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Abstract 

Y e l l o w  l e a f  b l i g h t  o f  maize (Zea w) caused by P h y l l o s t i c t a  maydis 
w a s  more s e v e r e  i n  f i e l d  p l o t s  w i t h  G h  t h a n  i n  t h o s e  w i t h  l o w  p o p u l a t i o n  
d e n s i t i e s .  A i r  t e m p e r a t u r e s  and dew d u r a t i o n  i n  p l o t s  w i t h  wide ly  
d i f f e r i n g  p o p u l a t i o n  d e n s i t i e s  were s imi lar .  B l i g h t  w a s  more s e v e r e  i n  
maize  c u l t u r e d  w i t h  minimum t i l l a g e  t h a n  w i t h  c o n v e n t i o n a l  t i l l a g e .  The 
r e l a t i o n s h i p  o f  t h e  amount o f  i n f e c t e d  maize r e s i d u e s  from p rev ious  growinq 
s e a s o n s  t o  b l i g h t  s e v e r i t y  i s  d i s c u s s e d .  

Introduction 

i 

INFLUENCE OF SOME CULTURAL PRACTICES 
ON YELLOW LEAF BLIGHT OF MAIZE 

J.C. Sutton.’ A. Bootsma? and T.J. Gillespie3 

Y e l l o w  l e a f  h l i q h t ,  caused by 
P h y l l o s t i c t a  maydis Arny and Nelson ( 1 )  , was 
w i d e l y  d i s t r i b u t e d  i n  O n t a r i o  i n  r e c e n t  y e a r s  
(3 ,  G). The d i s e a s e  was u s u a l l y  minor and 
o c c u r r e d  i n  t h e  form o f  s c a t t e r e d  l e s i o n s ,  
mos t ly  on t h e  l o w e r  l e a v e s .  O c c a s i o n a l l y ,  
however, s e v e r e  b l i g h t  developed and caused 
economic losses, p a r t i c u l a r l y  i n  q r a i n  and 
s i l a g e  maize.  

Casual  f i e l d  o b s e r v a t i o n s  i n d i c a t e d  t h a t  
c u l t u r a l  n r a c t i c e s  i n f l u e n c i n g  p l a n t  v i s o r ,  
t h e  microclimate i n  t h e  p l a n t  canopy, and t h e  
amount o f  maize d e b r i s  from p r e v i o u s  seasons  
r ema in ing  on t h e  s o i l  s u r f a c e  may be  
i m p o r t a n t  i n  t h e  development o f  s e v e r e  
o u t b r e a k s  o f  b l i g h t .  I n  t h e  p r e s e n t  s t u d y  
t h e  i n f l u e n c e  of p o p u l a t i o n  d e n s i t y  o f  maize 
p l a n t s  and c e r t a i n  t i l l a g e  n r a c t i c e s  on t h e  
development o f  y e l l o w  l e a f  b l i g h t  and t h e  
e f f e c t  o f  p o p u l a t i o n  d e n s i t y  on microclimate 
w a s  examined. 

Materials and methods 

The e f f e c t  o f  p l a n t  p o p u l a t i o n  d e n s i t v  on  
b l i g h t  s e v e r i t y  was examined i n  t h e  f i e l d  a t  
Elora,  O n t a r i o ,  i n  1970. 

Maize (Zea mays L . )  v a r .  Funks C-43, 
c a r r y i n g  T e x a s  m G s t e r i l e  cytoplasm,  was 
p l a n t e d  by hand i n  f i e l d  p lo t s  on ilay 27-23. 
I n  each  n l o t  t h e r e  were f i v e  p a r a l l e l  r o w s  76 
c m  (2.5 f t )  a p a r t  and 7.6 m (25 f t )  long.  
Kerne l s  were sown a t  i n t e r v a l s  o f  18, 23, 2 8 ,  
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and 36 c m  w i t h i n  t h e  row t o  givr? t!ie 
e q u i v a l e n t  o f  73,360, 57,300, 46,330, and 
36,339 n l a n t s  n e r  h e c t a r e  (23,700, 23,200, 
1 9 , 0 0 0 ,  and 14,950 n l a n t s  3er acre) .  ‘?\Jo 
k e r n e l s  Tvere sown a t  each s n a c i n q  and q l a n t s  
w e r e  t h i n n e d  t o  one per snac inq  a f t e r  
emergence. Ten p l o t s  were sown a t  each 
p l a n t i n g  d e n s i t y .  The n l a n t s  i n  f i v e  of 
t h e s e  n l o t s  were l a t e r  i n o c u l a t e d  and t ’ iose  
i n  t h e  remaining p lo t s  se rved  a s  
non inocu la t ed  c!iecks. P l o t s  were a r ranued  i n  
a randomized comnlete b l o c k  d c s i q n .  Snacer, 5 
f t .  across between h l o c k s  were nlantec! :-:ith 
b a r r i e r  rows o f  maize con t inous  w i t h  t h e  rows 
w i t h i n  t h e  I ~ l o c k s .  The e n t i r e  n l o t  ar?a  !.‘as 
surrounded by 107 m (350 f t )  or  more of 
maize,  e x c e p t  on t!ie nor thwes t  s i d e  v h e r e  an 
8-row borde r  v a s  Dlan ted .  

