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A COMPARISON OF T W O  SYSTEMIC FUNGICIDES WITH NON-SYSTEMICS 
FOR CONTROL OF FRUIT ROT AND POWDERY MILDEW IN STRAWBERRIES 

1 Jack A .  Freeman and H.S.  Pepin2 

Abst lr a c t 
Fungicide I991 (Du Pont) ,  a s y s t r m i c  fungicide, proved a s  effect ivr  as thr  nonsys-  

t e m i c s  captan, dichlofluanid and DAC 2787 for  p r e h a r v r s t  control  of gray  mold and pow- 
dPry mildew f r u i t  ro t  in 'Northwest '  s t r a w b e r r i e s .  A n o t h r  r sys temic ,  Bay 33172, and  
Du- Ter ,  a nonsys temic ,  gavr poor control .  The  addition of dimethyl  sulfoxide to captan 
d i d  not affect  the e f f icacy  of the fungicide.  130th s y s t e m i c  fungicides proved  l e s s  effect-  
ive than the nonsys temics  f o r  the c o n t r o l  c i f  pos tharves t  r o t .  Bay  33172 was  the l e a s t  
effect ive of t h e  f u n  g i c i d e  s. Fungicide I991 proved  m o r e  effect ive than sulfur  for  the 
cont ro l  of powdery mildew on s t r a w b e r r y  fol iage and provided e f fec t ive  control  of P O  s t -  
h a r v e s t  mildew up to 8 weeks  beyond the l a s t  spray .  The s a m e  r e s u 1 t was  o b  t a i n e  d 
whether  5 o r  7 s p r a y s  w e r e  applied. Bay 33172 proved  ineffective f o r  powdery m i l d e w  
control .  

Introduction 
In a prev ious  s t u d y, Fungicide 1991 ( 1  -butyl- 

ca rbamoyl )  -2-benzimidazole c a r b a m i c  acid,  methyl  
e s t e r ) ,  a s y s t e m i c  fungicide, showed considerable 
p r o m i s e  f o r  the cont ro l  of g r a y  mold  caused  b y  Bo- 
t r y t i s  c i n e r e a  P e r s .  e x  F r . ,  a n d p o w d e r y  m i l d e w  
caused  by Sphaero theca  m a c u l a r i s  ( W a l l r .  e x  Fr . )  
Magn. i n  s t r a w b e r r i e s  and r a s p b e r r i e s  (2). 

E x p e r i m e n t s  were conducted in 1968 with straw-  
b e r r i e s  to gain addit ional  information on the eff icacy 
of Fungicide 1991; to evaluate the s y s t e m i c  fungicide 
Bay  33172 [ 2(2-furyl)-benzimidazole]  a n d  the non- 
s y s t e m i c D u-T e r ( t r iphenylt inhydroxide) f o r  the 
cont ro l  of f r u i t  ro t  and powdery mildew in compar i -  
s o n  w i t h t h e  nonsys temics  captan, dichlofluanid, 
DAC 2787 (tetrachlorisophthalonitrile) and s u If u r: 
and  t o  de te rmine  w h e  t h e  r the addition of dimethyl  
sulfoxide to captan would i n c r e a s e  the e f f i c a c y of 
th i s  fungicide.  

P l a n t  Physiologist ,  R e s e a r c h  Station, Canada 
Depar tment  of Agriculture,  Apassiz,  B r i t  i s h Co- 
lumbia .  

P lan t  Pathologist ,  R e s e a r c h  Station, Canada 
B r i t  i s h Departmeli t  of Agriculture,  Vancouver 8, 

Columbia.  

Fungicide 1991 was  supplied b y D u p o n t  of  
Canada Ltd.  : Bay 33172, b y  Chemagro  L t d . ,  T o  r -  
onto: Du-Ter ,  by Green  C r o s s  Products ,  Montreal :  
and DAC 2787, by D i a m o n d  A l k a l i  Canada L t d . ,  
Toronto .  Fungicide 1991 is now known b y  the t rade  
name Benlate and the  ac t ive  ingredient  by the com-  
mon name benomyl.  

