafitinianDfimysss g s a m i n i s  v a r .  S s i t i s i  (Gs i)  
from n a t u r a l l y  i n f e c t e d  w hea t  t i s s u e .

PDA SM-GGT3

PDA: (upper  l e f t )  Ggt
(upper  r i g h t )  Fusar ium  roseum: Got 
( low er  l e f t )  s t e r i l e  s e p t a t e  hyphae 
( lower  r i g h t )  b a c t e r i a

SM-GGT3: (upper  c e n t e r )  Ggt
( lower  l e f t )  no grow th  
( low er  r i g h t )  Gg t
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Table 8. Results of iso la tion s from 1982 irrigated wheat and
b a r ley  t i s s u e  su sp e c te d  o f being  in f e c t e d
w ith  Gaeumannemyc&s grami n i s  var. t r i t i c i
(GSt) u t i l iz in g  the s e l e c t i v e  medium SM-GGT3.

Sample No.
Tissue Pieces 

per Sample

No. Tissue Pieces Yielding 

Ggt Fus1 Cs2 Other3 None4

I 3 10 0 0 0 5 5
2 10 4 0 0 I 5
3 10 9 0 0 0 I
4 10 9 0 0 0 I
6 10 9 I 0 0 0

10 0 0 0 0 10
85 10 0 0 0 0 10

11 10 9 0 0 0 I
14 10 0 0 0 0 10
15 10 0 0 0 0 10
16 10 7 0 0 2 I
17 10 9 0 0 0 I
18 10 8 0 0 0 3
19 10 8 0 0 0 2
XL 10 5 0 0 0 5
27 5 10 7 0 0 0 3
30 10 5 0 0 0 5
3 1 C 7 2 0 0 0 5
325 4 0 3 0 0 I
33 4 4 0 0 I 0

TOTAL 185 94 4 0 9 79
% — 51 2 0 5 43

1 Fusarium species -  primarily of the L  roseum group.
2 Cochliobolus sa t ivus .
3 This group consisted of s t e r i l e  mycelia and a few bacteria .
4 No growth of any organism.
5 Barley t is sue .
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Table 9. Comparison between the se lec t ive  medium (SM-GGT3) and 
potato dextrose (PDA) t i s sue  i so la t ion  r e s u l t s  using 
1982 i r r ig a te d  and dryland wheat and barley t is sue  
suspected of being infected with Gaeumannomyces 
graminis var.  t r i t i c i  (Ggt).

% Total Tissue Pieces yielding

Medium Ggt Fus-1- CS2 3 4 Other2 None^

PDA 12 22 12 29 25
SM-GGTB 31 6 O 10 53

1 Fusarium species -  primarily of the Fjl roseum group.
2 Cochliobolus sa t ivus .
3 This group consisted of s t e r i l e  mycelia (septate and non- 

septate) and bacter ia .
4 No growth of any organism.

Table 10. Comparison between the se lec t ive  medium (SM-GGT3) and 
potato dextrose agar (PEA) t i s su e  i so la t ion  re su l ts  
using 1982 i r r ig a te d  wheat . and barley t is sue  
suspec ted  of  being i n f e c t e d  w i th  Gaeumannomyces 
graminis var. t r i t i c i  (Got).

% of Total Tissue Pieces Yielding

Medium Ggt Fus-*- Cs2 Other2 None^

PDA 19 21 6 29 25
SM-GGT3 . 51 X 2 O 5 43

1 Fusarium species -  primarily of the Fj. roseum group.
2 Cochliobolus sa t ivus .
3 This group consisted of s t e r i l e  mycelia (septate and non- . 

septate  hyphae) and bacter ia .
4 No growth of any organism.
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d a y s .  F i r s t  was  t h e  s l o w  and  m i n u t e  a m o u n t  o f  g r o w t h
)

w h i c h  w as  p r o d u c e d  i n  9 d a y s  f r o m  some t i s s u e  p i e c e s .  

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

p i g m e n t a t i o n  o c c u r r e d .  Second,  some c o l o n i e s  o f  f ig t  were  

i n h i b i t e d  from p i g m e n t a t i o n  p r o d u c t i o n ,  b u t  n o t  g ro w th ,  

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

p i e c e .  O n ce  t h e  £ g £  c o l o n y  g r e w  f u r t h e r  f r o m  t h e  

b a c t e r i a l  c o n t a m i n a n t  o r  was t r a n s f e r r e d  t o  a f r e s h  SM- 

GGT3 p l a t e ,  p ig m e n t  p r o d u c t i o n  o c c u r r e d .  A l l  c o l o n i e s  of  

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

w h e n  c u l t u r e d  on. S.M-GGT3. I t  s h o u l d  be  n o t e d  t h a t  

E M z e c t e n i a  s p e c i e s  may a l s o  p ro d u ce  a m e l a n i n  p ig m e n t  on 

SM-GGT3 b u t  t h e y  a r e  u s u a l l y  s e v e r e l y  i n h i b i t e d  by t h e  

s e l e c t i v e  m ed ium .  I f  E M z e c t e n i a  s h o u l d  g r o w ,  i t  c an  

e a s i l y  be d i f f e r e n t i a t e d  f r o m  G s t  b a s e d  on m a c r o s c o p i c ,  

and m i c r o s c o p i c  c h a r a c t e r i s t i c s .

C om par isons  w ere  made o f  t h e  amount o f  f u n g a l  g ro w th  

on PDA a n d  SM-GGT3 o r i g i n a t i n g  f r o m  p l a n t  t i s s u e .  Ggt  

g ro w th  was i n h i b i t e d  s l i g h t l y ,  i f  a t  a l l ,  on SM-GGT3. Gjl 

s a t i i zu g .  d i d  n o t  g row  on SM-GGT3 e v e n  t h o u g h  t h e  a v e r a g e  

c o lo n y  s i z e  on PDA was 24 mm i n  d i a m e t e r .  The r o s e u m 

g r o u p  p r o d u c e d  c o l o n i e s  o f  60 mm i n  d i a m e t e r  on PDA b u t
S

were,  r e d u c e d  by 85% t o  90% on SM-GGT3, p r o v i d i n g  Ejl 

r o s e u m  c o l o n i e s  g re w  a t  a l l .  R h i z o c t o n i a s p e c i e s  w e r e  

i s o l a t e d  o n l y  o n c e  on PDA and  w e r e  n e v e r  i s o l a t e d  on



37

SM-GGT3. A l though  u n i d e n t i f i e d  s t e r i l e  m y c e l i a  grew on 

SM-GGT3, t h e  g ro w th  was r e s t r i c t e d  t o  l e s s  t h a n  15 mm i n  

d i a m e t e r .  R h i z o p u s  c o n t a m i n a t e d  I  p l a t e  o f  PDA a n d  I  

p l a t e  o f  S M-GGT3. B a c t e r i a l  g r o w t h  w a s  u s u a l l y  

c o m p l e t e l y  i n h i b i t e d  on SM-GGT3. I f  b a c t e r i a  w e r e

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

s u r r o u n d i n g  t h e  t i s s u e  p i e c e  and d i d  n o t  s p re a d .

As w i t h  SM-GGTl, a c o m b a t  t e s t  e x p e r i m e n t  w as  

c o n d u c t e d  t o  d e t e r m i n e  t h e  e f f i c i e n c y  o f  SM-GGT3 i n  

d e t e c t i n g  G g t  a n d  Zjl culmojcgm. The n a t u r a l l y  i n f e c t e d  

t a k e - a l l  p l a n t  t i s s u e  s o a k e d  o n l y  i n  s t e r i l e  d i s t i l l e d  

w a t e r  y i e l d e d  67% Ggt  w i t h  p i g m e n t  a n d  0% Zjl 

The  n a t u r a l l y  i n f e c t e d  t i s s u e  s o a k e d  i n  Z*. cg lm g^um  

s p o r e s  y i e l d e d  17% G gt  a n d  17% Z=. c u lm o ru m  on SM-GGT3 

v e r s u s  100% Ejl e g I ibs i .gin a n d  0% G g t  on  PDA. The Z*. 

c u l mo r u m c o l o n i e s  on SM-GGT3 w ere  s e v e r e l y  i n h i b i t e d  i n  

g r o w t h  t o  l e s s  t h a n  10 mm i n  d i a m e t e r  v e r s u s  60 mm i n  

d i a m e t e r  on PDA.

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

f e a s i b i l i t y  o f  SM-GGT3 f o r  u s e  i n  a s o i l  a s s a y  s y s t e m .  

U s in g  t h e  s o i l  s u s p e n s i o n  a s s a y  m e t h o d ,  G g t  was n o t  

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

s t r e p t o m y c i n  s u l f a t e  (PDA+),  SM-GGT2 o r  SM-GGT3. 

R h izo p us and b a c t e r i a l  c o l o n i e s  were  t h e  o n ly  o r g a n i s m s  

g ro w in g  on PDA+, u s i n g  t h e  s o i l / i n o c u l u m  m i x t u r e  from. Ulm,
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MT. O n ly  R h l z o p u s  g rew  on SM-GGT3. W i th  t h e  Bozem an ,  

MT. s o i l / i n o c u l u m  m ix tu re , ,  a g r e a t e r  v a r i e t y  o f  o r g a n i s m s  

g rew  on PDA+ b u t  o n l y  a s t e r i l e  f u n g u s  w i t h  n o n - s e p t a t e  

hyphae and a b a c t e r i a l  s p e c i e s  grew on SM-GGT3. Both o f  

t h e s e  o r g a n i s m s  w ere  few i n  number and s m a l l  i n  s i z e .

W i t h  t h e  s i e v e d  s o i l  t e c h n i q u e ,  Ggt  w a s  i s o l a t e d  

f r o m  t h e  Bozem an m i x t u r e  u s i n g  a l l  t h r e e  m e d i a  and  a l l  

f i v e  s i e v e  s i z e s ,  w i t h  PDA+, R h iz o p u s , F u s a r i u m s p e c i e s ,  

P e n i c i l l i u m s p e c i e s  and a s t e r i l e  fu n g u s  w i t h  n o n - s e p t a t e  

hyphae w ere  a l s o  i s o l a t e d  w h i l e  o n l y . R h iz o p u s , a 

s t e r i l e  fu n g u s  w i t h  n o n - s e p t a t e  hyphae  and,  a b a c t e r i u m  

were  i s o l a t e d  on SM-GGT3. Ggt was n o t  i s o l a t e d  from t h e  

Ulm, MT. s o i l / i n o c u l u m  m i x t u r e  a s  a l l  p l a t e s  w e r e  

c o v e re d  100% by R h iz o p u s .

DISCUSSION

Two o f  T s a o ' s  s u g g e s t i o n s  ( 1 9 7 0 )  w e r e  u s e d  t o  

d e v e l o p  SM-GGT3 -  s e l e c t i v e  i n h i b i t i o n  a n d  s e l e c t i v e  

d i f f e r e n t i a t i o n  by p i g m e n t a t i o n .  Gaeumannomyces u t i l i z e s  

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

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

S e l e c t i v e  i n h i b i t i o n  was a c c o m p l i s h e d  w i t h  t h e  compounds 

d i c l o r a n ,  m e t a l a x y l ,  HOE 00703 and s t r e p t o m y c i n  s u l f a t e .  

S t r e p t o m y c i n  s u l f a t e  i s  an  i n h i b i t o r  o f  g ram  p o s i t i v e  

and gram n e g a t i v e  b a c t e r i a  w h ich  makes i t  t h e  s i n g l e  m ost
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SM-GGT3 s e l e c t i v e l y  i n h i b i t e d  Oomycetes due t o  i t s  

use  o f  m e t a l a x y l .  i t  was n e c e s s a r y  t o  i n h i b i t  Oomycetes 

such  a s  PythiUiB s p e c i e s  when i s o l a t i n g  f rom r o o t  t i s s u e  

o r  s o i l  a s  t h e y  c an  be p a r a s i t i c  on p l a n t s  a n d  a r e  

u s u a l l y  common s o i l  i n h a b i t a n t s .

D i c l o r a n  was i n c o r p o r a t e d  i n  t h e  medium b eca u se  o f  

i t s  r e p o r t e d  a b i l i t y  t o  i n h i b i t  R h i z o p u s . a f u n g a l  genus 

c o m m o n l y  e n c o u n t e r e d  i n  s o i l .  E h i z o p u g  w a s  n e v e r  

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

c o n t a m i n a n t  once  on SM-GGT3 and on PDA. However,  g row th  

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

s e l e c t i v e  medium w ere  n o t  e x t e n s i v e l y  i n h i b i t e d  nor  were  

c o l o n i e s  o f  R h izopus  which  o r i g i n a t e d  from s o i l  d i l u t i o n s  

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

be t h e  u s e  o f  a 1% s i l v e r  n i t r a t e  s o l u t i o n  a s  a s u r f a c e  

s t e r i l a n t  when i s o l a t i n g  from p l a n t  t i s s u e .  The a d d i t i o n  

o f  10 u g / m l  s i l v e r  n i t r a t e  t o  PDA i n h i b i t e d  Ehi^fiBllS by 

25% t o  30% v e r s u s  no i n h i b i t i o n  w i t h  75 u g / m l  d i c l o r a n .  

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

s t e r i l a n t  w h ich  i n h i b i t e d  g ro w th  o f  Rhizopus on SM-GGT3 

and n o t  n e c c e s s a r i l y  t h e  a n t i - f u n g a l  compounds.

