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EFFECTS OF REDUCING INTERPLANT COMPETITION 
FOR LIGHT AND WATER ON STALK ROT OF CORN 

C.G. Mortimore and L.F. Gates' 

Abstract 

S t a l k  rot  i n  res is tant  and s u s c e p t i b l e  corn (Zea m a  s) hybrids  was 
s t u d i e d  under condi t ions  of reduced i n t e r p l a n t  compet imn%r l i q h t  and 
water or f o r  water  only. A reduc t ion  i n  competi t ion f o r  both l i g h t  and 
water  decreased s t a l k  r o t  by 63% and 2 0 %  i n  r e s i s t a n t  and s u s c e p t i b l e  
hybr ids  r e s p e c t i v e l y ,  when compared with p l a n t s  f o r  which stress condi t ions  
were n o t  a l t e r e d .  Suscep t ib le  h y b r i a s ,  e s p e c i a l l y  i n  very dry per iods ,  
responded very l i t t l e  t o  reduced competi t ion f o r  w a t e r ,  and t h i s  appeared 
t o  l i m i t  t h e i r  response to  reduced competi t ion f o r  l i g h t .  R e s i s t a n t  
hybr ids  were more resi l ient  than s u s c e p t i b l e  ones i n  t h a t ,  when stress was 
decreased,  they  showed g r e a t e r  reduc t ions  i n  s t a l k  r o t .  Suscep t ib le  p l a n t s  
tended t o  maintain y i e l d  a t  t h e  expense of s t a l k  d e t e r i o i a t i o n  and 
s u s c e p t i b i l i t y  t o  s t a l k  r o t .  

Introduction 

Fungi invade t h e  crowns and s t a l k  bases  
o f  corn p l a n t s  (Zea m a  s L.) as t h e  ears 
mature and t h e  Gnt&come senescent .  The 
fungus m o s t  o f t e n  involved i n  southwestern 
Ontar io  is Gibbere l la  Lea2 (Schw.) Petch 
( imper fec t  s tate  usarium 
Schwabe). F a c t o r s  whizh impose st- 
p l a n t s  d u r i n g  ear development, such as 
competi t ion f o r  l i g h t  and water, accen tua te  
stem d e t e r i o r a t i o n  and r o t t i n g  by fungi .  
However t h e  s t a l k s  of r e s i s t an t  cu l t i va r s  
remain i n  good condi t ion  dur ing  and a f t e r  
maturat ion of  t h e  ear. 

i n  which s t a n d s  w e r e  th inned  
a t  v a r i o u s  times t o  reduce i n t e r p l a n t  
competi t ion i n d i c a t e d  t h a t  adverse e f f e c t s  on 
t h e  s t a l k ,  due i n  p a r t  t o  i n t e r p l a n t  
competi t ion,  become i r r e v e r s i b l e  dur ing  t h e  4 
weeks preceding phys io log ica l  matur i ty  of t h e  
ear (I). 

The adverse e f f e c t s  o f  competi t ion f o r  
water and l i g h t  were s t u d i e d  f u r t h e r  to 
determine t h e i r  importance i n  s t a l k  rot 
development i n  res is tant  and s u s c e p t i b l e  
hybrids .  

Experiments 

Methods 

Experiments w e r e  c a r r i e d  o u t  i n  sandy 
loam f i e l d  p l o t s  a t  t h e  Research S t a t i o n ,  
H a r r o w .  P l a n t s  were spaced a t  19.8 cm i n  
r o w s  102 c m  a p a r t , . g i v i n g  49,420 plants /ha.  
Hybrids used are given i n  t h e  t a b l e s  f o r  each 
experiment. P l o t s  cons i s ted  of s i x  5.1-m 
r o w s ,  wi th  d a t a  taken from 4.1 m of t h e  
center f o u r  r o w s .  S e t s  of such p l o t s  
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c o n s t i t u t e d  main p l o t s  which, i n  experiments 
wi th  i r r i g a t i o n ,  e i t h e r  w e r e  n o t  i r r i g a t e d  o r  
rece ived  water  from hoses on t h e  ground 
between t h e  r o w s  t o  supplement r a i n f a l i l  t o  
2.5 cm/week. 

I n  each p l o t ,  a l t e r n a t e  p l a n t s  were c u t  
a t  ground level on t h e  d a t e s  i n d i c a t e d  f o r  
each experiment. Cut p l a n t s  w e r e  e i t h e r  
removed, t h u s  reducing competi t ion f o r  .Light 
and wate r ,  or s taked  i n  p l a c e ,  thus  r e t a i n i n g  
l i g h t  competi t ion b u t  reducing water 
competition. 