Methods 
_ - ~ ~ -  P r e h a r v e s t  and  pos tharves t  f r u i t  rot 

Abbots fordLLig  - Fungicide 199I3and Bay 33172 
w e r e  compared  with captan, DAC 2787, and  dichlo- 
f l u a n i  d f o r  control  of f ru i t  ro t  a t  the S m a l l  F r u i t s  
Substation, Abbotsford. A 2-year-old p l a n t i n g  of 
'Northwest '  s t r a w b e r r i e s  w a s  used in  th i s  trial. 
Dimethyl  sulfoxide (DMSO) was  a l s o  u s e d  with c a p -  
tan to d e t e r m i n e  i t s  effect  on the eff icacy of the 
fungicide. DMSO is a good solvent  f o r  m a n y  chemi-  
cals ,  and  i t  apparen t ly  a ids  in the i r  absorp t ion  a n d  
t rans loca t ion  in plants  (4) .  T h e  t r e a t m e n t  r a t e s  and  
t i m e s  of applicat ion a r e  l i s t e d  in  Table  1. The e x -  
p e r i m e n t  was  la id  out in a randomized  b lock  design 
with six rep l ica tes .  E a c h  plot  cons is ted  of a single 
30-foot row. The  p lo ts  w e r e  grown b y  the m a t t e  d 
row s y s t e m .  

The  c r o p  was  picked four t i m e s  between June 26 
and  July 9. Control  of p r e h a r v e s t  infection w a s  de-  
t e r m i n e d  by weighing infected, marke tab le ,  and  cull  
f r u i t  f r o m  each  plot. T h e  s i z e  index of sound f r u i t  
f r o m  each  plot w a s  determined a t  each  picking. The  
effect  of t r e a t m e n t  on pos tharves t  f r u i t  r o t  w a s  d e -  
t e r m i n e d  f r o m  a random sample  of a t  least 4 Ib of 
sound b e r r i e s  p'lcked on June 27, July 2, and  July 9 
f r o m  each  plot  in  each  rep l ica te .  T h e  b e r r y  sam- 
p l e s  w e r e  p laced  in common s t o r a g e  a t  Agass iz  and  
the percentage  of sound b e r r i e s was  recorded  24 
and 48 h r  a f t e r  h a r v e s t .  

Vancouver t r i a l  - A t r i a l  w a s  conducted a t  the 
Vancouver R e s e a r c h  Station to c o m p a r e  Fungicide 
1991 and Bay 33172 with captan and  Du-Ter f o r  t h e  
control  of p r e h a r v e s t  f r u i t  ro t .  The exper iment  w a s  
laid out in a completely randomized  design with four 
r e p l i c a t e s .  A plot  consisted of a s i n g l e  10-ft row 
with plants  grown b y  the m a t t e d  row s y s t e m .  F u n -  
gicide I991 a t  0 .  25 lb act ive ingredient/a  c r e ,  B a y  
33172 a t  0 . 5  lb a c t i v e  ingredient/acre,  captan a t  
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Table 1. Influence of sys temic  and nonsystemic fungicides on preharves t  and postharvest  
f ru i t  rot  of 'Northwest' s t rawberr ies  

Rate Increase 
(lb active Number Rotted Sound over Soundfruit(%)*** 

ingredient/ of fruit  fruit  unsprayed af ter  picking: 
Fungicide acre) sprays  * (lb/plot) (lb/plot) ('70) 24 h r  48 h r  

Unsprayed 
Fungicide 1991 
Fungicide 1991 
Bay 33172 
Bay 33172 
Dichlofluanid 
Dichlofluanid 
DAC 2787 
DAC 2187 
Captan 
Captan 
Captan t 4% DMSO 
Captan t 4% DMSO 

0. 25 
0 .  25 
0 . 5  
0 .5  
1 .0  
1.0 
1 . 5  
1 . 5  
1.5 
1 .5  
1 . 5  
1 . 5  