At  25 u g / m l ,  HOE 00703 c o m p l e t e l y  i n h i b i t e d  p u r e  

c u l t u r e s  o f  JELa. CialmfiBfiin, SLl SBSininfifiBum a n d  CL S S t i y u g

u s e f u l  a n t i - b a c t e r i a l  compound t o  add t o  a s e l e c t i v e

medium.
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w i t h  o n l y  m i n o r  i n h i b i t i o n  o f  G g t .  T h i s  sh o w ed  t h e  

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

a r e  A scom yce tes .  I t  a l s o  c o m p l e t e l y  i n h i b i t e d  s o l a n i  

w h i c h  i s  a B a s i d i o m y c p t e .  fU. Q U l m Q L U m f £*. sxiaininfiMJiiD, 

£ 1. s a .t .i yug  and Ra. s p l a n i  a r e  common r o o t  and b a s a l  culm 

p a t h o g e n s  o f  s m a l l  g r a i n s ,  a n d  i n  g e n e r a l , t h e s e  and  

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

The p r o b a b i l i t y  o f  one  o f  t h e s e  o r g a n i s m s  b e i n g  p r e s e n t  

w i t h  G g i  c a n  be h i g h .  A l s o ,  p l a n t  t i s s u e  i s o l a t i o n  

s t u d i e s  w i t h  SM-GGTl i n d i c a t e d  t h a t  Ril r o s e u m and  c .  

S S t i y u s  a c c o u n te d  f o r  t h e  l a r g e s t  p e r c e n t a g e  o f  n o n -Gat 

i s o l a t i o n s .  T h i s  n e c e s s i t a t e d  c o m p l e t e  i n h i b i t i o n  o f  

E u sa r iu m  a s  i t  g rows a t  a s i g n i f i c a n t l y  f a s t e r  r a t e  t h a n  

Gjgt. A s h e r  (1980)  s t a t e d  t h a t  f a s t - g r o w i n g  f u n g i ,  s u c h  

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

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

(1981) a l s o  n o t e d  t h a t  when i s o l a t i n g  f rom  s t o r e d  c e r e a l  

r o o t s ,  o n ly  a few hyphae would  emerge  and g r e a t  c a r e  was 

t a k e n  t o  t r a n s f e r  t h e  Ggt hyphae  "from t h e  m i d s t  o f  more 

r a p i d l y  g r o w i n g  c o l o n i e s " .  W i t h o u t  t h e  a d d i t i o n , o f  HOE 

007 03 ,  t h e  v a l u e  o f  S M-GGT3 a s  a s e l e c t i v e  medium w o u ld  

be g r e a t l y  d i m i n i s h e d .

The s e c o n d . o f  T s a o ' s  s u g g e s t i o n s  used  i n  SM-GGT3 was 

s e l e c t i v e  d i f f e r e n t i a t i o n  by p i g m e n t a t i o n .  N o t in g  t h a t  

G g t  i n f e c t i o n  o f  w h e a t  i s  a s s o c i a t e d  w i t h  d a r k  r u n n e r
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hyphae  c a l l e d  m acrohyphae  (W a lk e r ,1975; N i l so n ,1 9 6 9 )  and 

t h a t  m e l a n i n  h a s  been  e x t r a c t e d  f rom  Ggt hyphae (T esch u d i  

a n d  K e r n , 1 9 7 9 ) ,  an  a t t e m p t  w as  made t o  e n h a n c e  t h i s  

n a t u r a l  h y p h a l  p i g m e n t a t i o n .  L - t y r o s i n e ,  a n  a m in o  a c i d  

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

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

d i f f e r e n t i a t i o n  o f  £ g t  v i a  p i g m e n t a t i o n  a s  i s  done w i t h  

t h e  s e l e c t i v e  m edium  f o r  £ t £ s p t o m y £ S S  s c a b i e s  ( M e n z i e s  

a n d  D a d e , 1 9 5 9 ) .  Of t h e  f o u r  t y r o s i n e  a n a l o g u e s  t e s t e d ,  

L - 3 - 3 , 4 - d i h y d r o x y p h e n y l a l a n i n e  (L-DOPA) w as  show n t o  be 

t h e  b e s t  compound t o  in d u c e  t h e  d a r k e s t  p ig m e n t  f o r m a t i o n  

w i t h o u t  i n h i b i t i n g  G a t .

A l l  i s o l a t e s  o f  Q g i  l i s t e d  i n  T a b l e  2 p r o d u c e d  a 

m e l a n i n  p i g m e n t  when c u l t u r e d  on SM-GGT3. Q g s , Ggg a n d  

Ejl g ram i n i c o l a  a l s o  p ro d u ced  a m e l a n i n  p ig m e n t  and w i t h  

t h e  sam e  i n t e n s i t y  a s  Q g t , a s  d i d  t h e  l o b e d  h y p h o p o d i a l  

P h i a l o p h o r a  s p e c i e s .  T h is  was n o t  s u r p r i s i n g ,  however ,  

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

f u n g i  ( W a l k e r , 1 9 8 1 ) .  Some R*. S S l S f i i  i s o l a t e s  a l s o  

p r o d u c e d  a m e l a n i n  p i g m e n t  b u t  SM-GGT3 c o m p l e t e l y  

i n h i b i t e d  B M a e c t e n i s  s p e c i e s .  I f  E M a p c t g n i s  g r o w t h  

o c c u r r e d ,  m a c r o s c o p ic  and  m i c r o s c o p i c  e x a m i n a t i o n s  e a s i l y  

d i s t i n g u i s h e d  R h i z o c t o n i a  f r o m  Q g t .

To d i s t i n g u i s h  b e t w e e n  Q g t , Q g g , Q ga  a n d  £*. 

s r s m i l l JLcgJLa w i l l  be m o re  d i f f i c u l t  a n d  w i l l  p r o b a b l y
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r e q u i r e  t h e  p r o d u c t i o n  o f  p e r i t h e c i a  i n  c u l t u r e .  

However, Gqi  i s  c o n s i d e r e d  t o  be t h e  main c a u se  of. t a k e -  

a l l  o f  w hea t .  Gga i s  t h e  m a jo r  c a u se  o f  o a t  t a k e - a l l  and 

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

a t t a c k s  w h e a t  a n d  b a r l e y .  Ggg i s  o n l y  s l i g h t l y  

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

h o s t s  (W a lk e r ,1981),  £*. g ram i n i c o l a  h as  been i d e n t i f i e d

o n ly  once  i n  t h e  U n i t e d  S t a t e s  ( p e r s o n a l  c o m m u n ica t io n ,  

P.T.W. Wong) a n d  i s  c o n s i d e r e d  a s a p r o p h y t e  i n  E u ro p e  

(W a lk e r ,1981) .  Thus,  i t  would  l o g i c a l l y  be assum ed  t h a t  

when w o r k i n g  w i t h  t a k e - a l l  o f  w h e a t ,  t h e  p a t h o g e n i c  

o r g a n i s m  w hich  would  be i s o l a t e d  would  be G a t .

A n o t h e r  p o s s i b l e  w ay  t o  d i s t i n g u i s h  b e t w e e n  

v a r i e t i e s  o f  GSegrnsnilSinXfies g z s z n i n i s  w o u l d  be w i t h  

c h e m i c a l  a d d i t i v e s  t o  SM-GGT3:. The s u l f u r  c o n t a i n i n g  

amino a c i d s  c y s t e i n e  and c y s t i n e  r e p o r t e d l y  i n h i b i t  Gaa 

g r o w t h  w h i l e  s t i m u l a t i n g  G g t  g r o w t h  

( T u r n e r , 1 9 5 7 ,1 9 5 9 ,1 9 6 1 ) .  P r e l i m i n a r y  r e s u l t s  u t i l i z i n g  

t h e  c u l t u r e s  o f  Gg o b t a i n e d  f r o m  P.T.W. Wong an d  t h e  

d e f i n e d  medium d e s c r i b e d  by T u r n e r  (1957,-1959) d i d  n o t  

f o l l o w  t h i s  p a t t e r n .  3 - e s c i n  ( a e s c i n )  i s  a 

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

o a t  r o o t s  c a u s i n g  r e s i s t a n c e  t o  Ggg and  G g t  b u t  n o t  Gga 

( T u r n e r , 1 9 6 0 , 1 9 6 1 ;  O l s e n , 1 9 7 1 ) .  When g - e s c i n  w as  

i n c o r p o r a t e d  i n t o  PDA a t  I  a n d  10 u g / m l ,  Ggg , Ggt  a n d  JL1.
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S^dIBjinjLcQlji g r o w t h  was  i n h i b i t e d  m ore  t h a n  Ggs g r o w t h .  

A n o th e r  compound w h ich  was n o t  i n h i b i t o r y  t o  Gga b u t  was 

t o  t h e  o t h e r  r e l a t e d  f u n g i  w a s  s a l i c i n  ( 2 -  

[ h y d r o x y m e t h y l ] p h e n y l - B- d - g u l c o p y r a n o s i d e )  a t  100  u g / m l .  

A r b u t i n  (h y d r o x y q u in o n e - 3 - D - g lu c o p y r a n o s id e )  a t  100 ug /m l  

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

From t h e s e  r e s u l t s  i t  a p p e a r s  t h a t  SM-GGT3 c o u ld  be made 

s e l e c t i v e  f o r  Gga. '

A few i n t e r e s t i n g  p o i n t s  s h o u l d  be n o t e d  c o n c e r n in g  

t h e  m e l a n i n  p ig m e n t  phenomenon. M elan in  i s  fo rm ed  v i a  t h e  

o x i d a t i o n  o f  t y r o s i n e  ( F i g u r e  2) w i t h  DOPA b e i n g  t h e  

f i r s t  compound p ro d u ced .  T y r o s i n a s e ,  a cop p er  c o n t a i n i n g  

p r o t e i n  ( D r e s s i e r  a n d  D a w s o n , 1 9 6 0 a , 1 9 6 0 b ;  B r i g h t  e t  

a l . , 1 9 6 3 ) ,  i s  t h e  n e c e s s a r y  e n zy m e  f o r  t h i s  s t e p  a n d  f o r  

t h e  n e x t  s t e p  i n  t h e  f o r m a t i o n  o f  do p a  q u i n o n e .  

T h e r e a f t e r ,  t h e  r e a c t i o n s  r e q u i r e  no e n z y m e s  o r  o c c u r  

s p o n t a n e o u s l y .  M elan in  i s  a po lym er  or  g ro u p  o f  p o ly m e rs  

o f  random s t r u c t u r e  (White e t  a l . , 1 9 7 3 ) .

S i n c e  t h e  p r o d u c t i o n  o f  m e l a n i n  i s  an  o x i d a t i v e  

p r o c e s s ,  two e x p e r i m e n t s  were  c o n d u c te d  t o  d e t e r m i n e  i f  

t h e  p r o d u c t i o n  o f  t h e  d a r k  p i g m e n t  by G g i  c o u l d  be 

i n h i b i t e d  when t y r o s i n e  was  p r e s e n t  i n  t h e  PDA m edium. 

E t h o x y q u i n  (1 , 2 - d i h y d r o - 6 - e t h o x y - 2 , 2 , 4 - t h i m e t h y ! q u i n o ­

l i n e ) ,  an a n t i o x i d a n t  o b t a i n e d  f rom  Monsanto A g r i c u l t u r e  

P r o d u c t s  Co., S t .  L o u is ,  Mo., was added t o  PDA c o n t a i n i n g
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F i g u r e  2 .  M elan in  f o r m a t i o n  from t y r o s i n e .  (Mahler  and 
C o rd e s ,1 9 6 6 ;  White  e t  a l . , 1 9 7 3 )

T yrosin e

I

3 , 4 - 6 - D ih y d r o x y p h e n y la la n in e  
(DOPA)

I

P h e n y l a l a n i n e - 3 , 4 - q u i n o n e  
(Dopa q u inone)

- I

2 - C a r b o x y - 2 , 3 - d i h y d r o - 5 , 6 - d i h y d r o x y in d o le  
(Leuko compound)

I

2- C a r b o x y - 2 , 3 - d i h y d r o i n d o l e - 5 , 6 - q u in o n e  
(H a l lach rom e)

I

5 ,6 - D i h y d r o x y i n d o le

X
I n d o l e - 5 , 6 - q u i n o i n e

X

M elanin
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500 u g /m l  t y r o s i n e .  At t h e  r a t e  o f  10 u g /m l ,  e th o x y q u in  

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

i n h i b i t  p i g m e n t  p r o d u c t i o n .  I n  a s e c o n d  e x p e r i m e n t ,  

p l a t e s  o f  PDA c o n t a i n i n g  5 0 0  u g / m l  t y r o s i n e  w e r e  

i n o c u l a t e d  w i t h  G o t . They were  t h e n  p l a c e d  i n  a B r e w e r ' s  

j a r  a n d  p u r g e d  w i t h  n i t r o g e n .  The r e s u l t  was. no 

i n h i b i t i o n  o f  G g t  g r o w t h  b u t  100% i n h i b i t i o n  o f  

p i g m e n t  p r o d u c t i o n .  A f t e r  5 d a y s  t h e s e  p l a t e s  w e r e  

removed from t h e  low oxygen e n v i r o n m e n t  and p l a c e d  i n  t h e  

room a t m o s p h e r e .  W i t h i n  2 d a y s  p i g m e n t  p r o d u c t i o n  

o c c u r r e d  a n d  t h e  h y p h a e  t u r n e d  a d a r k  c o l o r  a l s o .  The 

r e s u l t s  f rom t h e s e  e x p e r i m e n t s ,  p l u s  t h e  u t i l i z a t i o n  of  

L-DOPA t o  i n i t i a t e  p i g m e n t  p r o d u c t i o n  by Ggt , w o u ld  

d e f i n i t e l y  s u g g e s t  i t  i s  a m e l a n i n  p ig m e n t  b e in g  p roduced  

by Ggt which  d i f f u s e s  i n t o  t h e  medium.

