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FURTHER OBSERVATIONS ON THE EFFECTS OF ORCHARD 

FUNGICIDES ON STORED MclNTOSH APPLES' 

R.G. Ross and C.A. Eaves 

Abstract 

Sprays of cap tan ,  dodine,  d ich lone  and phenylmercuric a c e t a t e  were 
a p p l i e d  t o  McIntosh app les  i n  two tests of 4- and 5-years dura t ion .  A f t e r  
170 days s t o r a g e ,  f r u i t  sprayed wi th  phenylmercuric a c e t a t e  had a h i g h e r  
a c i d  con ten t  than  f r u i t  sprayed with o t h e r  fung ic ides .  There w e r e  no 
d i f f e r e n c e s  among fung ic ide  t r e a t m e n t s  i n  f r u i t  f i rmness  o r  s u g a r  con ten t .  
The b e s t  c o n t r o l  of  s t o r a g e  scab  caused by Ventur ia  i n a e q u a l i s  w a s  ob ta ined  
wi th  dodine and t h e  b e s t  c o n t r o l  of Gloeosporium album r o t  with captan.  

Introduction 

Fungicides  have u s u a l l y  been t e s t e d  on 
a p p l e s  t o  c o n t r o l  d i s e a s e s  i n  t h e  o rchard  and 
t h o s e  t h a t  develop i n  s t o r a g e .  However, 
l i t t l e  a t t e n t i o n  h a s  been given t o  t h e i r  
e f f e c t s  on q u a l i t y  of s t o r e d  f r u i t .  Eaves e t  
a l .  ( 3 )  found t h a t  s t o r e d  McIntosh app les  
from trees sprayed wi th  phenylmercuric 
a c e t a t e  (PMA) had h i g h e r  ac id '  con ten t s  than  
d i d  f r u i t  r e c e i v i n g  o t h e r  fungicides .  They 
d i d  n o t  o b t a i n  d i f f e r e n c e s  i n  f r u i t  f i rmness  
wi th  t h e  f i v e  fung ic ides  used. Ea r l i e r  
s t u d i e s  showed t h a t  some fung ic ides  i n c r e a s e d  
t h e  s u g a r  con ten t  of app les  ( 6 ) .  Garman e t  
a l .  (5 )  i n  a comparison of s e v e r a l  p e s t i c i d e s  
r e p o r t e d  a lower a c i d  c o n t e n t  i n  f r e s h  f r u i t  
r e c e i v i n g  dichlone- lead a r s e n a t e  s p r a y s  whi le  
captan- lead a r s e n a t e  s p r a y s  tended t o  
i n c r e a s e  t h e  a c i d  con ten t .  They a l s o  found 
t h a t  app les  sprayed wi th  glyodin had a h igher  
s u g a r  con ten t  than  app les  sprayed wi th  o t h e r  
fung ic ides .  

Resu l t s  of two tests ,  from 1959 t o  1962 
and from 1964 t o  1968, on t h e  long- term 
e f f e c t s  of f u n g i c i d e s  on t h e  performance of 
mature McIntosh apple  trees have a l ready  been 
pub l i shed  ( 7 ,  9 ) .  This  paper  p rov ides  
a d d i t i o n a l  in format ion  f rom t h e s e  t v o  t e s t s  
on t h e  e f f e c t s  of t h e s e  fung ic ides  on s t o r a g e  
rots and s t o r a g e  scab ,  a c i d i t y ,  f i rmness ,  and 
s u g a r  c o n t e n t  of  s t o r e d  McIntosh apples .  

Materials and methods 

The McIntosh apples  used w e r e  t r e a t e d  as 
d e s c r i b e d  i n  p rev ious  p u b l i c a t i o n s  ( 7 ,  9 ) .  
The t r e a t m e n t s  and rates of a p p l i c a t i o n  p e r  
100 g a l l o n s  of water a r e  l i s t e d  i n  Table 1. 

Treatments w e r e  randomized and a p p l i e d  t o  
p l o t s ,  each c o n s i s t i n g  of  a row of  s i x  trees, 
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i n  each of 4 blocks.  Eight  t o  10 s p r a y s ,  
c o n s i s t i n g  of about  an equa l  number of 
precover  and cover  sp rays ,  were a p p l i e d  each 
year .  A t  h a r v e s t  1 bushe l  of  f r u i t  obviously 
f r e e  of app le  scab and i n s e c t  i n j u r i e s  w a s  
p icked a t  random from a tree i n  each p l o t ,  
s t o r e d  immediately a t  0 C,  and removed f o r  
examination a f t e r  about  170 days. The number 
of f r u i t  showing s t o r a g e  scab  caused by 
Ventur ia  i n a e q u a l i s  (Cke.) Wint. and r o t  w a s  
recorded and t h e  cause of each r o t  was 
i d e n t i f i e d  from funga l  f r u i t i n g  s t r u c t u r e s  on 
t h e  r o t t e d  a r e a s ,  o r  a f t e r  i s o l a t i o n  on an 
a g a r  medium. Ten app les  from each sample 
w e r e  t e s t e d  f o r  ha rdness  wi th  a ilagness- 
Tay lor  p r e s s u r e  tester.  T i t r a t a b l e  a c i d i t y  
was determined as before  ( 4 )  and p e r c e n t  
s o l u b l e  s o l i d  was ob ta ined  with a 
r e f r a c t o m e t e r  and expressed  a s  sucrose.  
Duncan's N u l t i p l e  Range T e s t  ( 2 )  was used t o  
test f o r  s i g n i f i c a n t  d i f f e r e n c e s .  