S t a l k  r o t  w a s  assessed  3 weeks a f t e r  
phys io log ica l  matur i ty  (35% g r a i n  moisture)  
e i t h e r  by determining t h e  percentage of 
i n f e c t e d  p l a n t s  or by s p l i t t i n g  lenqthwise 
t h e  stems of 20 p l a n t s  and record inq  t h e  
number of t o t a l l y  o r  p a r t i a l l y  decayed 
in te rnodes .  

Results and discussion 
Good responses t o  reduc t ion  i n  stress 

were n o t  obtained l a t e r  than  4 weeks a f t e r  
mid- silk i n  1966 or later  than  2 weeks a f t e r  
mid- silk i n  1967 (Table 1 ) .  

I n  1966, 11.2 c m  of r a i n  i n  August and 
7.9 c m  i n  September gave adequate moisture,  
and no response w a s  obtained wi th  t h e  
s u s c e p t i b l e  hybrid t o  reduced water  
competi t ion (a l ternate  p l a n t s  cu t  and s taked  
i n  p l a c e ) ;  however when l i g h t  competi t ion was 
a l s o  reduced by removing a l t e r n a t e  p l a n t s  4 
weeks a f t e r  mid- silk, s t a l k  rot  w a s  decreased 
by n e a r l y  h a l f .  

I n  1967, r a i n  i n  August and September 
t o t a l l e d  only 8.8 c m ,  h a l f  of which f e l l  on 2 
days a t  t h e  end of September. The r e s i s t a n t  
hybrid developed much less s t a l k  r o t  when 
competi t ion f o r  water w a s  reduced 2 weeks 
a f t e r  mid- silk and s t i l l  less when 
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Table  1. Effects  of reducing water and l i g h t  stress on s t a l k  r o t  i n  s u s c e p t i b l e  and r e s i s t a n t  co rn  hybr ids  
i n  1966 and 1967, expressed a s  % d i seased  p l a n t s  3 weeks a f t e r  phys io log ica l  m a t u r i t y  

Date of t rea tmenta  

1966 1967 

Suscep t ib l e  hybr idb  Suscep t ib l e  hybr idb R e s i s t a n t  hybridC 

Treatment Aug. 23 Sept.  6 Aug. 9 Aug. 23 Aug. 9 Aug. 23 

Con t ro l ,  49,420 p l an t s /ha  53.7 83.1 70.6 

Reduced compet i t ion f o r  water 47.6 53.7 74.2 81.1 49.3 74 .O 

Reduced compet i t ion f o r  water 
and l i g h t e  28.3 47.3 74.3 79.8 37.4 52.2 

a Treatment d a t e s  were 4 and 6 weeks a f t e r  mid- si lk  i n  1966; 2 and 4 weeks a f t e r  mid- si lk  i n  1967. 
L a t e r  t r ea tmen t s  w e r e  wi thout  effect. 

Pioneer  371. 

B14 x CH9. 

A l t e r n a t e  p l a n t s  c u t  a t  ground l e v e l  and s taked i n  p l ace .  

A l t e r n a t e  p l a n t s  c u t  a t  ground l e v e l  and removed. 

competi t ion f o r  l i g h t  was a l s o  reduced (Table 
1 ) .  When competi t ion was reduced 4 weeks 
a f t e r  mid- si lk,  t h e r e  w a s  no response t o  
reduc t ion  i n  water stress and moderate 
response i n  t h e  r e s i s t a n t  hybrid t o  reduc t ion  
i n  competi t ion f o r  water  and l i g h t .  The 

Table  2. E f f e c t s  o f  i r r i g a t i o n  on s t a l k  r o t  i n  
s u s c e p t i b l e  and r e s i s t a n t  hybr ids ,  1967 

N o .  of r o t t e d  in t e rnodes  p e r  
p l a n t  

Hybrid and no. 
p l an t s /ha  Not i r r i g a t e d  I r r i g a t  eda 

R e s i s t a n t ,  49,420 

B14 x CH9 2.1 0.1 

592.46 x 591.23 1 .9  0.2 

R e s i s t a n t ,  24, 710b 

B14 x CH9 1.5  0.0 

592.46 x 591.23 1 .6  <o .1 

Suscep t ib l e ,  49,420 

Pioneer  371 2.3 2.0 

P ionee r  37 75 2.4 2.0 

Suscep t ib l e ,  24,710b 

Pioneer  371 2 .o 1 .o 
Pioneer  3775 1 .9  0.7 

a I r r i g a t i o n  s t a r t e d  August 11 (2 weeks a f t e r  
mid- si lk)  t o  t o t a l ,  w i th  r a i n ,  2.54 cm/week. 