T y r o s i n e  i s  n o t  o n l y  a p r e c u r s o r  o f  m e l a n i n  b u t  a l s o  

o f  p - c o u m a r i c  a c i d  a n d  h o r d e n i n e  w h i c h  i n  t u r n  a r e  

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

f o r m a t i o n  ( F r a n k  a n d  M a r i o n , 1 9 5 6 ;  S a l i s b u r y  a n d  

R o s s ,1969; F r i e n d , 1976; Barz and H o e se l ,1 9 7 9 ) .  H orden ine  

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

30 d a y s  o f  g r o w t h  ( Mann a n d  M udd,1963)  j u s t  a s  g r a m i n e  i s  

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

b a r l e y .  H o w e v e r , g r a m i n e  i s  d e r i v e d  f r o m  t r y t o p h a n  

(Grower and L e e te ,1 9 6 3 ) .  V a r io u s  compounds w i t h i n  t h e s e
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p a t h w a y s  p l u s  o t h e r  p h e n o l s  a n d  q u i n o n e s  w e r e  t e s t e d  

(Appendix T ab le  23) w i t h  t h e  r a t i o n a l i z a t i o n  t h a t  p e rh a p s  

one  w o u l d  n o t  be i n h i b i t o r y  t o w a r d s  £cj£ b u t  w o u ld  be 

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

s p e c i f i c a l l y  Fjl c u l mpjum, £*. a r a m i n e a r u m, £*. s a t i v u s  and 

ILl s o l a n i .  Many p h e n o l s  a n d  q u i n o n e s  c a n  be p o t e n t  

f u n g i s t a t i c  compounds such  a s  c h lo r O g e n ic  a c i d  ( S a l i s b u r y  

a n d  R o s s f 1 96 9) .  F u n g a l  p i g m e n t s  may be f i n a l  m e t a b o l i c  

p r o d u c t s  such  a s  t o x i c  w a s t e s  o r  may p l a y  an a c t i v e  r o l e  

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

A r t s i k h o r s k a y a , 1 9 6 4 ) .  R u b in  a n d  A r t s i k h o r s k a y a  (1964)  

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

a cco m p an ied  by c o r r e s p o n d i n g  p h e n o l s  i n  v a r i o u s  f u n g i  and 

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

p r o p e r t i e s .  I f  t h i s  was c o r r e c t ,  t h e n  p e rh a p s  one o f  t h e  

g e n e r a l  o r g a n i c  c o m p o u n d s  t e s t e d  w o u l d  i n d u c e  S g t  t o  

p ro d u ce  a p ig m e n t  which  would i n h i b i t  o t h e r  f u n g i  b u t  n o t  

G a t . W hile  compounds o t h e r  t h a n  t h e  t y r o s i n e  a n a l o g u e s  

i n d u c e d  p ig m e n t  p r o d u c t i o n ,  n a m e ly  dopamine,  c h l o r o g e n i c  

a c i d ,  c a t e c h i n  and g a l l i c  a c i d ,  none s e r i o u s l y  i n h i b i t e d  

t h e  t e s t  f u n g i  o r  G g t .

T he  a d v a n t a g e s  o f  SM-GGT3 o v e r  PDA a n d  PDA 

c o n t a i n i n g  a n t i b i o t i c s  a r e  s u b s t a n t i a l .  SM-GGT3 i s  

s e l e c t i v e  a g a i n s t  b a c t e r i a ,  O o m y c e te s  a n d  many common 

s o i l  and p l a n t  p a r a s i t i c  and s a p r o p h y t i c  A scom yce tes  and
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B a s i d i o m y c e t e s  -  p a r t i c u l a r l y  t h o s e  c a u s i n g  s m a l l  g r a i n  

r o o t  a n d  s t e m  d i s e a s e s .  T h i s  medium a l l o w s  Ggj: t o  

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

d i f f e r e n t i a t e  i t  v i a  f o r m a t i o n  o f  a m e la n in  p ig m e n t .  Ggt  

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

a l t e r e d  by t h e  s e l e c t i v e  medium. A lso ,  when c o n d u c t in g  

Got p a t h o g e n i c i t y  t e s t s ,  r e s u l t s  u s i n g  SM-GGT3 a g a r  d i s c s  

i n o c u l a t e d  w i t h  Gg t  i s o l a t e s  a s  i n o c u l u m  w e r e  e x a c t l y  

t h e  same a s  t h o s e  u s i n g  PDA d i s c s  -  i . e .  t h e  s e e d l i n g s  

w ere  i n f e c t e d .  Thus,  one c o u ld  q u i c k l y  f u l f i l l  Koch's 

p o s t u l a t e s  u s i n g  S M-GGT3 a s  t h e  i s o l a t i o n  m edium .  To 

i m p r o v e  upon  t h i s  m e t h o d ,  i t  w o u l d  be b e s t  t o  m ark  t h e  

Ggt i s o l a t e .  One n u c l e a r  m ark e r  w h ich  h as  been u sed  i s  a 

s p e c i f i c  r e q u i r e m e n t  f o r  p - a m in o b e n z o ic  a c i c  (Blanch e t  

a l . , 1 9 8 1 ) .  The compounds f o r  SM-GGT3 a r e  i n e x p e n s i v e  and 

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

p r o d u c e .  The s h e l f  l i f e  o f  t h e  medium i s  a t  l e a s t  3 

m on ths .

The o n ly  d i s a d v a n t a g e  of  SM-GGT3 may p e r h a p s  be i t s  

i n a b i l i t y  t o  c o m p l e t e l y  i n h i b i t  R h izo p u s . R hizopus  was 

n e v e r  a p rob lem  i n  i s o l a t i n g  f rom  p l a n t  t i s s u e  u s in g  t h i s  

m e d iu m  a n d  s i l v e r  n i t r a t e  a s  a s u r f a c e  s t e r i l a n t .  

H o w e v e r ,  i n  s o i l  a s s a y s  f o r  G g t , B h i& opus  was  a n d  w i l l  be 

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

i d e n t i f i e d .  P a p a v i z a s  an d  Lusm sder i  (1982) w e r e  a b l e  t o
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s i g n i f i c a n t l y  im prove  a s e l e c t i v e  medium f o r  i s o l a t i o n  o f  

T r i c j a f id s r m a  f r o m  s o i l s  i n f e s t e d  w i t h  B M z o p u s  by t h e  

a d d i t i o n  o f  t h e  s u r f a c t a n t  T r i t o n - X - 1 0 0 .  I n  t h e i r  

t r i a l s ,  d i c l o r a n  and m e t a l a x y l  d i d  n o t  i n h i b i t  Rhizopus 

even  a t  200 u g /m l  a c t i v e  i n g r e d i e n t .  Q u in to z e n e  red u c ed  

fihi.spgufi b u t  even  a t  25 u g /m l  a c t i v e  i n g r e d i e n t  i t  a l s o  

i n h i b i t e d  Trif ihf idf i r ina .  T h e s e  r e s u l t s  a r e  s i m i l a r  t o  

t h o s e  o b t a i n e d  i n  my s t u d y  w h e r e  T r i t o n - X - 1 0 0  w a s  

i n h i b i t o r y  t o w a r d s  G a t .

I t  i s  b e l i e v e d  t h a t  f u t u r e  w o rk  c o n c e r n i n g  Ggt  

i s o l a t i o n ,  e i t h e r  f rom  p l a n t  t i s s u e  o r  f rom s o i l s ,  sh o u ld  

be b a s e d  on SM-GGT3. A s e l e c t i v e  medium w o u l d  a l s o  h e l p  

t o  q u a n t i f y  t h e  a m o u n t  o f  Q g t  i n o c u l u m  i n  t h e  s o i l  and  

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

d i s e a s e .  C u r r e n t l y  Q g t  i s  c om m only  d e t e c t e d  i n  s o i l s  

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

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

a y i r u l e n t  Gg t  i s o l a t e s  ( S h i p t . o n , 1 9 8 1 ) . Use o f  SM-GGT3 

sh o u ld  a c c o m p l i s h  t h i s  g o a l .  P a s t  e x p e r i m e n t s  by Asher 

(1980)  h a v e  shown an  a b s e n c e  o f  any  c o r r e l a t i o n  b e t w e e n  

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

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

(SM-GGT3), v i r u l e n t  a n d  a v i r u l e n t  i s o l a t e s  c o u l d  be 

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

s t u d i e s .  An e x p e r i m e n t  w h ich  s h o u ld  be c o n d u c te d  t h e n
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i s  t o  o b t a i n  known a v i r u l e n t  i s o l a t e s  a n d  d e t e r m i n e  

t h e i r  g r o w t h  a n d  p i g m e n t a t i o n  p a t t e r n s  on SM-GGT3. 

A no the r  i n t e r e s t i n g  e x p e r i m e n t  would  use  two i s o l a t e s  (a 

v i r u l e n t  a n d  an  a v i r u l e n t )  w h i c h  p r o d u c e  a m e l a n i n  

p ig m e n t  on SM-GGT3. M uta te  them such  t h a t  b o th  i s o l a t e s  

g row  on SM-GGT3 b u t  do n o t  p r o d u c e  a p i g m e n t .  N e x t ,  

d e t e r m i n e  i f  t h e i r ,  p a t h o g e n i c  c h a r a c t e r i s t i c s  have  been 

a l t e r e d .  T h i s  w o u l d  h e l p  t o  e s t a b l i s h  a r e l a t i o n s h i p  

be tw een  p a t h o g e n i c i t y  and p i g m e n t a t i o n .
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C h a p te r  4

R e l a t i o n s h i p  be tween  Sub-crown I n t e r n o d e  
R a t i n g s  and 1000 K e rn e l  W eight

INTRODUCTION

Methods o f  e s t i m a t i n g  y i e l d  l o s s e s  c a u se d  by t a k e -  

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

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

w i t h  y i e l d  l o s s  o b s e r v a t i o n s .  W h i l e  y i e l d  l o s s  

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

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

and t e c h n i q u e s  v a r i a b l e .  The m os t  w i d e l y  used  t a k e - a l l  

s e v e r i t y  a s s e s s m e n t  method e n t a i l s  t h e  v i s u a l  e s t i m a t i o n  

o f  t h e  p e r c e n t a g e  o f  b l a c k e n e d  r o o t s  on a p l a n t  (C la rkson  

and P o l l e y , 1 9 8 1 ) . However, a s  C la rk s o n  and P o l i c y  (1981) 

p o i n t  o u t ,  t h i s  m e th o d  p o s e s  a nu m b er  o f  p r o b l e m s .  The 

p r i m a r y  o n e  i s  t h e  i n a b i l i t y  t o  o b t a i n  t h e  e n t i r e  r o o t  

sy s te m  when d i g g in g  or. p u l l i n g  up p l a n t s .  T h i s  r e s u l t s  in  

v a r i a t i o n  b e tw een  p l a n t s ,  r e p l i c a t e s  and even e x p e r i m e n t s  

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

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

w i t h  a l a r g e  numbers  o f  s a m p le s .



51

T h e r e  i s  a l s o  some d o u b t  a s  t o  w h e t h e r  t h e  e x t e n t  o f  

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

i n t e n s i t y .  D e a c o n  a n d  H e n r y  ( 1 9 7 8 )  a d v o c a t e d  a n  

a s s e s s m e n t  m ethod  w h ich  r a t e d  p l a n t s  on t h e i r  a b i l i t y  t o  

t r a n s p o r t  eo s^ n  dye p a s t  i n f e c t i o n  s i t e s .  T h is  would be 

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

T h e r e f o r e ,  t h e  b e s t  m e t h o d  a t  p r e s e n t  i s  t o  r a t e  

d i s c o l o r a t i o n  o f  t h e  r o o t  s y s t e m .  I n  t h i s  s t u d y ,  an 

a t t e m p t  w as  made t o  i d e n t i f y  a q u i c k ,  e a s y  a n d  a c c u r a t e  

method t o  use  f o r  d i s e a s e  a s s e s s m e n t  t h a t  would  c o r r e l a t e  

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

t h e  e n t i r e  r o o t  sy s te m .
'

MATERIALS AND METHODS

I n  1981 tw o  s p r i n g  w h e a t  f i e l d s  i n  w h i c h  Ggt  h ad  

b e e n  c o n f i r m e d  w e r e  s e l e c t e d  a s  s a m p l i n g  s i t e s .  S i t e  I  

was l o c a t e d  f i v e  m i l e s  e a s t  o f  F a i r f i e l d ,  MT. T h i s  s i t e  

h a s  n e a r l y  l e v e l  s o i l s  w i t h  lo am  t o  c l a y  lo a m  s u r f a c e  

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

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

was:  1 9 Sl=Wampum s p r i n g  w h e a t ;  1 9 8 0 = b a r le y ;  1 9 7 9 = b a r le y ;

1978 = b a r l e y ; 1 9 7 7 = a l f a l f a. S i t e  2 was l o c a t e d  f o u r  m i l e s  

e a s t  o f  U lm , MT. The s o i l s  a t  t h i s  s i t e  w e r e  c o a r s e  

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

u n d e r l a i n  by loamy m a t e r i a l s  b e tw ee n  50-100 cm. The
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c r o p p i n g  h i s t o r y  w a s :  1 9 8 1 = N e w a n a  s p r i n g  w h e a t ;

1 9 80 = s p r i n g  w h e a t ;  1 97 9 = s p r i n g  w h e a t ;  1 97 8 = f a b a  b e a n s ;  

1 9 7 7 = d ry lan d  n a t i v e  g r a s s .  Both f i e l d s  i n  1981 were  under 

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

management  a c c o r d i n g  t o  c u r r e n t  r e c o m m e n d a t io n s .  The two 

f i e l d s  w ere  o p p o s i t e s  i n  t e r m s  o f  s o i l s ,  c r o p p in g  h i s t o r y  

and f i e l d  i n c i d e n c e  and s e v e r i t y  o f  t a k e - a l l .  S i t e  I  had 

o n l y  s m a l l , i n f r e q u e n t  p a t c h e s  o f  t a k e - a l l  w h e r e a s  a t  

s i t e  2, 30%-50% of  t h e  f i e l d  had s t e r i l e  h e ad s  i n d i c a t i n g  

a s e v e r e  t a k e - a l l  p rob lem .