Results and discussion 

I n  two tests on t h e  e f f e c t s  of f u n g i c i d a l  
s p r a y s  on s t o r e d  McIntosh app les  t h e r e  w e r e  
no s i g n i f i c a n t  d i f f e r e n c e s  between t rea tments  
i n  f i rmness  of f r u i t  o r  i n  f r u i t  sugar  
con ten t .  No d i f f e r e n c e s  i n  f i rmness  of f r u i t '  
were ob ta ined  i n  an e a r l i e r  test  ( 3 )  which 
included t w o  of t h e  f u n g i c i d e s ,  PbIA and 
cap tan ,  used here .  In  t h e  1959-1962 
experiment t h e  a c i d  c o n t e n t  of app les  sprayed 
wi th  t h e  PMA-captan schedule  was 
s i g n i f i c a n t l y  h i g h e r  (P <0.01) than  t h a t  of  
app les  r e c e i v i n g  t h e  o t h e r  t r ea tments  (Table 
2 ) :  This  confirms e a r l i e r  f i n d i n g s  ( 3 )  i n  
which it w a s  shown t h a t  precover  s p r a y s  of 
PMA were a s s o c i a t e d  wi th  a high a c i d  c o n t e n t  
of t h e  f r u i t .  With t h e  o t h e r  f u n g i c i d e s ,  
captan,  dodine, and d ich lone ,  t h e  a c i d  
con ten t  d i d  n o t  d i f f e r  i n  t h e  tests beginning 
i n  1959 and 1964. Garman e t  a l .  (5)  found 
t h a t  app les  sprayed w i t h  dichlone- lead 
a r s e n a t e  had a lower a c i d  c o n t e n t ,  and f r u i t  
sprayed wi th  captan tended t o  be more a c i d  
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Table 1. Fungicide treatments applied t o  McIntosh apple trees i n  precover 
and cover sprays during 1959-62 and 1964-68 

* Chemical R a t e  ( l b  formulation/lOO ga l  water) 
Treatment name Precover Cover 

1959-62 

Captan 50-W 

Cyprex 65-W 

Phygon XL 

Erad - Captan 50-W 

1964-68 

Captan 50-W 

Cyprex 65-W 

Phygon XL - 

Captan 50-W - 
Captan 50-W 

Phygon XL 

captan 50% 2.0 

dodine 65% 0.75 

dichlone 50% 0.5 

PMA' 10% 
captan 50% 

captan 50% 

dodine 65% 

dichlone 50% 
captan 50% 

captan 50% 
dichlone 50% 

0.5 p i n t  
0.0 

2.0 

0.5 

0.5 
0.0 

2.0 
0.0 

1.5 

0.75 

0.25 

0.0 
1.5 

1.5 

0.5 

0.0 
1.5 

0.0 
0.25 

* 
Sources of fungicides: S tauf fe r  Chemical Co., New York, N . Y .  

(Captan 50-W) ; Cyanamid of Canada Ltd., Rexdale, Ont. (Cyprex 65-W) : 
Naugatuck Chemicals, Elmira, Ont. (Phygon XL) ;  Green Cross Products, 
Montreal, Que. (Erad Eradicant Fungicide). 

' PMA = phenylmercuric ace ta te  (Hg equivalent of formulation, 6 % ) .  

Table 2. Effect  of orchard fungicidal  sprays on the 
acid content of McIntosh apples stored a t  
0 C for  170 days 

Malic acid ( % )  

* 
Fungicide 1959 1960 1961 1962 Mean 

Dodine 0.29 0.39 0.33 0.34 0.34 a 

Captan 0.33 0.38 0.30 0.33 0.33 a 

Dichlone 0.32 0.41 0.37 0.33 0.36 a 

PMA - captan 0.35 0.47 0.43 0.41 0.42 b 

Table 3. Percentage of apple f r u i t s  affected 
by storage scab following preharvest  
treatment with fungicides and storage 
a t  0 C fo r  170 days 

* 
Fungicide 1959 1961 1962 Mean 

Dodine 0.2 1 . 7  0.3 0.7 a 

Captan 19.0 19.9 5.6 14.8 b 

Dichlone 46.6 19.5 16.4 27.5 b 

PMA - captan 15.6 6.2 0.7 7.5 b 

* 
Numbers followed by the  same l e t t e r  do not 

d i f f e r  s ign i f ican t ly  a t  the 1% leve l .  

* 
Numbers followed by the  same l e t t e r  do 

not d i f f e r  s ign i f ican t ly  a t  the 1% leve l .  

than apples  rece iv ing  o t h e r  fungicides.  

