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A COMPARISON OF BENOMYL, THIOPHANATE-METHYL, AND CAPTAN FOR 
CONTROL OF STRAWBERRY FRUIT ROT' 

C.  0. Gourley 

Abstract 

Benomyl, thiophanate-methyl, and captan were t e s t e d  i n  a 2-year t r i a l  
t o  c o n t r o l  gray  mold f r u i t  r o t  caused by Bo t rv t i s  c ine rea  on t h e  s t rawberry  
c u l t i v a r s  Cavalier and Redcoat. A l l  t rea tments  increased  mean marketable 
y i e l d s  and t h e r e  w a s  l i t t l e  d i f f e r e n c e  among fungic ides  i n  t h e  c o n t r o l  of 
f r u i t  rot. The maximum b i o l o g i c a l  e f f ec t ivenes s  of benomyl and 
thiophanate-methyl  w a s  a t t a i n e d  wi th  1.68 kg/ha and 2.35 kg/ha, 
r e spec t ive ly ,  i n  3 sprays. 

Resum6 

Au cours d'une experience d e  deux ans,  on a e t u d i e  l e  comportement du 
benomyl, du methyl- thiophanate e t  du cap tane  con t r e  l a  moisissure g r i s e  
p rodu i t e  par B o t r v t i s  cinerea, s u r  des  c u l t i v a r s  de fraises Cavalier e t  
Redcoat. T o u s  l e s  t r a i t emen t s  o n t  augmente leS rendements 
commercial isables moyens e t  on n 'a  cons t a t e  que peu de  d i f f e r e n c e  
d ' e f f i c a c i t e  e n t r e  ces fongicides.  L ' e f f i c a c i t e  b io logique  maximale du 
benomyl e t  du methyl- thiophanate a ete obtenue aux doses de  1.68 kg/ha et 
2.35 kg/ha respectivement,  en trois pu lve r i s a t i ons .  

The s u c c e s s f u l  commercial production of 
s t r a w b e r r i e s  n e c e s s i t a t e s  a chemical  c o n t r o l  
of g ray  mold f r u i t  ro t  caused by B o t r y t i s  
c i n e r e a  Pers  . I n f e c t i o n s  occur mostly 
through t h e  blossoms and l a t e n t  i n f e c t i o n s  
o f t e n  become e s t a b l i s h e d  i n  t h e  f r u i t  ( J a r v i s  
1962, Powelson 1960). Carefu l  a t t e n t i o n  t o  
methods and t iming of fung ic ide  spray  
a p p l i c a t i o n s  improved t h e  c o n t r o l  of f r u i t  
rot (Bedard and Lechance 1970, Bennett 1972). 
s t rawberry  c u l t i v a r s  may d i f f e r  i n  t h e i r  
r e a c t i o n  to  fung ic ides  and those  chemicals  
t ha t  g ive  good c o n t r o l  of f r u i t  ro t  may n o t  
always i n c r e a s e  t h e  y i e l d  of marketable f r u i t  
(F'reeman 1966; Gourley 1963, 1968; Moore.& 
a l .  1965). Recently fung ic ides  possess ing  
sys temic  b i o l o g i c a l  e f f e c t i v e n e s s  have been 
eva lua t ed  a s  controls f o r  s t rawberry  f r u i t  
ro t  (Baltovski  1971 ; Bennett 1972; Borecka, 
Borecki  and Mi l l i kan  1973; Branas 1971; 
Freeman and Pepin 1967, 1968; Garofalo 1971; 
Muller  1971; Tapio 1972). 

The e f f e c t s  of benomyl, thiophanate-  
methyl, and captan  were s t u d i e d  on Caval ie r  
and Redcoat, two commercially impor tant  
c u l t i v a r s  i n  e a s t e r n  Canada. The r e s u l t s  o f  
a 2-year experiment of t h e  e f f i c a c y  and rate 
of a p p l i c a t i o n  of  t he se  fung ic ides  for  t h e  
c o n t r o l  of f r u i t  rot are r epo r t ed  i n  t h i s  
paper.  

k o n t r i b u t i o n  No.1511, Research S t a t i o n ,  
Agr i cu l tu re  Canada, Ken tv i l l e ,  Nova Sco t i a .  