The s i n g l e  p l a n t  s a m p l in g  t e c h n i q u e  was u t i l i z e d  i n  

which  l a r g e  num bers  o f  p l a n t s  i n  t h e  i n f e c t e d  f i e l d s  were  

s a m p l e d  a t  m a t u r i t y  ( N i l s s o n , 1 9 6 9 ;  P o l i c y  a n d  

C l a r k s o n , 1980). In  each  f i e l d ,  a p p r o x i m a t e l y  100 p l a n t s  

w e r e  t a k e n  f r o m  a r e a s  o f  a p p a r e n t l y  h e a l t h y  p l a n t s  and  

100 p l a n t s  f r o m  t h e  t a k e - a l l  p a t c h e s .  T h i s . i n s u r e d  

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

r e p r e s e n t e d .  P l a n t s  were  p u l l e d  f rom t h e  s o i l  and p l a c e d  

i n  p a p e r  bags  t o  d ry .  M ature  p l a n t s  can be a i r  d r i e d  and 

s t o r e d  i n d e f i n i t e l y  (C la rk so n  and P o l i c y , 1981).

A f t e r  tw o  m o n t h s , t h e  r o o t  s y s t e m  was  c u t  f ro m  t h e  

p l a n t  two i n c h e s  above t h e  crown and t h e  r e m a i n i n g  heads  

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

g r a i n  w ere  p l a c e d  i n  t h e  same e n v e lo p e .  L a t e r  each  p l a n t  

was r a t e d  f o r  d i s e a s e  s e v e r i t y .  Heads pe r  p l a n t ,  k e r n e l s
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p e r  h e a d  a n d  1000 k e r n e l  w e i g h t  w e r e  a l s o  r e c o r d e d  f o r

each  p l a n t .  The su b -c ro w n  i n t e r n o d e  (SCI) f o r  each  p l a n t  

was r a t e d  a f t e r  t h e  method o u t l i n e d  f o r  common d r y l a n d

r o o t  r o t  (Ledingham e t  a l . , 1 9 7 3 ) :

SCI R a t i n g SCI Symptoms

1 (Clean)
2 ( S l i g h t )

3 (Moderate)
4 ( S e v e r e )

SCI p e r f e c t l y  c l e a n .
SCI w i t h  m inor  i s o l a t e d  l e s i o n s  o r

w i t h  an o v e r a l l  s l i g h t  d i s c o l o r a t i o n .  
SCI w i t h  c o a l e s c i n g  l e s i o n s .
SCI w i t h  a t  l e a s t  75% t o t a l l y  b lac k en e d .

C o r r e l a t i o n  a n d  r e g r e s s i o n  s t a t i s t i c s  w e r e  r u n  on SCI 

r a t i n g s  and mean 1000 k e r n e l  w e i g h t s  f o r  each  i n d i v i d u a l  

f i e l d .

RESULTS

The r e s u l t s  a r e  sum m arized  i n  T a b l e s  11 and 12. The 

mean 1000  k e r n e l  w e i g h t  f o r  e a c h  SCI d i s e a s e  s e v e r i t y  

c a t e g o r y  was u s e d  r a t h e r  t h a n ,  t h e  i n d i v i d u a l  p l a n t  1000 

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

m ea su re  t h e  c o r r e l a t i o n  b e tw een  t h e  two v a r i a b l e s  w i t h i n  

a p l a n t  p o p u l a t i o n  r a t h e r  t h a n  be tw een  i n d i v i d u a l  p l a n t s .  

W i th  an i n d i v i d u a l  p l a n t ,  many o t h e r  f a c t o r s  b e s i d e s  

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

e q u a l l y  f o r  e a c h  p l a n t .  T h e r e f o r e  a low  c o r r e l a t i o n  

would  be e x p e c t e d  b e tw een  any two v a r i a b l e s  f o r  a s i n g l e  

p l a n t  i n c l u d i n g  SCI r a t i n g  and 1000 k e r n e l  w e i g h t .  The r
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T a b le  11 .  The number o f  • Wampum s p r i n g  w h e a t  p l a n t s  
r a t e d  a n d  t h e  mean 1000  k e r n e l  w e i g h t  (TKW) 
f o r  e a c h  s u b - c r o w n  i n t e r n o d e  (SCI) t a k e - a l l  
d i s e a s e  s e v e r i t y  c a t e g o r y  a t  f i e l d  s i t e  I  
l o c a t e d  n e a r  F a i r f i e l d ,  MT i n  1981.

SCI R a t i n g No. P l a n t s Mean TKW (g)

I  (C lean) 51 36 .0
2 ( S l i g h t ) 28 3 3 .9
3 (Moderate) 20 32 .7
4 (S evere ) 48 27.8

T ab le  12 .  The number o f  Newana s p r i n g  w h e a t  p l a n t s  
r a t e d  a n d  t h e  mean 100 0 k e r n e l  w e i g h t  (TKW) 
f o r  each  su b -c ro w n  i n t e r n o d e  (SCI) t a k e - a l l  
d i s e a s e  s e v e r i t y  c a t e g o r y  a t  f i e l d  s i t e  2 
l o c a t e d  n e a r  Ulm, MT i n  1981.

SCI R a t i n g No. P l a n t s Mean TKW (g)

I  (Clean) 24 42.3
2 ( S l i g h t ) 20 40 .8
3 (Moderate) 19 2 8 .5
4 (Severe ) 55 25.4
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v a l u e  f o r  s i n g l e  p l a n t  a s s e s s m e n t s  f o r  s i t e  I  was  - . 5 2  

( p = .0 01) a n d  f o r  s i t e  2 i t  w as  - . 6 2  (p = .0 0 1 ) .

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

h ow ever ,  t h e s e  f a c t o r s  do have  an e q u a l  chance  of  

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

f o r  u s i n g  mean 1000 k e r n e l  w e i g h t s  f o r  d e t e r m i n g  t h e  r 

v a l u e .  Fo r  s i t e  I ,  t h e  r  v a l u e  f o r  p l a n t  p o p u l a t i o n  

a s s e s s m e n t s  was -0 .96  (p=.05). T h is  d e n o te s  a v e r y  c l o s e  

r e l a t i o n s h i p  b e t w e e n  t h e  SCI r a t i n g  a n d  t h e  1000 k e r n e l  

w e i g h t .  The b v a l u e  w as  - 2 . 6 0 3  i n d i c a t i n g  t h e r e  was  a 

2.6 g l o s s  i n  1000 k e r n e l  w e i g h t  f o r  each  i n c r e a s e  i n  SCI 

r a t i n g  s e v e r i t y .  The r 2 v a l u e  w as  - 0 . 9 1 7  (p= .05)  w h i c h  

s p e c i f i e s  t h a t  91.7% o f  t h e  change i n  1000 k e r n e l  w e ig h t  

was due t o  t h e  s e v e r i t y  o f  t h e  Ggt d i s e a s e  r a t i n g  o f  t h e  

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

a r e  i l l u s t r a t e d  i n  F i g u r e  3. For s i t e  2, t h e  r v a l u e  was 

- 0 . 9 5  (p=.0  5) , b e q u a l e d  - 6 . 3 1 4  a n d  r 2 was  0 .90  6 (p = .0 5 ) .  

The r e g r e s s i o n  e q u a t i o n  and  c o n f i d e n c e  i n t e r v a l s  a r e  

i l l u s t r a t e d  in  F i g u r e  4.

DISCUSSION

A v e r y  c l o s e  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  t h e  SCI 

t a k e - a l l  s e v e r i t y  r a t i n g  and 1000 k e r n e l  w e i g h t ,  which i s  

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

w e r e  p u l l e d  f o r  r a t i n g  d u r i n g  l a t e  dough d e v e l o p m e n t  

a n d / o r  r i p e n i n g ,  i t  w o u ld  be b e s t  t o  r a t e  p l a n t s  d u r i n g
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Figure  3. R e g r e s s i o n  e q u a t i o n  and  c o n f i d e n c e  
i n t e r v a l s  f o r  t h e  r e l a t i o n s h i p  
b e t w e e n  t a k e  a l l  s u b —c ro w n  i n t e r n o d e  (SCI) 
s e v e r i t y  r a t i n g  an d  1000  k e r n e l  w e i g h t  f o r  
Wampum s p r i n g  w h e a t  i n  a f i e l d  l o c a t e d  n e a r  
F a i r f i e l d ,  MT. i n  1 9 8 1 .  (X=SCI D i s e a s e  
R a t i n g ;  Y=IOOO Kerne l  Weight)

Y=39.09+(-2.603)X

SCI Disease Rating
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F i g u r e  4.  R e g r e s s i o n  e q u a t i o n  ( .m■■.■■■) and  c o n f i d e n c e  
i n t e r v a l s  ( i immim) f o r  t h e  r e l a t i o n s h i p  
b e t w e e n  t a k e - a l l  s u b - c r o w n  i n t e r  node  (SCI) 
s e v e r i t y  r a t i n g  and  1000  k e r n e l  w e i g h t  f o r  
Newana s p r i n g  w h e a t  i n  a f i e l d  l o c a t e d  n e a r  
Ulm,  MT. i n  1981 .  (X=SCI D i s e a s e  R a t i n g ;  
Y=IOOO Kerne l  Weight)

Y=50.04+(-6.314)X

SC I Disease Rating
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a n t h e s i s  o r  m i l k  d e v e l o p m e n t  f o r  two  r e a s o n s .  L a t e  Qgt  

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

P l a n t s  r a t e d  p r i o r  t o  o r  a t  h a r v e s t ,  may h a v e  o t h e r  

l e s i o n s  b e s i d e s  t h o s e  caused  by Qgt  due t o  t h e  a g e i n g  o f  

r o o t s  o r  s e c o n d a r y  f u n g a l  i n v a s i o n  ( C l a r k s o n  a n d  

P o l i c y , 198 1 ) .

There  a r e  a number o f  r e a s o n s  why one m ig h t  a d v oc a t e  

t h e  d i s e a s e  a s s e s s m e n t  m e t h o d  d e v e l o p e d  i n  t h i s  s t u d y .  

R a t i n g  a SCI on a f o u r  p o i n t  s c a l e  w o u l d  be much e a s i e r  

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

and i s  p r o b a b l y  l e s s  s u b j e c t i v e .  D i f f e r e n t  w o r k e r s  cou ld  

t h e n  a d e q u a t e l y  compare  t h e i r  r e s u l t s .  There  was o n l y  a 

1% d i f f e r e n c e  i n  t h e  r 2 v a l u e  f o r  bo th  f i e l d  s i t e s  i n  my 

s t u d y .  C o n s i d e r i n g  t h e  e x t r e m e  d i f f e r e n c e s  be tween t h e  

two f i e l d s ,  t h e s e  s i m i l a r  r 2 v a l u e s  a i d  i n  s u p p o r t i n g  t h e  

u s e f u l n e s s  o f  t h e  SCI d i s e a s e  r a t i n g  sys tem.

M o s t  w o r k e r s  a s s e s s  t a k e —a l l  r o o t  d a m a g e  by 

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

r o o t s  f l o a t  i n  t h e  w a t e r  -  s o m e t i m e s  w i t h  t h e  a i d  o f  

m a g n i f i c a t i o n  ( C l a r k s o n  and  P o l l e y , 1 9 8 1 ) . To r a t e  t h e  

SCI ,  i t  was  o n l y  n e c e s s a r y  t o  wa sh  t h e  r e g i o n  an d  o b s e r v e  

t h e  e x t e n t  o f  l e s i o n  d e v e l o p m e n t .  A l t h o u g h  SCI l e n g t h  

v a r i e d  f r o m  p l a n t  t o  p l a n t ,  SCI w e r e  q u i t e  d u r a b l e  and  

s t o o d  up t o  much p h y s i c a l  h a n d l i n g .  E n t i r e  p l a n t  r o o t  

s y s t e m s  would be d i f f i c u l t  t o  o b t a i n  and would  be e a s i l y
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damaged by t r a n s p o r t  o r  h a n d l i n g .  T h i s  would  a l l o w  f o r  a 

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

be tween  p l a n t s .  To r ed u c e  v a r i a t i o n  w i t h  t h e  SCI r a t i n g  

s y s t e m ,  i t  w o u l d  be b e s t  t o  s p e c i f y  t h a t  a SCI t o  be 

r a t e d  m u s t  be a t  l e a s t  2 cm i n  l e n g t h .  A l s o ,  f i e l d  

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

u n i f o r m  d e p th  o f  a t  l e a s t  2.5 cm w i t h  a r e l i a b l e  p l a n t e r .

I t  s h o u l d  a l s o  be  n o t e d  t h a t  a t t a c k  by G g t  on  

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

and  M y e r s , 1 9 8 1 ) .  The n um ber  o f  a d d i t i o n a l  c r o w n  r o o t s  

v a r i e s  a c c o r d i n g  t o  t h e  s e v e r i t y  o f  t h e  a t t a c k .  The more 

s e v e r e  t h e  a t t a c k ,  t h e  more  c r o w n  r o o t s  w h i c h  d e v e l o p .  

T h u s ,  r a t i n g  t h e  e n t i r e  r o o t  s y s t e m  m i g h t  n o t  be an  

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

young p l a n t s .