P l a n t s  were i n o c u l a t e d  With nycnidio-  
s p o r e s  o h t a i n e d  from p. maydis c u l t u r e s  qrown 
on potato d e x t r o s e  aq-r 2 weeks under  
cool- whi te  l i g h t s  a t  apnrox ima tc ly  2 2 O  C .  
C u l t u r e s  were f looded  w i t h  s te r i le  v a t e r  for 
15 min and t h e  s p o r e  susncns ions  d i l u t e d  t o  
g i v e  1 x 1 0 5  s p o r e s  p e r  m l .  Spore  
suspens ions  were atomized o n t o  p l a n t s  just 
b e f o r e  s u n s e t  on June 22  and a g a i n  on &June 
28. Only n l a n t s  i n  t h e  i n n e r  3 rows o f  each 
t r e a t e d  p l o t  were i n o c u l a t e d .  

To minimize s p r e a d  o f  inoculum between 
p l o t s ,  z ineb  ( 3  l b  75% W.P. i n  100 g a l  p e r  
acre) w a s  a p p l i e d  a t  weekly i n t e r v a l s  t o  
p l a n t s  i n  t h e  o u t e r  r o w s  o f  a l l  p l o t s ,  i n  t h e  
b a r r i e r  rows between t h e  b l o c k s ,  and i n  f o u r  
rows immediate ly  s u r r o u n d i n g  t h e  p l o t  area. 
No symptoms of ye l low l e a f  b l i g h t  appea red  on 
t h e  t r e a t e d  p l a n t s .  

Y e l l o w  l e a f  b l i g h t  was a s s e s s e d  i n  n l a n t s  
i n  t h e  c e n t e r  r o w  of each p l o t  on August 2 4 .  
Three leaves o f  each p l a n t  a t  30-45 c m ,  105- 
120 c m  (mid-canopy) and a t  abou t  180 c m  
( p e n u l t i m a t e  l e a f )  above ground l e v e l  were 
r a t e d  f o r  d i s e a s e  a c c o r d i n g  t o  t h e  scale o f  
H o r s f a l l  and Barra t t  ( 5 ) .  
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Poss ib le  d i f f e r e n c e s  i n  microclimate i n  
p l o t s  of d i f f e r i n g  populat ion d e n s i t i e s  was 
s t u d i e d  by monitor ing temperature and 
d u r a t i o n  of  l e a f  wetness. Temperatures were 
measured dur ing  September 7-19 i n  two p l o t s  
a t  each populat ion dens i ty .  A thermistor-  
based temperature sensor  ( 2 )  w a s  mounted a t  a 
h e i g h t  of 130 c m  midway along t h e  c e n t e r  r o w  
i n  each of t h e  p l o t s .  The sensors  provided 
mean a i r  temperatures  dur ing  four  s e p a r a t e  12 
min i n t e r v a l s  i n  each hour. Data obtained 
from t h e  two p l o t s  a t  each populat ion d e n s i t y  
w e r e  averaged, and observa t ions  taken dur ing  
t h e  times of maximum and minimum a i r  
temperatures  i n  each 24  h r  per iod  were used 
f o r  comparative purposes. The dura t ion  of 
l e a f  wetness w a s  monitored cont inous ly  from 
August 13 t o  September 2, using sensors  t h a t  
respond t o  mois ture  by changes i n  e lectr ical  
r e s i s t a n c e  ( 2 ) .  The wetness sensors  were 
mounted a t  a he igh t  of 130 c m  i n  the  c e n t e r  
row o f  each 2 r e p l i c a t e  p l o t s  with p l a n t s  
spaced a t  18, 23, and 36 c m  i n t e r v a l s .  