Materials and methods 
The experimental  des ign  w a s  a four-  

r e p l i c a t e ,  randomized-block s p l i t  p l o t ,  with 
f i v e  fungic ide  t r ea tmen t s  and a c o n t r o l  a s  
t h e  main F l o t s  and t w o  s t rawberry  c u l t i v a r s  
as t h e  subp lo t s ,  A f t e r  h a r v e s t  of t h e  first 
f r u i t i n g  year t h e  p l o t s  were renovated by 
reducing  t h e  width of t h e  matted r o w s  from 
about 0.9 m t o  approximately 0.5 m w i th  a 
ro to t i l le r .  

The fungic ide  treatments were app l i ed  t o  
t h e  same p l o t s  i n  bo th  years.  The fung ic ides  
( a c t i v e  i ng red ien t )  and rate/2.25 k l  of water 
pe r  hec t a r e  and number of a p p l i c a t i o n s  were 
as follows: 

Proprietary Number of 
Fungicide product applications 

Benomyl, 560.4 g Benlate 50W 3 

784.6 g Cercobin-M 70W 3 

Benomyl, 560.4 g Benlate 50W 4 

784.6 g Cercobin-M 70W 4 

Captan, 3362.5 g Captan 50W 4 

Thiophanate-methyl, 

Thiophanate-methyl, 

Control - unsprayed 

A blanket  a p p l i c a t i o n  of endosulfan 
(Thiodan 4 EC) a t  t h e  ra te  0.5 l i t e r  i n  100 
l i t e r  water  was app l i ed  a g a i n s t  i n s e c t s  a t  

I 
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e a r l y  bloom and again  1 week later .  The 
f i r s t  fungic ide  sp rays  were app l i ed  i n  both 
yea r s  on 20 May a t  which time a few blossoms 
had opened. On p l o t s  r ece iv ing  t h r e e  and 
f o u r  app l i ca t ions ,  sprays  were appl ied  a t  12- 
and 10-day i n t e r v a l s ,  r e spec t ive ly ,  i n  each 
of t h e  2 years .  

There were seven pickings i n  1972 and s i x  
i n  1973, beginning on 28 June and 27 June, 
r e s p e c t i v e l y .  Yields were recorded by weight 
and converted t o  metric tons/ha on t h e  b a s i s  
t h a t  each f r u i t i n g  bed covered an a r e a  of 
5.57 m2. A l l  f r u i t ,  i nc lud ing  r o t t e n  
b e r r i e s ,  were harves ted  from each c u l t i v a r  i n  
each p l o t .  The weight  of sound f r u i t  was 
recorded a s  marketable y i e l d  and t h a t  of 
i n f e c t e d  f r u i t  as p reha rves t  f r u i t  rot. 

The e f f e c t  of fung ic ide  t rea tment  on 
f r u i t  s i z e  was determined a t  each p icking  by weighing 25 sound f r u i t  from each c u l t i v a r  i n  
each p l o t .  

g r e a t e s t  y i e l d s  occurred with t h r e e  s p r a y s  of 
benomyl or  thiophanate-methyl, but  t h e s e  
y i e l d s  were no t  s i g n i f i c a n t l y  g r e a t e r  than  
those  from p l o t s  which r ece ived  four 
a p p l i c a t i o n s  of t h e s e  same fungic ides .  I n  
England, Bennett  (1972) concluded t h a t  
benomyl a t  1.68 kg a. i . /ha/season i n  3 o r  4 
a p p l i c a t i o n s  gave s a t i s f a c t o r y  c o n t r o l  of 
f r u i t  rot  i n  Cambridge Favour i t e  
s t r awber r i e s .  Here t h e  maximum b i o l o g i c a l  
e f f ec t ivenes s  of benomyl and thiophanate-  
methyl was reached with 3 sp rays  of t h e  
fungic ides .  

A l l  f ung ic ides  s i g n i f i c a n t l y  reduced t h e  
amount of f r u i t  rot  and t h e r e  w e r e  no 
d i f f e r e n c e s  among fung ic ides  (Table 2). I n  
1973 t h e  amount of f r u i t  r o t  w a s  
S i g n i f i c a n t l y  g r e a t e r  t h a n  i n  1972 on ly  on 
unsprayed p l o t s  of c a v a l i e r .  