Othe r  e f f e c t s  Got  ha s  on t h e  p l a n t  a r e  depen de n t  on 

t h e  s e v e r i t y  o f  t h e  i n f e c t i o n .  W i t h  s e v e r e  i n f e c t i o n s ,  

y i e l d ,  t i l l e r i n g ,  1000  k e r n e l  w e i g h t  and  t h e  number  o f  

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

(Cunningham e t  a l , 1 9 6 8 ;  P o l l e y  and C la rk son^ l980?  Manners 

and  M y e r s , 1 9 8 1 ) .  G s t  h y p h a e  a r e  known t o  i n v a d e  and  

d i s r u p t  t h e  p h l o e m . T h i s  c a u s e s  a r e d u c t i o n  a n d  

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

r o o t  a p i c a l  m e r i s t e m s  and t o  t h e  s h o o t s .  Roo t s  no l o n g e r  

e l o n g a t e  a n d  l e s i o n s  d e v e l o p  i n  r e s p o n s e  t o  i n v a s i o n  o f
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t h e  t i s s u e .  Damage s e e m s  t o  be r e l a t e d  t o  t h e  r a t e  and  

f r e q u e n c y  a t  w h i c h  t h e  l e s i o n s  d e v e l o p  ( C l a r k s o n  e t  

a l , 1 9 7 5 ) . E x t e n s i v e  p l u g g i n g  o f  xy l em v e s s e l s  d o e s  n o t  

o c c u r  b e f o r e  i o n  u p t a k e  and  t r a n s l o c a t i o n  c e a s e s  t o  t h e  

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

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

These  p h y s i o l o g i c a l  e f f e c t s  on a p l a n t  i n f e c t e d  w i t h  Gat  

a c c o u n t  f o r  t h e  symptoms o b s e r v e d  i n  t h e  f i e l d .
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Chap te r  5

C o n t r o l  o f  Take—a l l  w i t h  F e r t i l i z e r s
J

INTRODUCTION

S t u d i e s  c o n c e r n i n g  t a k e - a l l  i n  I d a h o  (Huber  e t  

a l . , 1 9 6 8 ;  Hu be r , 1972) ,  Wash ing ton  (Smi ley  and Cook,1973) 

and  Ore gon  ( C h r i s t e n s e n  e t  a l . , 1 9 8 1 )  h a v e  r e s u l t e d  i n  

t a k e - a l l  c o n t r o l  r e c o m m e n d a t i o n s  u t i l i z i n g  n i t r o g e n  

and/or-  c h l o r i d e  f e r t i l i z e r s .  Acco rd in g  t o  t h e i r  r e s e a r c h  

w i t h  n i t r o g e n  f e r t i l i z e r s ,  i t  i s  t h e  f o r m  o f  n i t r o g e n  

(ammonium v e r s u s  n i t r a t e )  w h i c h  a f f e c t s  t h e  d i s e a s e  

s e v e r i t y .  Ammonium ba sed  f e r t i l i z e r s ,  such a s  ammonium 

s u l f a t e  and ammonium p h o s p h a t e ,  l o w e r  t h e  r h i z d s p h e r e  pH 

(PHr ) ( S m i l e y  a nd  C o o k , 1 9 7 3 ) .  T h i s  h a s  a t . l e a s t  t h r e e  

e f f e c t s  on t h e  d i s e a s e .

One e f f e c t  may be t h e  d i r e c t  i n h i b i t i o n  o f  t h e  

f u n g u s  a t  a pHr  o f  l e s s  t h a n  5.0 ( S m i l e y  a n d  C o o k , 1 97 3 ) .  

S e c o n d l y ,  a l o w e r e d  pHr  may  i n f l u e n c e  t h e  r o o t  

r h i z o s p h e r e  m i c r o f l o r a  s u c h  t h a t  Ggt  i s  s u b j e c t e d  t o  

i n c r e a s e d  a n t a g o n i s m  ( Sm i l ey ,1 978 a ;1 97 8b ;1 97 9 ) . A t h i r d

e f f e c t  may be t h e  i n f l u e n c e  o f  pH on p l a n t  n u t r i e n t s
/

(Cook,1981b) . C e r t a i n  p l a n t  n u t r i e n t s  a r e  l e s s  a v a i l a b l e
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i n  a l k a l i n e  t h a n  i n  a c i d  s o i l s .  I n  g e n e r a l , p h o s p h o r u s  

i n  t h e  s o i l  i s  m o s t  a v a i l a b l e  a t  a pH o f  6 . 5 .  N u t r i e n t  

d e f i c i e n c e s  o f  p ho sp h o ru s ,  z i n c  o r  copper  do i n c r e a s e  t h e  

s e v e r i t y  o f  t a k e - a l l  ( R e i s  e t  a l . , 1 9 8 2 ) .  . Ammonium 

f e r t i l i z e r s  a r e  a l s o  n o t  e f f e c t e d  by d e n i t r i f i c a t i o n  o r  

l e a c h i n g  a s  a r e  n i t r a t e  f e r t i l i z e r s .  These two p r o c e s s e s  

a r e  m o s t  common u n d e r  h i g h  m o i s t u r e  c o n d i t i o n s ,  t h e  

r e s u l t  o f  wh ich  can be a c ro p  w i t h  a n i t r o g e n  d e f i c i e n c y  

w h i c h  m a k e s  i t  m o r e  s u s c e p t i b l e  t o  t a k e - a l l  

( H u b e r , 1 9 8 1 b ) . . ' .

W i t h  c h l o r i d e  c o n t a i n i n g  f e r t i l i z e r s ,  i t  i s  t h e  

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

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

p r op o se d  t o  o c c u r  v i a  t h r e e  p o s s i b l e  mechan i sms .  One i s  

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

r o o t s  which  i n  t u r n  r e d u c e s  t h e  c o l o n i z a t i o n  o f  t h e  r o o t s  

by Ggt  o r  r e d u c e s  t h e  h o s t  s u s c e p t i b i l i t y  ( C h r i s t e n s e n  e t  

a l . , 1 9 8 1 ) .  T h i s  c o u l d  be a c c o m p l i s h e d  by c h a n g i n g  t h e  

q u a n t i t y  o r  n a t u r e  o f  r o o t  e x u d a t e s .

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

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

a n t a g on i s m  t o w a r d  Ggt  by t h e  r o o t  m i c r o f l o r a .  Ha ls ey  and 

Powel son  (1981) i n d i c a t e d  t h a t  t h e  number o f  f l u o r e s c e n t
I

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

c h l o r i d e  an d  p o t a s s i u m  c h l o r i d e .  The t h i r d  p r o p o s e d
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m e c h a n i s m  o f  d i s e a s e  s u p p r e s s i o n  by t h e  c h l o r i d e  i o n  

i n v o l v e s  i n h i b i t i o n  o f  n i t r a t e  up t a ke  by c o n t r o l l i n g  t h e  

form of  n i t r o g e n  a b so r b e d  by t h e  p l a n t  (Huber ,1981b) .

A pu r p o se  o f  my r e s e a r c h  c o n c e r n i n g  t a k e - a l l  d i s e a s e  

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

d e t e r m i n e  i f  t h e  r e s u l t s  o b s e r v e d  i n  Wash ing ton ,  Oregon 

an d  I d a h o  c o u l d  be d u p l i c a t e d  i n  Mon tana  u n d e r  n a t u r a l  

f i e l d  c o n d i t i o n s  w i t h  s p r i n g  whea t .  Only one f i e l d  s t u d y  

i n  t h e  USA h a s  b e e n  c o m p l e t e d  w i t h  s p r i n g  w h e a t  

( H u b e r , 1972)  and  i t  o n l y  c o m p a r e d  s p r i n g  v e r s u s  f a l l  

a p p l i c a t i o n  o f  ammonium s u l f a t e  f e r t i l i z e r .  The o t h e r  

f i e l d  work ha s  a l l  been  done w i t h  w i n t e r  w h e a t ,  a l t h o u g h  

t h e  g r e e n h o u s e  w or k  c o n d u c t e d  by S m i l e y  an d  Cook (1973) 

u t i l i z e d  s p r i n g  w h e a t .  Work h a s  be en  done  i n  Eu r ope  

( S h i p t o n , 1 9 7 2b ;  H or nb y  and  B r o w n , 1977)  a n d  A u s t r a l i a  

(MacNish,1980)  c o n c e r n i n g  c o n t r o l  o f  t a k e - a l l  i n  s p r i n g  

w h e a t  w i t h  n i t r o g e n  f e r t i l i z e r s  b u t  I  f e l t  a b e t t e r  

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

s t u d i e s  o f  t h e  P a c i f i c  N or t hw e s t .

MATERIALS AND METHODS

An e x p e r i m e n t  was  e s t a b l i s h e d  i n  1981 a t  a s i t e  

under  c e n t e r  p i v o t  i r r i g a t i o n  l o c a t e d  t h r e e  m i l e s  w es t  of  

Va l i e r ,MT.  (SE1/4S33 and SW1/4S34, T19N, R2E). Su nb u r s t  

c l a y  and pend roy  c l a y . s o i l s  a r e  common i n  t h e  i mm ed ia t e  

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

I
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montmo r i l l o n i t i c  ( c a l c a r e o u s ) , f r i g i d  f a m i l y  o f  U s t i c  

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

v e r y  f i n e  m o n t m o r i l l o n i t i c  ( c a l c a r e o u s ) , f r i g i d  f a m i l y  of  

U s t e r t i c  T o r r i o r t h e n t s  ( S o i l  S u r v e y  o f  G l a c i e r  Coun ty  

A r e a  and  P a r t  o f  P o n d e r a  C o u n t y  M o n t a n a ) .  The f i e l d  

c r o p p i n g  h i s t o r y  w a s :  1 9 8 0 = s p r i n g  w h e a t ?  1 9 7 9 = s p r i n g

w he a t ;  1978=bar ley?  1977=dry l and  g r a i n / f a l l o w  r o t a t i o n .

S o i l  s a m p l e s  w e r e  t a k e n  b e f o r e  p l a n t i n g  o f  t h e  0.6 

ha  e x p e r i m e n t a l  a r e a  u s i n g  a K ing  t u b e .  S o i l  d e p t h  

i n c r e m e n t s  s a m p l e d  w e r e  0 - 1 5  cm, 0 - 3  0 cm, 3 0 - 6 0  cm and  

6 0 - 1 2 0  cm. S o i l  a n a l y s i s  was  c o n d u c t e d  by t h e  Montana  

S t a t e  U n i v e r s i t y  S o i l  T e s t i n g  L a b o r a t o r y ,  Bozeman ,  MT. 

(Kre sge ,19 80 ) . The pH was 7.4 and t h e  o r g a n i c  m a t t e r  was 

2.1%. There  we re  253 kg /ha  of  n i t r a t e  n i t r o g e n  p r e s e n t  i n  

t h e  t o p  122 cm o f  s o i l .  I n  t h e  t o p  15 cm t h e r e  w e r e  8 . 

ppm ph o sp ho r us  (Olsen method)  and 315 ppm p o t a s s i u m .

An a i r  s e e d e r  was  u s e d  t o  a p p l y  33 k g / h a  K2 O and  67 

k g / h a  P2 Og a t  a d e p t h  o f  1 0 - 1 5  cm. Wampum s p r i n g  w h e a t  

was p l a n t e d  23 A p r i l  1981 a t  a s e e d i n g  r a t e  o f  122 kg /ha  

w i t h  a row s p a c i n g  o f  15 cm a t  a d e p t h  o f  6 cm. A 

Ha y bu s t e r  n o - t i l l  do ub l e  d i s c  d r i l l  was used  f o r  s eed in g .  

The s e e d  was  t r e a t e d  w i t h  125 g Agsco  DB G r e e n  (50% maneb 

a n d  18 .75% l i n d a n e )  p e r  I  kg  o f  w h e a t  s e e d .  The 

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

t h e  s e e d i n g  were  done by t h e  farm s i t e  c o o p e r a t o r .
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The n i t r o g e n  a nd  c h l o r i d e  f e r t i l i z e r s  w e r e  h a n d  

b r o a d c a s t  26 A p r i l  1981 u s i n g  a s p l i t  p l o t  e x p e r i m e n t a l  

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

m a i n  p l o t s  (7.3 m by 12 .2  m) a nd  c h l o r i d e  t r e a t m e n t s  a s  

s u b p l o t s  (3.1 m by 12 .2  m) . The n i t r o g e n  f e r t i l i z e r  

t r e a t m e n t s  a r e  l i s t e d  i n  T a b l e  13.  A no n i t r o g e n  c h e c k  

was i n c l u d e d  a l s o .  A l l  n i t r o g e n  t r e a t m e n t s  were  a p p l i e d  

a t  111 k g / h a  n i t r o g e n .  The ammonium c h l o r i d e  was  n o t  

a p p l i e d  u n t i l  May 13 due  t o  i t s  u n a v a i l a b i l i t y  on 26 

A p r i l .  H o w ev e r ,  t h e  d e l a y e d  a p p l i c a t i o n  ha d  m i n i m a l ,  

e f f e c t  on t h e  e x p e r i m e n t  a s  t h e  w e a t h e r  p r e v i o u s  t o  t h i s  

had  b e e n  c o o l  an d  m o i s t .  At  t h e  t i m e  o f  t h e  ammonium 

c h l o r i d e  a p p l i c a t i o n ,  t h e  c r o p  ha d  n o t  e m e r g e d .  The 

c h l o r i d e  f e r t i l i z e r  t r e a t m e n t s  w e r e  hand  b r o a d c a s t  a t  

t h r e e  d i f f e r e n t  r a t e s  (56 ,  139 a nd  222 k g / h a  c h l o r i d e )  

u s i n g  p o t a s s i u m  c h l o r i d e  (47% c h l o r i d e ) .  W i t h i n  two days ,  

t h e  p l o t s  w e r e  s p r i n k l e r  i r r i g a t e d  w i t h  2 cm w a t e r  t o  

i n c o r p o r a t e  t h e  f e r t i l i z e r s .

Ta b l e  13.  N i t r o g e n  f e r t i l i z e r s  u s e d  i n  1981  f o r  t h e  
c o n t r o l  o f  t a k e - a l l .