0 
5 
7 
5 
7 
5 
7 
5 
7 
5 
7 
5 
7 

6 . 3  a** 26.7 e 
3 .1  bc  35.4 ab 
3.8 b 35.9 ab 
5.7 a 32.6 bcd 
3.6 b 29.8 cde 
2 .3  c 35 .8  ab 
2 .2  c 3 8 . 3 a  
2 .3  c 33.7 abc  
2.5 bc  34.2 abc 
2.8 bc  37.4 ab 
3.4 bc  37.2 ab 
3.5 bc  34. 2 abc 
2.8 b c  35.3 ab 

0 90.5 49.4 
33 93.8  64.7 
35 94.0 65.4 
22 92.4 57. 5 
12 92. 1 58.4  
34 97.2 74.2  
44 96.4 79.8 
26 97.2 70. 7 
28 97.4 78.3  
40 95.8  74.6 
39 96.3 81.0 
28 94.5 67.6 
33 97.0 84.6 

Mean 3 .4  34.4 95.0 69.7 

S.E. Mean 0.42 1.45 

* Fungicide sprays  were  applied on May 8 ( f i r s t  bloom), May 17 (about full bloom), 
May 27, June 6 and June 17 ( las t  spray  before harves t ) .  P lants  receiving seven applica- 
tions were  a lso  sprayed on June 27 and Ju1.y 5. 

** Means not followed by the s ame  le t ter  a r e  significantly different a t  the 5% level 
(Duncan's Multiple Range Test). 

*** Mean of three  harves ts .  

1 .5  lb  a c t i v e  ingredient/acre, and Du-Ter a t  0.75 
lb  a c t i v e  ingredient/acre were  applied May 2.1 and 
31, June 10 and 21, and July 1. The crop was picked 
seven t imes  between June 13  and July 5. The num- 
b e r  and weight of sound f ru i t  was recorded a t  e a c h 
picking. In addition, the amount o f  b e r r y  infection 
was determined by counting the number of  be r r i e s  
affected by botrytis  ro t  and powdery mildew. These 
f igures  were  converted to a percentage of the t o t a l  
number of b e r r i e s .  Percentages  were transformed 
for  s ta t i s t ica l  analysis.  T h e  s ize  index was deter-  
mined on the ent i re  harvest .  

Pos tharves t  powdery mildew 

Fungicide 1991 and Bay 33172 w e  r e  compared 
with sulfur (Magnetic 6) fo r  the control of posthar-  
vest  p o w d e r y  mildew i n  a f ield tes t  at the Small  
F ru i t s  Substation, Abbotsford. A 2-year-old plant- 
i n g o t  ' N o r t h w e s t ' s t r a w b e r r i e s  was u s e d i n  this 
t r ia l .  The experiment was laid out in a randomized 
block design with three  replicates.  Each plot c o n -  
s is ted  of a single 30-foot row. 

P r e  h a  r v e  s t t rea tments  were  applied five o r  
seven t imes for  m i l d e w  a n d  g r a y  mold control. 
followed by e i ther  f o u r postharvest  t rea tments  for  
mildew control o r  no treatment.  P reha rves t  appli- 
c a t  i o n s were  made on May 8, 17, and 21, June 6 
and 17 ( f i v e  s p r a y s ) ,  a n d  o n  June 27 and July 5 
(seven sprays).  Pos tharves t  t rea tments  w e  r e  ap-  
plied August 8 and 22, a n d  S e p t e m b e r  5 and 19. 
Fungicide 1991 was applied a t  a ra te  of 0.  25 lb ac-  
tive ingredient/acre and Bay 33172 a t  0. 5 l b  active 
ingredient/acre and sulfur a t  3. 6 lb active ingredi- 
ent/acre.  

A random sample of 20 leaves was c o l l e  c t e  d 
f rom each plot in each replicate o n  A u g u s t  14 and 
28 and September 11 and 27 to determine t h e  p e r -  
centage of mildew infection. The total a r e a  of mi l -  
dew infection on each leaf was determined a s  a pe r-  
centage, which was a v e r a g e d fo r  each replicate.  
Percentages  were  transformed for  statist ical  analy- 
s i s .  
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Table 2. Influence of Fungicide 1991, Bay 33172, captan, and Du- 
T e r  o n  p r e h a r v e s t  f ru i t  rot  of 'Northwest '  s t r a w b e r r i e s  