Storage scab  appeared only on t h e  1959, 
1961, and 1962 crops and c o n t r o l  with dodine 
w a s  s i g n i f i c a n t l y  b e t t e r  ( P  <0.01) than t h a t  
with t h e  o t h e r  fungic ides  (Table 3 ) .  The 
incidence of e a r l y  and la te  scab i n  t h e  
o rchard  f o r  t h e s e  years  has a l ready  been 
repor ted  ( 9 ) .  There w a s  a p o s i t i v e  
c o r r e l a t i o n  between t h e  amount of la te  scab 
i n  t h e  orchard and t h a t  i n  s to rage .  I n  a 
previous test ( 8 )  cover sprays  of dodine a t  
t h e  rate of 0.75 l b  of 651 formulat ion p e r  
100 g a l  were e f f e c t i v e  i n  prevent ing s t o r a g e  
scab b u t  sprays  a t  a 0 .5  l b  r a t e  were 

r e l a t i v e l y  i n e f f e c t i v e .  That tes t ,  which 
showed t h a t  regu la r  cover sprays  of dichlone 
and captan d i d  n o t  give good c o n t r o l  of 
s t o r a g e  scab,  agrees  with t h e  r e s u l t s  i n  
Table 3. 

Rots i n  s t o r a g e  w e r e  caused almost 
e n t i r e l y  by Penic i l l ium spp., Gloeosporium 
album Osterw-tr t i s  c i n e r e a  Pers .  
m s e s  of t h e  d a t a  on Eota l  fungal' rots 
showed no s i g n i f i c a n t  d i f f e r e n c e s  among 
treatments .  However, i n  t h e  1959-1962 t e s t ,  
t h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  (P <0.05) 
between t rea tments  i n  rots caused by 5. album 
(Table 4 ) .  The f u l l  schedule of captan gave 
t h e  b e s t  c o n t r o l  followed by PMA with captan 
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T a b l e  4.  Percentage o f  app le  f r u i t s  a f f e c t e d  by o rchard  o r  t o  p h y s i o l o g i c a l  changes i n  t h e  
G l o e o s p o r i u m  a l b u m  i n  s t o r a g e  f o l l o y i n g  f r u i t  as i n d i c a t e d  by t h e  high a c i d  c o n t e n t  
p r e h a r v e s t  t r ea tmen t  w i th  fung ic ides ,  ( 3 ) .  Subsequent work (1)  has  shown t h a t  it 
1959-1962 i s  probably due t o  a reduc t ion  i n  tile 

inoculum. - 
Fungicide  1959 1960 1961 1962 Mean* 

Dodine 1.7 12.5  3.6 2.3 5.0 b 

Captan 1.2 3.2 2.2 0 .8  1.8 a 

Dichlone 3.2 10.6 4.5 2.3 5 .1  b 

PMA - cap tan  0.4 7.7 3.8 1.8 3.4 ab 

Numbers fol lowed by t h e  same let ter  d o  not  
d i f f e r  s i g n i f i c a n t l y  a t  the 5% l e v e l .  

Table  5 .  Pe rcen tage  o f  apple  f r u i t s  a f f e c t e d  by 
G l o e o s p o r i u m  a l b u m  i n  s t o r a g e  fol lowing 
p r e h a r v e s t  t r ea tmen t  wi th  fung ic ides ,  
1964-1968 

* 
Fungicide  1964 1965 1966 1967 1968 Mean 

cap tan  3.2 0.0 1.5 0.2 0.3 1 .0  a 

Dodine 5.6 1 .2  3.4 0.0 1 .3  2.3 a 

Diahlone - captan 3.4 0 .3  1 .7  1 .0  0 .1  1 . 3  a 

Captan - d ich lone  4.0 0 .2  1 .7  0.3 0 .6  1 .4  a 
- 

* 
Numbers fol lowed by the same let ter  do n o t  

d i f f e r  s i g n i f i c a n t l y  a t  t h e  1% l e v e l .  

i n  t h e  cover sprays.  From 1964 t o  1968 t h e  
d i f f e r e n c e s  among t r e a t m e n t s  w e r e  n o t  
s i g n i f i c a n t  f o r  G. album bu t  when captan w a s  
used i n  t h e  spray-scheaule, t h e  inc idence  of  
r o t t i n g  by t h i s  organism was less than with 
dodine (Table 5 ) .  Control  of  5. album 
probably accounted f o r  t h e  good c o n t r o n  
funga l  rots ob ta ined  wi th  PIGi and captan i n  
a p rev ious  test ( 3 ) .  In  iJova S c o t i a  5. album 
causes  t h e  only apple  s t o r a g e  rot of any 
s i g n i f i c a n c e  where i n f e c t i o n  occurs  whi le  
f r u i t  i s  on t h e  trees. I t  h a s  been suggested 
t h a t  c o n t r o l  wi th  PMA may be  due e i t h e r  t o  a 
r e d u c t i o n  i n  t h e  amount of  inoculum i n  t h e  
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