N i t r o g e n  F e r t i l i z e r Chemical  Formula % N

Ammonium c h l o r i d e NH4 Cl 28
Ammonium s u l f a t e ( 4 ) 2SO4 21
Monoammonium p h o s p h a t e NH4Ho PO4 11
Ammonium n i t r a t e NH4NO3 34
Urea CO(NH2 ) 2 45
Calc ium n i t r a t e Ca (NO3 ) 2 15
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A u r e a  a nd  ammonium n i t r a t e  l i q u i d  f e r t i l i z e r  

m i x t u r e  was a p p l i e d  t w i c e  t h r o u g h  t h e  i r r i g a t i o n  sy s t em 

t o  t h e  e n t i r e  e x p e r i m e n t  a t  g r o w t h  s t a g e s  23 and  43 

(Z adoks  e t  a l . , 1 9 7 4 )  t o  add  an  a d d i t i o n a l  6 9 .k g / h a  o f  

n i t r o g e n .  The t o t a l  Jnoi1S t u r e  ( s t o r e d  s o i l  m o i s t u r e /  

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

c r o p  s e a s o n  was  54 cm. H o e l o n  w i l d  o a t  h e r b i c i d e  was 

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

r e c o m m e n d e d  r a t e  by t h e  f a r m  s i t e  c o o p e r a t o r  on 28 May 

1981  u s i n g  a p i c k u p  t r u c k  s p r a y e r .  No h e r b i c i d e  damage  

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

w e e k ,  t h e  p l o t s  w e r e  a g a i n . s p r a y e d  w i t h  H o e l o n  a t  t h e  

recommended r a t e  by an a e r i a l  a p p l i c a t o r .  T h i s  o c c u r r e d  

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

g r o u n d  v e h i c l e  due  t o  a r a i n  an d  snow s t o r m  w h i c h  t o o k  

p l a c e  s h o r t l y  a f t e r  t h e  f i r s t  a p p l i c a t i o n  o f  Ho e lo n .  

A l though  t h e  g rowth  p r e s e n t  i m m e d i a t e l y  a f t e r  t h e  second 

s p r a y i n g  was d i s c o l o r e d  and p r o s t r a t e ,  t h e  new g ro wth  d i d  

n o t  show any  i l l  e f f e c t s .  B r o m o x y n i l  h e r b i c i d e  was  

a p p l i e d  f o r  t h e  c o n t r o l  o f  b r o a d l e a f  w e e d s  on 25 J u n e  

1981.

The r h i z o s p h e r e  pH (pHr ) s o i l  s amp le s  we re  c o l l e c t e d  

20 June  (growth s t a g e  41) and 2 Sept ember  t o  9 September,  

( h a r v e s t ) . S a m p l e s  w e r e  c o l l e c t e d  f ro m  t h e  f i r s t  f o u r  

r e p l i c a t i o n s  by p u l l i n g  a p p r o x i m a t e l y  20 p l a n t s  f rom t h e
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o u t s i d e  r o w s  p e r  p l o t  and  s h a k i n g  o f f  e x c e s s  b u l k  s o i l .  

R h i z o s p h e r e  s o i l ,  s o i l  a d h e r e i n g  t o  t h e  r o o t s , ■ was  

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

coo l  u n t i l  f r o z e n  w i t h i n  4 h o u r s .  These s o i l s  were  l a t e r  

d r i e d ,  g r o u n d ,  b u l k e d  and  a n a l y z e d  f o r  pH, n i t r a t e  

c o n t e n t  and ammonium c o n t e n t .  . The pH was d e t e r m i n e d  by 

e l e c t r o d e  u s i n g  t h e  s a t u r a t e d  p a s t e  method.  N i t r a t e  and 

ammonium c o n t e n t  w e r e  a n a l y z e d  by t h e  MSU S o i l  T e s t i n g  

L a b o r a t o r y  u s i n g  t h e  c h r o m o t r o p i c  a c i d  method (Sims and 

J a c k s o n , 1971)  an d  t h e  B e r t h e l o t  r e a c t i o n  (U.S. Dept .  

I n t e r i o r , 1969) r e s p e c t i v e l y .

To d e t e r m i n e  d i s e a s e ,  s e v e r i t y ,  s u b - c r o w n . i n t e r n o d e  

(SCI) r a t i n g s  we re  d e t e r m i n e d  f o r  a l l  f i v e  r e p l i c a t i o n s  

u s i n g  t h e  p r o c e d u r e  o u t l i n e d  i n  Chap t e r  4.. A p p r o x i m a t e l y  

20 p l a n t s  pe r  p l o t  were, p u l l e d  f rom t h e  o u t s i d e  rows and 

r a t e d  8 J u l y  ( g r o w t h  s t a g e  50) and  2 S e p t e m b e r  t o  9 

Sep t embe r  ( h a r v e s t ) .  The p l a n t s  were  s t o r e d  d r y  i n  paper  

b a g s  u n t i l  r a t e d .  An a r e a  o f  1 . 5  m by 6*7 m w a s  

h a r v e s t e d  2 Sep t embe r  a t  g ro wth  s t a g e  91 w i t h  a Hege p l o t  

combine.  Y i e l d ,  t e s t  w e i g h t  and 1000 k e r n e l  w e i g h t  were  

d e t e r m i n e d  f o r  e ach  p l o t .

RESULTS

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

a v e r a g e d  ove r  t h e  n i t r o g e n  t r e a t m e n t s ,  a r e  g i v e n  i n  Tab l e  

1 4 .  T h e r e  w e r e  no  o b s e r v a b l e  d i f f e r e n c e s  o r
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s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  

c h l o r i d e  r a t e s  f o r  any of  t h e  mea su r ed  v a r i a b l e s .  There  

w e r e  a l s o  no s i g n i f i c a n t  d i f f e r e n c e s  f o r  i n t e r a c t i o n s  

be tween  n i t r o g e n  and c h l o r i d e  t r e a t m e n t s  f o r  any Of t h e  

v a r i a b l e s  measu red .

Tab l e  14 .  E f f e c t  o f  d i f f e r e n t  r a t e s  o f  c h l o r i d e  
on Wampum s p r i n g  w h e a t  g r a i n  y i e l d ,  
t e s t  w e i g h t ,  1000 k e r n e l  w e i g h t  (TKW) and  
s u b - c r o w n  i n t e r n o d e  (SCI) mean . d i s e a s e  
r a t i n g  (MDR) o f  t a k e - a l l  m e a s u r e d  on two  
d i f f e r e n t  d a t e s ,  i n  1981.

Ra te^ Y i e ld T e s t  Wgt . TKW SCI MDR2

kg /ha q / h a kg/ 1 9 . J u l y September

0 29 .6  a 3 0 .70  a 33 .7 a 2 . 0  a 2 .3  a
56 29 .6  a 0 .70  a 33 .8 a 2 . 1  a 2 . 5  a

139 29 .9  a . 0 . 70  a 3 3 .6 a 2 . 2  a 2 . 5  a
222 28 .7  a 0 .70  a 32 .6 a 2 . 1  a 2 .4  a

LSD 2 .7 0 . 01 1 . 2 0 . 2 0 . 2

1 R a t e s  a r e  f o r  c h l o r i d e  a p p l i e d ,  a s  p o t a s s i u m  c h l o r i d e .
2 R a t i n g  s c a l e :  l = c l e a n ;  2 = s l i g h t ;  3 =m o d e ra t e ; 4 =s eve re .
3 T hos e  v a l u e s  f o l l o w e d  by t h e  same l e t t e r  a r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  a t  p=.05 u t i l i z i n g  t h e  Duncan' s  
M u l t i p l e  Range T e s t  and t h e  LSD v a l u e  i n d i c a t e d .

With  t h e  n i t r o g e n  f e r t i l i z e r  t r e a t m e n t s ,  d i f f e r e n c e s  

we re  o b s e r v e d  b o t h  v i s u a l l y  and s t a t i s t i c a l l y  (Table  15).  

P l o t s  t r e a t e d  w i t h  ammonium p h o s p h a t e  c o u l d  be e a s i l y  

d i s c e r n e d  a s  t h e  p l a n t s  w e r e  t a l l e r  and  d a r k e r  g r e e n  

t h r o u g h  t h e  e n t i r e  e x p e r i m e n t .  Ammonium p h o sp h a t e  p roved  

t o  p r o v i d e  t h e  m o s t  c o n s i s t e n t  r e s p o n s e s .  I t  p r o d u c e d



t h e  h i g h e s t  y i e l d  and  1000  k e r n e l  w e i g h t  a nd  t h e  s e c o n d  

h i g h e s t  t e s t  w e i g h t .  The ammonium s u l f a t e ,  ammonium 

n i t r a t e ,  u r e a  an d  c a l c i u m  n i t r a t e  t r e a t m e n t s  w e r e  a l l  

a b o u t  e qu a l  i n  t e r m s  of  a l l  o f  t h e  r e s p o n s e s  measured .
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Tab l e  15 .  E f f e c t  o f  d i f f e r e n t  f o r m s  o f  n i t r o g e n  
f e r t i l i z e r  a n d  no  n i t r o g e n  on  Wampum 
s p r i n g  w h e a t  g r a i n  y i e l d ,  t e s t  w e i g h t ,  
1000 k e r n e l  w e i g h t  (TKW) an d  s u b - c r o w n  
i n t e r n o d e  (SCI) mean d i s e a s e  r a t i n g  (MDR) 
o f  t a k e - a l l  m e a s u r e d  on tw o  d i f f e r e n t  
d a t e s  i n  1981.

N Form-*- Y i e l d T e s t  Wgt , TKW . SCI MDR2

■ q / h a  . kg/ 1 9 J u l y September

(NH4 ) 2 SO4 30 .3  a b 3 0 .71  a 34 .2 ab 2 . 3  b 2 . 4  a
35 .1  a 
2 4 . 6  b

0 .70  a 
0 . 70  a

34 .6
33 .3

a
ab

2 . 0  ab 
1 . 9  a

2 .3  a
2 .3  a

NHaNO1 29 . 2  ab 0 .70  a 33 . 9 ab 2 . 1  ab 2 .4  aUrea 3 1 . 2  ab 0 .70  a 33 . 7 ab 2 . 0  ab 2 . 6  a
CaNO3 31 .3  ab 0 .71  a 33 .1 b 2 . 2  ab 2 .5  aNo N 2 4 . 4  b 0 . 68  c 3 1 .1 C 2 . 0  ab 2 .3  a

LSD 6 . 5 0 . 02 1 . 3 0 .3 0.3

I  N i t r o g e n  was a p p l i e d  a t  t h e  r a t e o f  .111 k g / h a .
2 R a t i n g s c a l e :  1=c l e a n ;  2==Sl ig h t ;  3=:m o d e r a t e ; 4 = s e v e r e .
3 Th ose v a l u e s  f o l l o w e d  fc>y t h e same l e t t e r a r e  n o t

s i g n i f i c a n t l y  d i f f e r e n t  at: p= .05 u t i l i z i n g  t h e Duncan' s
m u l t i p l e  r an g e  t e s t  and t h e  LSD v a l u e  i n d i c a t e d .

As a n t i c i p a t e d ,  t h e  check t r e a t m e n t  w i t h  no n i t r o g e n  

f e r t i l i z e r  a d d e d  ha d  t h e  l o w e s t  y i e l d ,  t e s t  w e i g h t  and  

1000 k e r n e l  w e i g h t .  I n t e r e s t i n g l y ,  t hough ,  t h e  J u l y  and 

S e p t e m b e r  SCI r a t i n g s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

( p=.05)  f r o m  t h e  SCI r a t i n g s  o f  t h e  o t h e r  t r e a t m e n t s .
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The SCI d i s e a s e  r a t i n g s  a r e  t h e  m o s t  p e r p l e x i n g  

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

d i s e a s e  r a t i n g  wa s  2.4 p l a c i n g  i t  m idway  b e t w e e n  t h e  

s l i g h t  and  m o d e r a t e  s e v e r i t y  c a t e g o r y ,  b u t ,  t h e  y i e l d s  

and 1000 k e r n e l  w e i g h t s  r e f l e c t  a s e v e r e  SCI r a t i n g  o f  3 

o r  4.  I n  t h i s  same  f i e l d  i n  1 9 8 0 ,  m o s t  s p r i n g  w h e a t  

p l a n t s  w e r e  r a t e d  i n  t h e  s e v e r e  c a t e g r o r y  a nd  had  l ow  

y i e l d  a nd  1000  k e r n e l  w e i g h t  r e s p o n s e s .  T h i s  was  a l s o  

o b s e r v e d  i n  1981 i n  a s p r i n g  wheat  f i e l d  a d j a c e n t  t o  t h e  

f i e l d  l o c a t i o n  o f  t h e  e x p e r i m e n t a l  p l o t s .  I t  would seem 

t h a t  t h e  SCI r a t i n g s  c o r r e l a t e  w i t h  1000 k e r n e l  w e i g h t  

v a l u e s  i n . f i e l d  p o p u l a t i o n s  b u t  n o t  i n  s m a l l  p l o t  

p o p u l a t i o n s .

The  r h i z o s p h e r e  s o i l  pH,  n i t r a t e  c o n t e n t  a n d  

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

t r e a t m e n t s  a r e  s u m m a r i z e d  i n  T a b l e  16.  T h e r e  a r e  no 

a p p a r e n t  d i f f e r e n c e s  be tween  n i t r o g e n  t r e a t m e n t s  f o r  pHr . 

I n  g e n e r a l ,  t h e  pHr  had d e c r e a s e d  s l i g h t l y  by t h e  end of  

t h e  g rowing  s e a s on .  The ammonium p h o sp ha t e  t r e a t m e n t  was 

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

Al though  t h e r e  we re  d i f f e r e n c e s  i n  n i t r a t e  and ammonium 

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

n i t r a t e  t o  ammonium r a t i o s  f o r  e a c h  d a t e  w e r e  q u i t e

s i m i l a r .
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Tab le  16.  E f f e c t  o f  d i f f e r e n t  f o r m s  o f  n i t r o g e n  
f e r t i l i z e r  a nd  no n i t r o g e n  on s p r i n g  w h e a t  
r h i z o s p h e r e  s o i l  pH, n i t r a t e  c o n t e n t  a n d  
ammonium c o n t e n t  on two  d i f f e r e n t  d a t e s  i n  
1981.