Table 1. Marketable yields in metric tons/ha 

Cavalier Redcoat 
Fungicide and number 
o f applications 1972 1973  Mean 1972 1973  Mean 

Benomyl ( 3 )  

Thiophanate-methyl ( 3 )  

Benomyl ( 4 )  

Thiophanate-metdyl ( 4 )  

Captan ( 4 )  

Control 

L.S.D. years (P .01) 

( P  . 0 5 )  

* 
14.4  22.3  18 .4  a 

1 3 . 9  21 .1  1 7 . 5  ab 

1 3 . 1  1 9 . 4  1 6 . 2  ab 

1 3 . 9  20.3  1 7 . 1  ab 

12 .2  18.1 1 5 . 2  b 

8 . 3  1 1 . 6  9.9 c 

5.5 

3.9 

17.4  21.5  1 9 . 5  a 

1 6 . 5  22.3  1 9 . 4  a 

1 6 . 5  2 0 . 1  18.4  a 

1 6 . 8  20.3  18 .6  a 

15 .0  1 9 . 5  1.7.3 a 

1 3 . 3  14.2  1.3.7 b 

4 .4  

3 .1  

* 
Figures followed by the same letter do not differ significantly 

at the 5% level (Duncan's Multiple Range Test). 

Results and discussion 
A 1 1  fungic ide  t r ea tmen t s  s i g n i f i c a n t l y  

increased  t h e  mean marketable y i e l d s  of 
Caval ie r  and Redcoat (Table 1 ) .  A 
s i q n i  f i c a n t  d i f f e r ence  between fungic ide  
t r ea tmen t s  occured only on Caval ie r  where 
p l o t s  t h a t  had rece ived  t h r e e  a p p l i c a t i o n s  of 
benomyl produced g r e a t e r  marketable y i e l d s  
t han  p l o t s  sprayed with captan.  I n  1973 
y i e l d s  of Cava l i e r  w e r e  s i g n i f i c a n t l y  g r e a t e r  
than those  i n  1972 f o r  a l l  t rea tments ,  
whereas y i e l d s  of Redcoat were s i g n i f i c a n t l y  
g r e a t e r  i n  t h e  second yea r  t han  i n  t he  f i r s t  
year only f o r  t h o s e  t rea tments  which rece ived  
captan or  t h r e e  sprays  of benomyl o r  
thiophanate-methyl. For both c u l t i v a r s  t h e  

Strawberry c u l t i v a r s  d i f f e r  g r e a t l y  i n  
t h e i r  s u s c e p t i b i l i t y  t o  f r u i t  r o t  (Daubeny 
and Pepin 1973) . I n  a t r i a l  conducted a t  
Vineland S ta t i on ,  Ontar io ,  f o r  s u s c e p t i b i l i t y  
t o  b o t r y t i s  f r u i t  ro t ,  t h e  c u l t i v a r  Redcoat 
was r a t e d  8 i n  a numerical range where 0 = 
r e s i s t a n t  t o  5 = very  s u s c e p t i b l e  (C. L. 
Ricketson, unpublished d a t a ) .  I n  1972 a t  
Ken tv i l l e ,  Redcoat had more B o t r y t i s  
i n f e c t i o n  on blossoms and peduncles t h a n  any 
of t h e  o t h e r  13 c u l t i v a r s  and s e l e c t i o n s  
examined (D. L. Craig,  unpublished d a t a ) .  I n  
t h i s  experiment t h e  d i f f e r e n c e  i n  y i e l d  
between t r e a t e d  and non- trea ted  plots may 
have been due p a r t l y  t o  the  l o s s  of blossoms 
and peduncles p r i o r  t o  ha rves t .  
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F ungicide s s i g n i  f i c a  n t l  y increased t h e  
mean f r u i t  s i z e  on Redcoat but  n o t  on 
Caval ier  (Table 3 ) .  On Redcoat t h e  mean 
weiqht of 25 f r u i t  f o r  t h r e e  sprays  of 
benomyl was s i g n i f i c a n t l y  g r e a t e r  than t h a t  
f o r  f o u r  sprays  of t h e  same fungicide.  F r u i t  
s i z e  of  both c u l t i v a r s  was s i g n i f i c a n t l y  
g r e a t e r  i n  t h e  f i r s t  than  i n  t h e  second crop 
year f o r  a l l  treatments which may have been 
t h e  r e s u l t  of a heavier  set of f r u i t  t h e  
second year .  

I n  England benomyl w a s  phytotoxic t o  
calyxes of Cambridge Favour i te  s t r awber r i e s ,  
and t h e  amount of malformed f r u i t  on Royal 
Sovereign was r e l a t e d  t o  t h e  dosage of 
fungic ide  app l i ed  per ha per season (Bennett 

1969, 1972) . I n  t h i s  experiment t h e r e  was no 
v i s i b l e  evidence of phy to tox ic i ty  from any of 
t h e  fungic ides  on e i t h e r  Caval ier  or Redcoat. 
The maximum b i o l o g i c a l  e f f ec t iveness  of 
benomyl and thiophanate-methyl was a t t a i n e d  
with 1.68 kg and 2 .35  kg, r e spec t ive ly ,  of 
fungic ide  was app l i ed  pe r  ha per season. 
when a g r e a t e r  dosage of e i t h e r  fungic ide  was 
used y i e l d s  were reduced and, al though t h i s  
e f f e c t  was not  s i g n i f i c a n t ,  it was g r e a t e s t  
i n  t h e  second crop year f o r  both c u l t i v a r s .  