The r e l a t i o n s h i p s  of t i l l a g e  p r a c t i c e s  t o  
b l i g h t  s e v e r i t y  w a s  i n v e s t i g a t e d  i n  t h e  f i e l d  
a t  A r k e l l ,  Onta r io ,  i n  1970. Bl igh t  s e v e r i t y  
was assessed  i n  four  a reas  o f  a s i n g l e  f i e l d  
with t h e  fol lowing c u l t u r a l  h i s t o r i e s :  sod i n  
1969 and maize with conventional  t i l l a g e  
( s o i l  ploughed and disced i n  Spring)  i n  1970; 
maize with conventional  t i l l a g e  i n  1969  and 
1 9 7 0 ,  harvested as g r a i n  i n  1969;  maize with 
zero t i l l a g e  i n  1969 and 1970, harves ted  as  
s i l a g e  i n  1969. Maize had been grown with 
conventional  t i l l a g e  i n  1968 i n  a l l  p l o t  
areal  except  w e r e  sod was p r e s e n t  i n  1969.  
The areas of d i f f e r i n g  t i l l a g e  were 201 m 
(660 f t )  long,  more than 122  m (400 f t )  i n  

width,  and w e r e  separa ted  by fallowed land a t  
l e a s t  12 m (40 f t )  wide. Maize hybrid 'Funks 
G-43' with Texas male- s te r i l e  cytoplasm was 
grown i n  both 1969 and 1970. In 1970 t h e  
maize was machine p lan ted  on May 10-11 i n  
rows spaced a t  76 c m  (30 inch)  i n t e r v a l s  t o  
g ive  a populat ion of about 51,900 p l a n t s  per  
h e c t a r e  (21,000 p l a n t s  per  acre). Standard 
f e r t i l i z e r  and h e r b i c i d e  t rea tments  were used 
i n  t h e  e n t i r e  f i e l d .  Bl igh t  w a s  a ssessed  on 
August 28. Three r e p l i c a t e  t r a n s e c t s  i n  
d i r e c t i o n s  diagonal  t o  t h a t  of t h e  rows were 

made i n  each t i l l a g e  area.  In  each t r a n s e c t ,  
30 p l a n t s  a t  i n t e r v a l s  o f  5-6 paces w e r e  
a ssessed  f o r  b l i g h t  a s  above. Hors fa l l -  
B a r r a t t  r a t i n g s  f o r  each r e p l i c a t e  p l o t  o f  
each t reatment  w e r e  summed and t h e  average 
r a t i n g  was converted t o  percen t  l e a f  a r e a  
d i sco lored  using s t a t i s t i c a l l y  ad jus ted  
conversion t a b l e s .  

Results 
Bl igh t  w a s  more severe  i n  maize p l o t s  

with high than  with low populat ion d e n s i t i e s  
( T a b l e  1 ) .  Symptoms were well-developed on 

only t h e  lower leaves a t  t h e  t i m e  when b l i g h t  
w a s  es t imated.  Some l e s i o n s  w e r e  p r e s e n t  a t  
mid-canopy l e v e l  (105-120 c m )  and few 
appeared on t h e  upper leaves.  Bl igh t  
symptoms were observed on t h e  lower l eaves  o f  
noninoculated p l a n t s ,  e s p e c i a l l y  those  a t  t h e  
h i g h e s t  populat ion d e n s i t y ,  b u t  pycnidia  
f a i l e d  t o  appear on most of  the  b l i g h t e d  
leaves of noninoculated p l a n t s  i n  t h e  f i e l d  
o r  a f t e r  incuba t ion  f o r  6-7 days i n  moist  
chambers. 

A i r  temperatures  i n  t h e  maize populat ion 
p l o t s  usua l ly  d i f f e r e d  by less than 1' C. 
This w a s  t r u e  on n i g h t s  with heavy dew and 
thus  s t r o n g  r a d i a t i v e  cool ing,  i n  days with 
more than 5 h r  of b r i g h t  s u n l i g h t  and thus  
s t r o n g  r a d i a t i v e  hea t ing ,  a s  w e l l  a s  on 
n i g h t s  without  dew and days with less than  5 
h r  b r i g h t  sun. Measured temperature 
d i f f e r e n c e s  d i d  n o t  usua l ly  exceed t h e  l i m i t s  
o f  accuracy (k 0.5O C) of t h e  temperature 
sens ing  apparatus .  