Rows t h inned  by removing a l t e r n a t e  p l a n t s  4 
weeks a f t e r  mid- si lk  (August 22) .  

s u s c e p t i b l e  v a r i e t y  w a s  severe ly  a f f e c t e d  by 
drought and showed severe  s t a l k  r o t  d e s p i t e  
reduced i n t e r p l a n t  competi t ion.  However 
i r r i g a t i o n  of s u s c e p t i b l e  hybr ids  d i d  reduce 
s t a l k  r o t  and halved it when t h e  popula t ion  
was a l s o  reduced (Table 2 ) .  Again t h e  
r e s i s t a n t  hybr ids  w e r e  more r e s i l i e n t ,  and 
i r r i g a t i o n  almost e l imina ted  s t a l k  r o t  i n  
them. 

I n  1968- 1970 (Table 3 ) ,  t h e  r e s i s t a n t  
hybrids  were usua l ly  more responsive t o  
decreased stress than  t h e  s u s c e p t i b l e  ones. 
There was no response by r e s i s t a n t  v a r i e t i e s  
t o  reduced w a t e r  competi t ion i n  1969 ,  when 
r a i n f a l l  i n  August-September w a s  average 
( t o t a l  12.4 c m ) ,  o r  on n o n i r r i g a t e d  p l o t s  i n  
t h e  very d r y  autumn of 1970 (August-September 
r a i n  6 . 8  c m ) .  However reduced competi t ion 
f o r  water  i n  1968 ,  and i n  1970 on i r r i g a t e d  
p l o t s ,  reduced s t a l k  rot  i n  r e s i s t a n t  hybr ids  
by approximately one-half and one- quarter  
respec t ive ly .  I n  a l l  f o u r  comparisons, 
r e s i s t a n t  v a r i e t i e s  responded w e l l  t o  reduced 
l i g h t  competition. The behaviour of 
s u s c e p t i b l e  v a r i e t i e s  followed a s i m i l a r  
p a t t e r n ,  b u t  wi th  smaller responses.  

R e s i s t a n t  hybr ids  throughout t h e  
experiments were more r e s i l i e n t  than 
s u s c e p t i b l e  hybrids  i n  t h a t  where stress 
condi t ions  w e r e  ameliorated r e s i s t a n t  p l a n t s  
w e r e  b e t t e r  a b l e  t o  t a k e  advantage of t h e  
improved condi t ions  and showed g r e a t e r  
reduc t ion  i n  s t a l k  r o t .  Reduction i n  s t a l k  
r o t  i n  popula t ions  o f  r e s i s t a n t  hybr ids  when 
i n t e r p l a n t  competi t ion f o r  both l i g h t  and 
water w a s  reduced, o r  when w a t e r  w a s  suppl ied  
by i r r i g a t i o n  t o  reduced popula t ions ,  
averaged 63% of  t h a t  i n  populat ions growing 
under una l te red  stress condi t ions  (Table 4 ) .  
The corresponding f i g u r e  f o r  s u s c e p t i b l e  
hybr ids  w a s  20%.  When t h e  e f f e c t s  of reduced 

I I I 
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Table 3. Effects  of stress reduction and i r r i g a t i o n  on s t a l k  r o t ,  expressed a s  avg no. r o t t e d  internodes per 
p lan t ,  i n  susceptible and r e s i s t a n t  hybrids, 1968-1970 - 

1970 

Susceptible Resistant  ~- 1968 1969 
Not Not 

Treatment Susceptible Resistant  Susceptible Resistant  i r r i g a t e d  I r r iga teda  i r r i g a t e d  I r r iga teda  

Control, 49,420 
plants/ha 0.6 0.3 2 .1  0.2 1 .0  1 . 2  1.0 0.8 

Reduced competi- 
t i o n  f o r  water 0.6 0.1 1.8 0.2 1.0 1.3 0.9 0.6 

Reduced competi- 
t i o n  f o r  water 
and l i g h t C  0.4 <0.1 1.6 0.1 1 .o 1.1 0.6 0 . 2  

~~ ~ ~~~ ~ ~~ 

a I r r i g a t e d  f o r  2 weeks a f t e r  mid-silk t o  t o t a l ,  with r a i n ,  2.54 cm/wk. 

Alternate p lan ts  c u t  a t  ground l e v e l  and staked i n  place 3 weeks a f t e r  mid-silk each year. 