Rate Increase  
(lb act ive Rotted Sound o v e r  

ingredient/  f ru i t  f r u i t  unsprayed  
Fungicide acre*) rating"': (1b /plo t) ( 70) 

~- ~~ 

Unsprayed 26.0 a*"* 6 .98  b 0 

Fungicide 1991 0 .25  9 . 9  b 10.87 a 56 

Bay  33172 0 . 5 0  2 7 . 3  a 8.60 ab 23 

Captan 1 . 5  1 2 . 2 b  10. 74 a 54 

Du-Ter 0.75 26 .1  a 8. 64 ab 24 

Mean 

S.E. Mean 

20 .3  9. 16 

1.60 0 . 9 3  

* Sprays  w e r e  applied on May 21 and 31, June 10 and 21, and 
July 1. 

** 
*** 

Arcs ine  t ransformat ions  of m e a n  percentages .  

Means  not followed b y  the s a m e  l e t t e r  are signif icantly dif- 
f e r e n t  a t  the 5% leve l  (Duncan's M'ultiple Range T e s t ) .  

Results and discussion 

F r o m  the r e s u l t s  of both the A b b o t  s f  o r d and  
Vancouver t r i a l s ,  Fungicide 1991 proved  a s  effect-  
ive as captan, dichlofluanid, and  DAC 2787 for  p r e -  
h a r v e s t  cont ro l  of f r u i t  r o t  (Tables 1 and,?). S imi la r  
r e s u l t s  w e r e  obtained in 1967 a t  A b b o t  s f o r d with 
r a s p b e r r i e s  ( 2 ) .  Bay 33172 and Du-Ter b o t h  gave 
a low leve l  of control .  The  a d d i t i o n  o f  DMSO to 
captan did not  af f e c t the eff icacy of the fungicide. 
Helton a n d  Kochan (3) ,  working with cy tospora  can-  
k e r  d i s e a s e  of p rune  t r e e s ,  found that  the e f fec t s  of 
DMSO v a r y  widely, s o m e t i m e s  enhancing the t h e r a-  
peut ic  e f fec t  of accompanying fungicides and  s o m e-  
t i m e s  aggrava t ing  the d i sease .  F r u i t  s i z e  w a s  not 
affected signif icantly b y  t rea tment ,  although t h e  r e  
w a s  a s l igh t  t r e n d  f o r  f r u i t  f r o m  p lo ts  s p r a y e d  with 
dichlofluanid and  Bay  33172 to b e  s m a l l e r  than f r u i t  
f r o m  o t h e r  p lo t s .  In prev ious  t e s t s ,  dichlofluanid 
has  c a u s e d  a signif icant  reduction in f r u i t  s ize  of 
both s t r a w b e r r i e s  and r a s p b e r r i e s  (1, 2). 

F ive  s p r a y s  appeared  a s  e f f e c t i v e  a s seven  
Seven s p r a y s  f o r  p r e h a  r v e  s t f r u i t  ro t  control .  

s p r a y s ,  espec ia l ly  of the nonsys temics ,  gave added 
pro tec t ion  aga ins t  p o s t h a r v e s t  r o t .  

Within 48 hours  a f t e r  p i c k i n g approximate ly  
half of the u n s p r a y e d b e r r i e s  had r o t t e d  (Table  1) .  
Both of the s y s t e m i c  fungicides proved  l e s s  effect ive 
than the nonsys temics  for  the cont ro l  of p o s t h a r v e s t  
ro t .  Bay  33172 was  t h e  l e a s t  effect ive.  In 1967, 
Fungicide 1991 tended to be  m o r e  effect ive for  p o s e  
h a r v e s t  f r u i t  r o t  control  in r a s p b e r r i e s  than e i t h e r  
c a p t a n ,  d ich lof luanidor  DAC 2787 (2). P e r h a p s  
Fungicide 1991 i s  absorbed  and t rans loca ted  m o r e  
efficiently in the r a s p b e r r y  plant  b e  c a u  s e of r e l a -  
t ively l a r g e  cane a r e a .  