The t i m e s  o f  t h e  i n i t i a t i o n  of  dew 
per iods  a s  seen with a hand l e n s  on the maize 
leaves  corresponded c l o s e l y  (< 15 min 
d i f f e r e n c e )  with t h e  d e t e c t i o n  of w a t e r  by 
t h e  wetness sensors .  

There w a s  l i t t l e  d i f f e r e n c e  i n  dew 
dura t ion  i n  maize p l o t s  with d i f f e r e n t  
populat ion d e n s i t i e s  (Table 2 ) .  The t i m e  of 
dew formation i n  t h e s e  p l o t s  d i f f e r e d  by less 
than 1 2  min i n  1 4  of 15 per iods  s tud ied .  The 
average dura t ion  of t h e  15 measured dew 

Table 1. Influence of p lan t  spacing i n  t h e  row on b l igh t  sever i ty  i n  maize inoculated and noninoculated 
with Phyllosticta mydis 

Treatment 

Leaf area blighted ( % )  

Plant  spacing (cm) 
Distance of leaf  
above ground ( c m )  18 23 28 36 

8.8f5.1 Inoculated 30-45 39.0f 3.7* 28.9k10.1 

Noninoculated 30-45 39.2t28.2 2.3f 0.8 3.2f1.4 4.2f2.8 

Inoculated 105-120 1.3f 0.4 1.4f 0.2 1.3f0.3 1.4f0.1 

Noninoculated 105-120 0.2t 0.3 0.1k 0.1 0.2f0.2 0 .If0 .2 

10.4f5.1 

* Standard deviat ion.  
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Table 2. Eight representative periods of dew duration 
in canopies of maize plants spaced at 
different intervals in the row 

Dew duration (mid 

Plant spacing (cm) 
Date of dew 
period 18 23 36 

August 
14-15 777 761 774 

16-17 726 766 739 

20-21 750 753 771 

21-22 754 766 7 94 

23 343 355 365 

27-28 694 715 755 

28-29 693 714 730 

31 310 282 266 

per iods  i n  t h e  p l o t s  also d i f f e r e d  by less 
than 12  min. However i n  11 o f  t h e  15 dew 
per iods ,  wetness d u r a t i o n s  i n  p l o t s  with 
p l a n t s  spaced a t  36 cm i n t e r v a l s  averaged 19 
and 2 4  min longer  than i n  those  with p l a n t s  
spaced a t  23 and 18 c m  i n t e r v a l s ,  
res pe c t i v e  l y  . S l i g h t l y  lower minimum 
temperatures  i n  the  l o w e r  populat ion p l o t s  
had r e s u l t e d  i n  more dew depos i t ion  t o  be 
evaporated i n  t h e  morning. Observations with 
a hand l e n s  i n d i c a t e d  t h a t  t h e  times of  dew 
appearance and disappearance on leaves  
l o c a t e d  30-45 c m  and a t  105-120 c m  above 
ground d i f f e r e d  by less than 30 min. Dew 
disappeared 30-60 min ear l ier  from leaves  i n  
t h e  upper canopy than  from those  i n  t h e  mid- 
and lower canopy. 

Yellow l e a f  b l i g h t  was s t r i k i n g l y  more 
severe  i n  maize c u l t u r e d  with zero t i l l a g e  
than with conventional  t i l l a g e  (Table 3 ) .  
With ze ro  t i l l a g e ,  b l i g h t  s e v e r i t y  w a s  
g r e a t e r  where t h e  previous crop w a s  ha rves ted  
f o r  g ra in  than f o r  s i l a g e .  Disease s e v e r i t y  
was c o r r e l a t e d  with t h e  amount of maize 
res idues  remaining on t h e  so i l  s u r f a c e  from 
previous growing seasons. 

I s o l a t e s  o f  2. maydis c o l l e c t e d  from each 
of  t h e  p l o t s  and the  i s o l a t e  used f o r  
i n o c u l a t i n g  t h e  p l o t s  with d i f f e r i n g  pLant 
populat ion d e n s i t i e s  showed s i m i l a r  v i r u l e n c e  
on maize var. 'Funks G-43'. 