S t r a i n s  of B. c i n e r e a  have evolved which 
a r e  t o l e r a n t  of a l l  benzimidazole compounds 
inc luding benomyl and th iophanate  - me t h  y 1 
(Norman 1973, Watson and Koons 1973) .  Also 

w i t h  t hese  compounds there appears t o  be less 
decay o f  deb r i s  i n  p l a n t  rows (Norman 1973) 

Table 2. Pre-harvest fruit rot in metric tons/ha 

Cavalier Redcoat 
Fungicide and number 
of applications 1972 1973 Mean 1972 1973 Mean 

* 
Benomyl ( 3 )  1.8 2.1 2.0 a 1.5 2.1 1.8 a 

Thiophanate-methyl (3) 2.6 2.6 2.6 a 1.8 1.8 1.8 a 

Benomyl (4) 2.5 3.0 2.8 a 1.4 2.0 1.7 a 

Thiophanate-methyl (4) 2.8 3.0 2.9 a 1.6 2.2 1.9 a 

Captan (4) 1.9 2.2 2.0 a 1.8 2.3 2.0 a 

Control 3.2 5.5 4.4 b 2.7 3.7 3.2 b 

L.S.D. years (P .01) 1.7 NS 

(P .05) 1.2 1.02 

* 
Figures followed by the same letter do not differ significantly 

at the 5% level (Duncan's Multiple Range Test). 

Table 3 .  Weight in grams of 25 ripe strawberry fruit 

Cavalier Redcoat 
Fungicide and number 
of applications 1972 1973 Mean 1972 1973 Mean 

Benomyl (3) 214 194 204 a 255 212 233 a 

242 214 228 ab Thiophanate-methyl (3) 214 204 209 a 

Benomyl (4) 221 196 208 a 239 210 224 b 

Thiophanate-methyl (4) 227 195 211 a 243 217 230 ab 

Captan (4) 208 191 199 a 245 215 230 ab 

Control 212 202 207 a 231 196 214 c 

L.S.D. years (P .01) 11 14 

* 

(P .05) 8 

* 
Figures followed by the same letter do not differ significantly at 

the 5% level (Duncan's Multiple Range Test). 

! 
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which c r e a t e s  a p o t e n t i a l  f o r  massive 
production of inoculum. In  t h i s  experiment 
t h e r e  w a s  a p o t e n t i a l  f o r  greater inoculum 
production i n  t h e  s p r i n g  of t h e  second crop 
year because it was observed t h a t  t h e  d e b r i s  
and overwintered l e a v e s  c a r r i e d  an enormous 
r e s i d u a l  i n f e c t i o n  of B. cinerea.  

Fol iage  d i seases  were no t  observed on any 
o f  t h e  fungic ide  t r e a t e d  p l o t s  and l ea f  
scorch,  caused by t h e  fungus Diplocarpon 
e a r l i a n a  ( E l l .  E Ev.) Wolfe, w a s  t h e  only 
f o l i a r  d i sease  t h a t  occurred on unsprayed 
p lants .  

cond i t ions  were i d e a l  f o r  t h e  development 
of gray mold f r u i t  ro t  of s t r awber r i e s  when, 
co inc iden t ly  i n  bo th  years,  r a i n  f e l l  on 11 
days dur ing  t h e  spray seasons, 28 May to  28 
June, and on 6 days over t h e  ha rves t  per iods ,  
27 June t o  17 July .  

Benomyl a t  1.68 kg/ha and thiophanate-  
methyl a t  2.35 kg/ha per season i n  3 sprays  
beginning when t h e  f i r s t  blossom opened gave 
s a t i s f a c t o r y  c o n t r o l  of  f r u i t  rot.  
Inc reas ing  t h e  number of  sprays  or  t h e  amount 
of  fungic ide  appl ied  pe r  ha per season d i d  
no t  enhance t h e  c o n t r o l  of f r u i t  rot or 
i n c r e a s e  y i e l d s  of t h e  s t rawberry  c u l t i v a r s  
c a v a l i e r  and Redcoat. 
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