) 

Fungicide 1991 proved  m o r e  effect ive than s u l -  
f u r  f o r  the cont ro l  of powdery mildew on s t r a w b e r r y  
foliage (Table 3). In prev ious ly  unsprayed  plots  two 
s p r a y s  of Fungicide 1991 applied A u  g u  s t 8 and 22 
significantly reduced  the mildew. To o b  t a i n  c o m-  
parab le  cont ro l  with sulfur ,  a t h i r d s p r a y  was  ne-  
c e s s a r y  on September  5. Similarly,  in 1967 s u l f u r  
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Tablc 3 .  Influcnc-c of Fungicidc 1991, Bay 33172, and sulfur  on control  of powdery m i l -  
drw o n  'Northwc-st '  s t rawbc r r i c s  

Rate Numba r 

s p  rays  ::: 
Powdery  mil&cw rating':'':' on: ( lb act ivc of - 

in g re  die nt/ 
F tin pi c I d r  a c r e )  F R  P M  Aug 14 Aug 28 Sept 11 Sept 27 

Unsprayed 
Fungicide 1991 
Fungicide 1991 
Fungicide 1991 
Fungicide 1991 
Fungicide 1991 
Bay  33172 
Bay 33172 
Bay 33172 
Bay 33172 
Bay 33172 
Sulfur 

Mean 

S.E. Mean 

0 .  25 
0 .  25 
0 .  25 
0 .  25 
0 .  25 
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
3. 6 

0 0  
5 4  
5 0  
7 4  
7 0  
0 4  
5 4  
5 0  
7 4  
7 0  
0 4  
0 4  

44. 9 ab:k::;>:; 
22:. 2 e 
27. 9 cde 
25. 1 cde 
24. 5 de 
37. 5 abcd  
35.0 bcde 
48. 6 ab 
37. 8 abcd  
49. 3 ab 
50. 6 a 
39. 5 abc  

36 .9  

4. 51 

54 .5  ab 
1 8 . 1  e 
40 .5  bcd  
2 1 . 7  e 
38. 3 cd 
29.7 de 
57 .3  a 
5 7 . 6  a 
46 .7  abc  
51. 3 a b c  
5 3 . 5  abc  
42.  8 abcd  

42. 7 

4. 68 

52. 1 a b c  
16 .4  f 
4 2 . 8  bcde 
19 .4  f 
39. 3 cde 
19 .4  f 
36.5 de 
5 7 . 6  a 
40. 7 cde 
56. 3 a b  
43. 7 abcd  
28.4 ef 

37 .7  

4 . 4 3  

47. 9 ab 
1 7 . 8  d 
48 .0  ab 
1 2 . 6  d 
47. 2 ab 
15 .1  d 
36.9 b c  
54 .6  a 
42. 5 a b  
49.0 a b  
3 7 . 4  b c  
26 .2  cd  

36. 3 

4.40 

123 

2~ F R  = f ru i t  ro t  s p r a y s ;  

F R  s p r a y s  w e r e  applied on May 8 ( f i r s t  bloom), May 17 (about  fu l l  bloom),  May 
27, June 6, June 17 ( las t  s p r a y  before  harves t ) ,  June 27 and  July 5. P M  s p r a y s  w e  r e  
applied on August 8 and  22, and September  5 and  19. 

P M  = powdery mi ldew s p r a y s  

** 
8** 

Arcs ine  t ransformat ions  of m e a n  percentages  of leaf sur face  affected. 

Means  not  followed by the s a m e  l e t t e r  (within column) a r e  signif icantly different  
a t  the 5% leve l  (Duncan's  Multiple Range T e s t ) .  

w a s  f o u n d  to be  l e s s  effect ive than Fungicide 1991 
for  mi ldew c o n t r o l  in s t r a w b e r r i e s  (2) .  In 1968, 
applicat ions of Fungicide 1991 f o r  f r u i t  r o t  control  
a l s o  provided  e f fec t ive  cont ro l  of p o s t h a r v e s t  mil- 
dew infection up to 8 weeks  a f t e r  s p r a y i n g  h a d  
c e a s e d .  T h i s  w a s  e q u a l l y  t r u e  whether 5 o r  7 
s p r a y s  had been applied.  Bay  33172 proved  ineffect- 
ive f o r  powdery mildew control .  
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