Discussion 
The g r e a t e r  s e v e r i t y  of yellow l e a f  

b l i g h t  i n  maize grown a t  high than  a t  low 
populat ion d e n s i t i e s  appears r e l a t e d  t o  
f a c t o r s  o t h e r  than temperature and dew 
dura t ion .  Temperatures found i n  t h e  
d i f f e r e n t  populat ion d e n s i t y  p l o t s  were 
notably similar. G i l l e s p i e  and King ( 4 )  
measured temperatures  i n  t h e  corn canopy and 
found t h a t  temperatures  a t  30 c m  above ground 
w e r e  less than 0.3OC h igher  than a t  130 c m  
dur ing  n i g n t s  with s t r o n g  temperature 
invers ion  and heavy dew. Thus i n  t h e  
populat ion d e n s i t y  p l o t s  it i s  u n l i k e l y  t h a t  
important  temperature d i f f e r e n c e s  e x i s t e d  
between t h e  30-45 c m  l e v e l ,  where d i s e a s e  w a s  
severe, and t h e  130 c m  l e v e l  where t h e  
temperature sensors  were loca ted  and d i s e a s e  
was mild. Because of t h e  close synchrony of  
dew appearance and disappearance i n  maize 
grown a t  var ious  populat ion d e n s i t i e s  t h e  
observed d i f f e r e n c e s  i n  b l i g h t  s e v e r i t y  a r e  
n o t  a t t r i b u t a b l e  t o  dew dura t ion  ( 2 ) .  Dew 
per iods  were measured la te  i n  t h e  growing 
season when a g r e a t e r  d i v e r s i t y  i n  dew 
dura t ion  i n  maize grown a t  d i f f e r i n g  
populat ion d e n s i t i e s  i s  expected than  earl ier  
i n  t n e  season when canopies are more oDen. 

S t r e s s  f a c t o r s  r e l a t e d  t o  i n t e n s i v e  
i n t e r p l a n t  competition may have cont r ibu ted  
t o  enhanced d i s e a s e  s e v e r i t y  i n  maize  grown 
a t  high populat ion d e n s i t i e s .  Marked 
symptoms i n d i c a t i v e  of n u t r i e n t  def icienc: ies  
developed i n  t h e  lower l eaves  of both 
inocula ted  and noninoculated p la i i t s  spaced a t  
18 c m  i n t e r v a l s  i n  t h e  row. Def ic ienc ies  o f  
less i n t e n s i t y  b u t  o f  s i g n i f i c a n c e  i n  hos t -  
p a r a s i t e  i n t e r a c t i o n s  may have e x i s t e d  i n  
p l a n t s  spaced a t  23 c m  i n t e r v a l s .  P. maydis 
is considered a weak p a r a s i t e  (3)  a n 3  appears  
t o  p r o l i f e r a t e  e x t e n s i v e l y  on maize leaves  
t h a t  a r e  phys io log ica l ly  weakened. 

Table 3. Effect of recent cropping history and tillage practices in maize on yellow leaf blight development 
from natural sources of inoculum, 1970 

Mean % leaf area blighted 

Distance (cm) of leaf lamina above ground 
- 

Tillage practice for - 
1969 crop maize in 1969 and 1970 30-45 105-120 180t - 
Sod Conventional 0.1 0.1 0.1 

Maize for grain Conventional 3.2f 0.9" 1.4f0.4 0.0 

Maize for grain Zero 56.4f12.8 11.6f3.7 0.6f.1 

Maize for silage Zero 27.2f 1.2 5.1f0.2 0.6f.l 

* Standard deviation. 



92 VOL.  52, N 0 . 3 ,  CAN. P L A N T  DIS. SURV. SEPTEMBER, 1972 

The c o r r e l a t i o n  of b l i g h t  s e v e r i t y  with 
maize  r e s i d u e s  remaining on t h e  s o i l  s u r f a c e  
confirms numerous f i e l d  observa t ions  and 
i n d i c a t e s  t h a t  t h e  development of severe  
d i s e a s e  may be dependent upon l a r g e  amounts 
o f  primary inoculum. This conclusion is  
supported by t h e  r e s t r i c t e d  secondary 
development of yellow l e a f  b l i g h t  t h a t  we 
have f requent ly  observed i n  p l a n t s  grown i n  
f i e l d  p l o t s  f r e e  from maize d e b r i s  and 
inocula ted  once with suspensions of P. maydis 
spores .  Repeated i n f e c t i o n s  from -inoculum 
der ived  from maize d e b r i s  may reduce h o s t  
resistance and allow g r e a t e r  p r o l i f e r a t i o n  of 
t h i s  weak p a r a s i t e  than  i n  p l a n t s  with fewer 
i n f e c t i o n s .  
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