N Form pH N i t r a t e (ppm) Ammonium (ppm)

June S e p t . J u n e S e p t . J  une S e p t .

(NH4 ) 9SO4 7 . 8 7 .6 16 .5 8.0 8 . 0 3 .1
NH4H9PO4 7 . 6 7 . 8 17 .8 10 . 2 10 . 2 5 .8
NH4 Cl ' 7 . 8 7 .6 29 .0 9 . 8 12 .4 4 .7
NH4NO1 7 . 8 7 . 6 19 .5 9 . 5 6 . 8 3 . 7
Urea 7 . 8 7 . 5 22 . 0 8 . 2 9 . 1 4 . 5
CaNO3 7 . 9 7 . 8  . 16 .0 8 . 2 6 . 9 3 . 5
No N 7 . 8 7 . 8 13 .3 6 . 8 8 .7 2 . 8

Average 7 . 8 7 . 7 19 .2 8 .7

CO 4 .0

DISCUSSION

N e i t h e r  t h e  g r a i n  y i e l d  p a r a m e t e r s  n o r  t h e  SCI 

d i s e a s e  r a t i n g s  w e r e  s t a t i s t i c a l l y . a l t e r e d  by t h e  

a d d i t i o n  o f  c h l o r i d e  t o  t h e  s o i l .  Based on t h e  r e s e a r c h  

and  r e c o m m e n d a t i o n s  o f  J a c k s o n  e t  a l .  ( 1 9 8 0 ) ,  t h e  m o s t  

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

b r o a d c a s t  o v e r  t h e  s o i l  an d  n o t  b a n d e d  w i t h  t h e  s e e d  a t  

p l a n t i n g .  I n  t h e i r  r e p o r t  t h e y  i n d i c a t e d  t h a t  4 y e a r s  of  

f i e l d  e x p e r i m e n t s  sh ow ed  a r e d u c t i o n  i n  t a k e - a l l  when 

c h l o r i d e  was banded w i t h  t h e  seed .

In an a t t e m p t  t o  r e p e a t  t h e i r  r e s u l t s ,  a f i e l d  t r i a l  

was  • p l a n t e d  a t  t h e  A.H. P o s t  A g r i c u l t u r a l  R e s e a r c h  

S t a t i o n  n e a r  Bozeman ,  MT. i n  May 1982.  S p r i n g  w h e a t  

p l u s  o a t  k e r n e l  i n o c u l u m  o f  Q g t  was  p l a n t e d .  P o t a s s i u m

\
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c h l o r i d e  a t  t h e  f o u r . c h l o r i d e  r a t e s  u s e d  i n  1981 was

b a n d e d  one  i n c h  a b o v e  t h e  s e e d .  The Ggjt i n o c u l u m  l e v e l
? ■ ■ ' -

was  so  h i g h ,  h o w e v e r ,  t h a t  t h e  p l a n t s  c e a s e d  t o  grow 

a p r o x i m a t e l y  30 days  a f t e r  emergence .  V i s u a l  d i f f e r e n c e s  

c o u ld  be o b s e r v e d ,  t hough ,  d u r i n g  t h e  f i r s t  two o r  t h r e e  

w e e k s .  P l a n t s  i n  t h o s e  p l o t s  w i t h  c h l o r i d e  b a n d e d  w i t h  

t h e  s e e d  w e r e  a d a r k e r  g r e e n  t h a n  p l a n t s  i n  t h e  c he c k  

w i t h o u t  c h l o r i d e .  The p l o t s  w i t h  222 kg /h a  c h l o r i d e  had 

p l a n t s  w i t h  t h e  b e s t  a p p ea ra n c e .

I t  sh o u l d  be n o t e d ,  howeve r ,  t h a t  C h r i s t e n s e n  e t  a l .  

(1981)  w e r e  a b l e  t o  o b t a i n  a s i g n i f i c a n t  i n c r e a s e  i n  

y i e l d  and  k e r n e l  w e i g h t  by t o p d r e s s i n g  p l o t s  w i t h  101 

kg / h a  c h l o r i d e  i n  t h e  s p r i n g .  T h e i r  e x p e r i m e n t  and t h o s e  

c o n d u c t e d  by J a c k s o n  e t  a l .  (1980)  w e r e  done  on w i n t e r  

w h e a t  i n  t h e  W i l l a m e t t e  V a l l e y  o f  w e s t e r n  O r e g o n  w h e r e  

t h e  s o i l  pH a v e r a g e s  be low 6.0.  These  two f a c t o r s ,  s o i l  

pH. and c r o p  t y p e ,  c o u ld  a l s o  a c c o u n t  f o r  t h e  d e v i a t i o n  of  

my r e s u l t s  f rom t h e i r s *  A d d i t i o n a l  e x p e r i m e n t s  sh o u l d  be 

co n d u c t ed  t o  d e t e r m i n e  i f  c h l o r i d e  w i l l  r edu ce  t a k e - a l l  

i n  Mon tana .  The e x p e r i m e n t s  s h o u l d  be d e s i g n e d  t o  

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

r a t e s  and  t o  c o m p a r e  r a t e  c o m b i n a t i o n s  o f  b a n d i n g  and  

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

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

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

i n c r e a s e d  t h e  y i e l d  p a r a m e t e r s ;  The e x t r a  phosph o ru s  was 

o b t a i n e d  by t h e  use  of  ammonium ph o sp h a t e .  A p p r o x i m a t e l y  

212 kg /h a  e x t r a  ph osp ho ru s  was added  t o  t h e s e  p l o t s  when 

111 k g / h a  n i t r o g e n  was added a s  monoammonium p ho sph a t e .  

The r e s p o n s e s  o b s e r v e d  h e r e  do a g r e e  w i t h  t h o s e  i n  t h e  

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

when a d e q u a t e  n i t r o g e n  i s  p r e s e n t  (S tumbo e t  a l . , 1 9 4 2 ?  

Sy m e ,1 9 66 ;  H u b e r , 1 9 8 1 b ) . T h i s  s i t u a t i o n  e n h a n c e s  r o o t  

g r o w t h  an d  t h u s  i n c r e a s e s  t h e  w h e a t  p l a n t ' s  a b i l i t y  t o  

e s c a p e  t h e  d i s e a s e .  The p l a n t  d o e s  n o t  become  more  

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

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

f un gu s  can i n f e c t  them (Huber ,1981b) .

P h o s p h o r u s  may ha v e  a n o t h e r  e f f e c t  on t a k e - a l l  

s e v e r i t y .  Graham and  Menge (1982)  s t a t e d  t h a t  t h e  

d e c r e a s e  i n  d i s e a s e  s e v e r i t y  a s s o c i a t e d  w i t h  phospho rus  

was  n o t  due  t o  an  i n c r e a s e  i n  r o o t  g r o w t h  b u t  r a t h e r  t o  

i m p r o v e d  r o o t  p h o s p h o r u s  s t a t u s  and  d e c r e a s e d  r o o t  

e x u d a t i o n .  T h i s  r e d u c e d  pa th o g e n  a c t i v i t y .  I t  h a s  been 

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

r e s p o n s e  t o  w h e a t  r o o t s  o r  t h e i r  e x u d a t e s  (Pope and  

J a c k s o n , 1973) .  Phospho rus  ha s  a l s o  been shown t o  r educe  

d i s e a s e  s e v e r i t y  o f  d r y l a n d  common r o o t  r o t  by i n h i b i t i n g
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t h e  r a t e  o f  l e g i o n  d e v e l o p m e n t  on t h e  SCI (Verma e t  

a l . , 1 9 7 5 ) . Pe rh aps  t h i s  i s  a l s o  t r u e  f o r  t a k e - a l l .

The r e s u l t s  f rom my n i t r o g e n  f e r t i l i t y  t r e a t m e n t s  do 

n o t  i n d i c a t e  t h a t  e i t h e r  ammonium o r  n i t r a t e  b a s e d  

f e r t i l i z e r  would d e c r e a s e  t a k e - a l l  s e v e r i t y  i n  Montana.  

S m i l e y  and  Cook (1973)  and  S m i l e y  (1974)  f o u n d  a h i g h  

c o r r e l a t i o n  e x i s t e d  b e t w e e n  pHr and  t a k e - a l l  d i s e a s e  

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

v a r i e t y  o f  s o i l s  w i t h  pH v a l u e s  r a n g i n g  f r o m  5.5 t o  8 .0 .  

The pHr  was  s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  f o rm  o f  

n i t r o g e n .  I n  t h e  f i e l d  e x p e r i m e n t  c o n d u c t e d  by S m i l e y  

and  Cook ( 1 9 7 3 ) ,  ammonium s u l f a t e  w i t h  N - S e r v e  24 (a 

n i t r i f i c a t i o n  i n h i b i t o r )  d e c r e a s e d  t h e  pHr when compared 

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

r e m a i n  t h e  same .  They  g a v e  no y i e l d  r e s u l t s  f o r . t h i s  

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

d i s e a s e  s e v e r i t y  due  t o  t h e  ammonium s u l f a t e ,  w o u l d  

i n c r e a s e  t h e  y i e l d  o v e r  t h e  no n i t r o g e n  arid c a l c i u m  

n i t r a t e  t r e a t m e n t s .  T h e i r  f i e l d  e x p e r i m e n t  was conduc t ed  

w i t h  w i n t e r  whea t .  The pHr d i f f e r e n c e  be tween  ammonium 

s u l f a t e  w i t h  N-Serve  24 and c a l c i u m  n i t r a t e  t r e a t e d  s o i l s  

s h o r t l y  a f t e r  p l a n t i n g  w a s  1 . 2  b u t  i n  A p r i l  t h e  

d i f f e r e n c e  was  o n l y  0.5 ( S m i l e y  an d  C o o k ,1 9 7 3 ) .  T h i s  

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

s e v e r i t y  i n  a f i e l d  o f  w i n t e r  whea t  b u t  n o t  n e c e s s a r i l y



75

o f  s p r i n g  whea t .  The ammonium form w i l l  r em a in  p r e v a l e n t  

i n  s o i l s  w h i c h  a r e  c o o l  and  t r e a t e d  w i t h  N - S e r v e  24.  

Thus f o r  a 4 t o  5 month p e r i o d ,  t h e  ammonium w i l l  be t h e  

do m ina n t  form i n  t h e  ammonium s u l f a t e  t r e a t e d  p l o t s  bu t  

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

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

ammonium s u l f a t e  p l o t s .  H o w e v e r , t h e  p r a c t i c a l  a s p e c t s  

w e r e  n e v e r  d e t e r m i n e d  s i n c e  no y i e l d  p a r a m e t e r s  w e r e  

9 i v en  and i t  i s  n o t  known how w e l l  t h e i r  d i s e a s e  s e v e r i t y  

r a t i n g s  would  c o r r e l a t e  w i t h  t h e  y i e l d .

The e x p e r i m e n t  c o n d u c t e d  by Huber  e t  a l .  (1968)  i s  

e q u a l l y  a s  i n t e r e s t i n g  when i t  i s  examined  c l o s e l y .  They 

a l s o  u s e d  w i n t e r  w h e a t  b u t  d i d  n o t  b r o a d c a s t  t h e  two 

f e r t i l i z e r s ,  ammonium s u l f a t e  and ammonium n i t r a t e ,  u n t i l  

l a t e  March .  T h i s  w o u l d  e l i m i n a t e  t h e  p r o b l e m  o b s e r v e d  

w i t h  S m i l e y  an d  Cook ( 19 7 3 ) .  A p o r t i o n  o f  t h e i r  r e s u l t s  

a r e  shown i n  T a b l e  17.  D i f f e r e n c e s  b e t w e e n  t h e  two  

f e r t i l i z e r  f o r m s  we re  f i r s t  o b s e r v e d  a t  t h e  r a t e s  o f  120 

a nd  180 I b s / a c  n i t r o g e n .  I t  s h o u l d  be n o t e d  t h a t  a t  t h e  

h i g h e r  r a t e s  o f  n i t r o g e n  ( i . e .  >240 I b s / a c  o f  n i t r o g e n )  

t h e r e  w e r e  no d i f f e r e n c e s  b e t w e e n  d i s e a s e  s e v e r i t y  

r a t i n g s  o f  t h e  tw o  n i t r o g e n  t r e a t m e n t s  and  i t  i s  s t a t e d  

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

s i g n i f i c a n t .  T h i s  h i g h  r a t e  (>240 I b s / a c  n i t r o g e n )  would
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be  c o m p a r a b l e  t o  t h e  a m o u n t  o f  n i t r o g e n . w h i c h  w a s  

a v a i l a b l e  t o  p l a n t s  i n  my p l o t s .

Ta b l e  17. E f f e c t s  o f  t a k e - a l l  on i r r i g a t e d  G a i n e s  w i n t e r  
whea t  w i t h  i n c r e a s i n g  r a t e s  o f  two s o u r c e s  o f  
n i t r o g e n  a p p l i e d  23 M a r c h  1 9 6 7  ( H u b e r  e t  
a l . , 1 9 6 8 ) .

N i t r o g e n  Ra te % W h i t e he ads  T e s t  Wgt . ( I b s / b u )

l b s .  N / a c r e (NH4 ) 2SO4 NH4NO3 (NH4 ) 2SO4 NH4NO-*

0 45 d1 45
60 30 c 37 c 59 .3  d 59.3  d

120 11 . ab 37 c 59 .3  d 59 .3  d
180 8 ab 32 c 58 .0  c 59 .0  d
240 7 ab 4 cl 5 6 . 3 b 60 .3  e
300 3 a 8 ab 54 .6  a 60 .0  e

I  M e a n s  n o t f o l l o w e d  by t h e  s a m e  l e t t e r d i f f e r
s i g n i f i c a n t l y  a t  t h e  5% l e v e l of  p r o b a b i l i t y .