Alternate p lan ts  c u t  a t  ground leve l  and removed 3 weeks a f t e r  mid-silk each year. 

Table 4. Effects  of reducing stress a f t e r  po l l ina t ion  on s t a l k  r o t  i n  susceptible and r e s i s t a n t  hybrids; 
reduction i n  s t a l k  r o t  as % of t h e  s t a l k  r o t  i n  untreated control  

~~ ~~ ~~ 

Calculated 
e f f e c t  of Reduced Reduced l i g h t  

Reduced reduced l i g h t  competition competition 
competition competition f o r  l i g h t  and 

i r r i g a t i o n  and water Hybrid, year ,  and f o r  water I r r iga ted  (B-A) o r  
treatment* (A) (C) (D-C) (B) (D) 

Susceptible hybrids? 
1966 (a) 11 

1967 (a) 11 

1967 (b) 

1968 (a) 10 

1969 (a) 14 

1970 (a) n i l  

1970 (b) 

Mean 1967-70 

Resistant  hybridsf'f 

1967 (a )  

1967 (b) 

1968 (a) 

1969 (a) 

1970 (a) 

1970 (b) 

30 

46 

n i l  

1 2  

5 

Mean 1967-70 33 

16 

-22 

93 

17 

36 47 

n i l  11 

48 16 

20 30 

11 25 

n i l  n i l  

15 

16 

17 

50 

58 

28 

62 

43 

47 

23 

96 

58 

40 

64 

- 7  

20 

99 

79 

63 
* 

Treatment (a): experiments i n  which stress w a s  reduced by cu t t ing  a l t e r n a t e  p lan ts  a t  ground l e v e l  
and e i t h e r  s taking t h e  tops i n  place (reduced competition for  water) o r  removing them (reduced competition 
f o r  l i g h t  and water) ,  2 o r  4 weeks a f t e r  mid-silk; treatment (b) :  p l o t s  i r r i g a t e d  weekly from 2 weeks a f t e r  
mid-silk t o  supplement r a i n f a l l  t o  2.54 cm/wk. 

Susceptible hybrid Pioneer 371 i n  1966-1970, plus Pioneer 3775 i n  1967. 

'+ Resistant  hybrid B14 x CH9 i n  1966-1970, plus 592.46 x 591.23 i n  1967. 
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competi t ion f o r  water  and l i g h t  are assessed  
s e p a r a t e l y ,  s u s c e p t i b l e  v a r i e t i e s ,  e s p e c i a l l y  
i n  very dry  per iods ,  show l i t t l e  response t o  
a reduc t ion  i n  i n t e r p l a n t  competi t ion f o r  
water. Poss ib ly  so l i t t l e  w a t e r  w a s  
a v a i l a b l e  i n  dry per iods  t h a t  reducing 
i n t e r p l a n t  competi t ion w a s  no t  s i g n i f i c a n t  i n  
changing drought e f f e c t s .  Water shor tage  
also appears  t o  l i m i t  t h e i r  response t o  
reduced l i g h t  competi t ion (Table 4 ) .  
Presumably t h e  r o o t s  o f  s u s c e p t i b l e  hybr ids  
d e t e r i o r a t e  considerably under stress 
condi t ions  very soon a f t e r  p o l l i n a t i o n .  Even 
t h e  r e s i s t a n t  hybr ids  w e r e  n o t  a b l e  t o  
wi ths tand  f u l l  stress condi t ions  i n  very dry 
seasons and showed severe  s t a l k  r o t  i n  1967 
and 1970. 

I n  y i e l d ,  r e s i s t a n t  and s u s c e p t i b l e  
v a r i e t i e s  responded very s i m i l a r l y  t o  reduced 
i n t e r p l a n t  competi t ion f o r  l i g h t  and water 
( r e s i s t a n t ,  + 19%; s u s c e p t i b l e ,  + 1 6 % )  and t o  

i r r i g a t i o n  ( r e s i s t a n t ,  + 23%; s u s c e p t i b l e ,  + 
26%) .  Under condi t ions  o f  least  stress t h e  
y i e l d s  o f  s u s c e p t i b l e  hybrids  w e r e  87- 102% of 
those  of r e s i s t a n t  hybrids;  under condi t ions  
of g r e a t e s t  stress they  y ie lded  84-9674 of t h e  
r e s i s t a n t  hybrids .  Suscep t ib le  p l a n t s  thus  
tend t o  maintain t h e i r  y i e l d  a t  t h e  expense 
of s t a l k  d e t e r i o r a t i o n  and s u s c e p t i b i l i t y  t o  
s t a l k  r o t .  
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