T h i s  s u g g e s t s  a n o t h e r  r e a s o n  why my r e s u l t s  may 

d i f f e r  f rom t h e  p r e v i o u s  e x p e r i m e n t s  men t i o n ed .  Due t o  

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

we re  253 k g / h a  o f  n i t r a t e  n i t r o g e n  p r e s e n t  a t  p l a n t i n g  i n  

t h e  f i r s t  122  cm o f  s o i l .  I f  t h e  f o r m  o f  n i t r o g e n  

e f f e c t s  pHr , a s  i n d i c a t e d  by Smi l ey  and Cook (1973) ,  t h e  

pHr  w o u l d  p r o b a b l y  n o t  be e f f e c t e d  by t h e  m e a g e r  111 

k g / h a  o f  v a r i o u s  ammonium n i t r o g e n  f o r m s  a d d e d  t o  t h e  

s o i l .  T h i s  was  i n d i c a t e d  by t h e  a v e r a g e  2 :1  n i t r a t e  t o  

ammonium r a t i o  f o r  a l l  t r e a t m e n t s  on bo th  d a t e s .  Th i s  

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

t r e a t m e n t s .  At  b e s t  t h e  o n l y  c o n c l u s i o n  w h i c h  can  be 

s a f e l y  made b a s e d  on my r e s u l t s  i s  t h a t  t h e  a d d i t i o n  o f  

e x c e s s  phosph o ru s  when a d e q u a t e  n i t r o g e n  i s  p r e s e n t  does  

a l l o w  s p r i n g  whe a t  t o  t o l e r a t e  t h e  d i s e a s e  and so produce  

h i g h e r  y i e l d s .  T h e s e  y i e l d s  o b t a i n e d  w i t h  e x c e s s  

p h o sp ho r u s ,  howeve r ,  w i l l  n o t  be e q u a l  t o  t h o s e  o b t a i n e d  

b e f o r e  t a k e - a l l  became a s e v e r e  d i s e a s e  p rob l em.  Wi thou t  

t a k e - a l l ,  i t  i s  p o s s i b l e  f o r  p r o p e r l y  m an a g ed  s p r i n g  

w h e a t  t o  y i e l d  6700 k g / h a .  The g r a i n  y i e l d  o f  t h e  

d i s e a s e d  p l a n t  can n o t  be improved  enough t o  j u s t i f y  t h e  

c o s t  o f  e x t r a  p h o s p h o r u s .  A t  p r e s e n t ,  a r o t a t i o n  

u t i l i z i n g  b a r l e y  w i l l  p r o b a b l y  be t h e  m o s t  e c o n o m i c a l  

c o n t r o l  f o r  t a k e - a l l .  '
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Chap te r  6 

Summary

A l t h o u g h  t a k e - a l l  d i s e a s e  o f  w h e a t  was  n o t  new t o  

M o n t a n a ,  t h e r e  h a d  been  no r e s e a r c h  c o n d u c t e d  on t h e  

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

t a k e - a l l  i n  t h e  P a c i f i c  N o r t h w e s t  had  been co n d uc t e d  w i t h  

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

s e v e r i t y  o f  t h e  d i s e a s e  p r o m p t e d  my r e s e a r c h  on t h e  

d i s e a s e  an d  i t s  e f f e c t  on i r r i g a t e d  s p r i n g  w h e a t  i n  

Montana.

I t  was d e t e r m i n e d  v i a  an i n f o r m a l  su r v e y  t h a t  t a k e -

a l l  was p r e s e n t  t h r o u g h o u t  t h e  s t a t e  and was i d e n t i f i e d
/

i n  11 c o u n t i e s .  T h i s  i n d i c a t e d  t h e  r a n g e  o f  t h e  d i s e a s e  

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

i r r i g a t e d  and  d r y l a n d  w h e a t  a n d  b a r l e y ,  t h e  d i s e a s e  was  

d e t e r m i n e d  t o  be y i e l d  l i m i t i n g  o n l y  t o  i r r i g a t e d  s p r i n g  

and w i n t e r  wheat .

I s o l a t i o n s  we re  a c c o m p l i s h e d  by u s i n g  t h e  s e l e c t i v e  

medium (SM-GGT3) wh ich  was d e v e l o p ed .  A s e l e c t i v e  medium 

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

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

i n f e c t e d  p l a n t  t i s s u e .  P r e v i o u s l y ,  PDA w i t h  o r  w i t h o u t
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a n t i b i o t i c s  was u sed  f o r  i s o l a t i o n  p u r p o s e s  and f a i l u r e  

t o  i s o l a t e  Gg t  was  u s u a l l y  due  t o  b a c t e r i a  and  f a s t  

g r owing  f u n g i .  SM-GGT3 i n c r e a s e d  t a k e - a l l  i s o l a t i o n s  32% 

and v i r t u a l l y  e l i m i n a t e d  c o n t a m i n a n t s  when compared  w i t h  

PDA. F u t u r e  work  c o n c e r n i n g  G s t  i s o l a t i o n ,  e i t h e r  f r o m  

p l a n t  t i s s u e  o r  f rom s o i l s ,  s h o u l d  be ba sed  on SM-GGT3.

High c o r r e l a t i o n s  were  o b s e r v e d  be tween  1000 k e r n e l  

w e i g h t  and su b - c r ow n  i n t e r n o d e  d i s e a s e  s e v e r i t y  r a t i n g s ,  

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

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

e x p e r i m e n t .  D i f f e r e n t  r a t e s  o f  c h l o r i d e  f e r t i l i z e r  d id  

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

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

can be made ba sed  on t h e  r e s u l t s  i s  t h a t  t h e  a d d i t i o n  of  

e x c e s s  pho sph o r us  when a d e q u a t e  n i t r o g e n  i s  p r e s e n t  does 

a l l o w  s p r i n g  whe a t  t o  t o l e r a t e  t h e  d i s e a s e  and so p roduce  

s o m e w h a t  h i g h e r  y i e l d s .  H o w ev e r ,  t h e  p h o s p h o r u s  r a t e  

n e c e s s a r y  t o  i n c r e a s e  wheat  y i e l d s  i s  n o t  e co n o m ic a l .
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Table 18. The e f f e c t s  o f the ad d ition  o f a n ti-fu n ga l
compounds on Gaeumannomy c e s  grami n i s  var.
t r i t i c i  mycelial growth.

% Check Growth 

Rate (ug/ml)1

Compound Check Medium 100 10 I

Piomycin EBÂ 105 105, 100
Picmycin MM3 O NT4 NT
Polyoxin D FBA 10 75 75
Polyoxin D MM NT 42 NT
Validomycin D FBA O 80 85
Validomycin D MM NT 22 NT
B las tic in  S FBA 115 105 105
Kasugamycin FBA 105 95 100
Cycloheximide FBA O 0 NT
Dicloran FBA 15 73 98
Dicloran PDA NT 68 NT
Thiram EBA O 0 26
T riphenyltin  Hydroxide FBA O 0 0
Benomyl FBA O 0 0
Bencmyl MM NT NT 0
Rose Bengal FBA O 57 100
Rose Bengal MM NT 0 48
Maneb FBA O 91 114
Maneb MM NT 39 227
Maneb (as Granox) PDA NT 119 NT
Triadimefon FBA 18 86 114
Triadimefon MM NT 127 153
Triadimefon PDA NT 0 NT
Prochloraz FBA O 0 0
Captan FBA 54 100 109
Captan MM O 27 NT
Captan PDA NT 53 NT
CEA-62451 FBA O 0 0
Ethircm il FBA 95 104 109
Quintozene FBA 36 91 109
Quintozene MM NT 39 227
Quintozene PDA NT 84 MT
Thiophenate-methyl FBA O 0 91
Thiophenate-methyl FBA NT 68 221
TCMlB FBA O 11 83
TCMTB MM MT 0 11
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Table 18. continued

% Check Growth 1 2 3 4 5

Rate (ug/ml)1

Compound Check Medium 100 10 I

Thiabendazole EBA 0 0 83
Thiabendazole MM NT 0 91
Carboxin EBA 0 0 50
Carboxin PDA NT 21 36
Amphotericin B EBA 74 94 94
Amphotericin B EDA NT 69 NT
N ystatin EBA 55 87 92
N ystatin EDA NT 80 109
Ox G all Powder PBA 94 100 NT
Pim aricin EBA 0 0 111
Pim aricin MM NT 0 86
Chloramphenicol MM 84 91 91
Im az ilil MM 0 0 0
Methfuroxam EDA NT 20 81
Metalaxyl EDA 54 86 NT
Iprodione EDA 38 59 84
CGA-64250 EDA 0 0 NT
HOE 00703 EDA 18 81 MT
Hexachlorobenzene EDA 102 109 92
S ilver N itra te EDA 2 73 NT

1 These were the most frequent ra te s  tes ted .
2 Potato Broth Agar.
3 Minimal Medium (page 17) w ith Bacto Agar.
4 Not te s te d  a t  th is  ra te .
5 Potato Dextrose Agar.
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TatxLe 19. Ga£jjmanneBlY££S graniin ls var. t r i t i c i  m y c e lia l
growth e f f e c t s  due to  the add ition  o f 100 ug/ml
of various carbon sources to a base medium.

% of Base Medium Growth

Carbon Source EBA1
fEE

PMM3

Asparagine 94 152 OT4
Cysteine 119 n o NT
Cystine 94 94 NT
Methionine 106 NT NT
Sodium Carboxymethylcellulose NT HO NT
Corn Starch NT 142 NT
G elatin NT 140 NT
Xylan NT 91 NT
Dextrin NT 93 NT
Cellobiose NT 98 NT
Galactomannon Polysaccharide NT 102 NT
Agarose (Indubiose -  A3 7) NT 96 NT
Urea NT NT 94

1 Potato Broth Agar.
2 Minimal Medium (page 17) w ith Bacto Agar.
3 Minimal Medium w ith Oxoid P urified  Agar.
4 Not te s te d  w ith th is  basal medium.
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Table 20. Gaeumannomyces araminis var. t r i t i c i  mycelial growth
e ffec ts  due to the addition of 1000 ug/ml of various
carbon sources to a base medium.

Carbon Source

% of 

PBA1

Base Medium Growth 

MM2 PMM3

Asparagine 88 133 144
Cysteine 0 113 84
Cystine 119 25 123
Methionine 81 NT4 NT
Sodium Carboxymethylcellulose NT 132 52
Corn Starch NT 142 81
G elatin NT 132 134
Glucose NT 147 NT
Xylan NT 93 121
Galactomannon Polysaccharide NT 105 121
Cellobiose NT 105 142
Dextrin NT 91 94
Agarose (Indubiose -  A37) NT 91 119
Sorbose NT 46 NT
1 Potato Broth Agar.
2 Minimal Medium (page 17) with Bacto Agar.
3 Minimal Medium with Oxoid P urified  Agar.
4 Not te s te d  w ith th is  basal medium.



94

Table 21. The e ffe c ts  of various basal media on Gaeumannomyces
graminis var. t r i t i c i  mycelial growth.

Basal Medium % of PDA-'- Check Growth

1/5 Potato Dextrose Agar 100
Potato Sucrose Agar 100
Potato Broth Agar 100
Acidic Potato Broth Agar^

0 AC rystal V iolet Pectin Agar^ IOO4
Czapek Solution Agar 25

I  Potato Dextrose Agar.
2 A cid ified  to  pH 5.5 with 25% la c t i c  acid .
3 Cuppelsf D. f  and Kelmanf A. 1974. 

64;468-475.
4 U tiliz a tio n  of pectin  occurred.

Phytopathology.

Table 22. The e f f e c t s  o f th e  a d d i t i o n  o f  a n t i - b a c t e r i a l  
compounds on Gaeumannomyces gram i n i s  va r. t r i t i c i  
m ycelial growth.

% of PBA-'- Check Growth

Rate (ug/ml)

Compound 500 100 20 10 2

Streptomycin S u lfa te 100 100 NT1 2 95 NT
Rifampicin 95 100 NT 95 NT
O xytetracycline NT NT NT 100 89
B acitracin NT NT 114 NP NT
Neomycin S u lfa te NT NT 114 NT NT

1 Potato Broth Agar.
2 Compound hot te s te d  a t  th is  ra te .
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Table 23. The e f f e c t s  o f the ad d ition  of various le v e ls  of
organic compounds on Gaeumannomyces gram inis var.
t r i t i c i  mycelial growth.

% of PD&1 Check Growth

Rate (ug/ml)

Compound 1000 500 100 10 I

Tyrosine 952 SI1 2 91 91 NT3
L-DOPA 752 IOO2 75 100 NT
D-DOPA 552 IOO2 85 75 NT
L-Methoxytyrosine 111 111 100 100 NT
p-Cresol O 0 50 85 NT
Arbutin 100 NT 100 100 NT
S alic in NT NT 10 100 OT
B-Escin NT NT NT oo 100
Dopamine NT 86 2 83 2 83 2 OT
Tyramine 100 NT 90 90 OT
Gramine 0 NT 73 87 NT
Scopoletin NT NT NT 70 73
C affeic Acid NT NT IOO0 100 NT
Chlorogenic Acid NT NT IOO2 100 NT
Catechin NT 852 IOO2 IOO2 NT
p-Coumaric acid NT NT 83 100 NT
G allic  Acid NT 752 NT NT NT
iy ro g a llo l NT 0 NT NT OT

1 Potato Dextrose Agar.
2 Pigment observed in  medium.
3 Compound not te s te d  a t  th is  ra te .
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