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EFFECT O F  PLANT TEMPERATURE:S ON DEVELOPMENT OF M O L D  
ON COLD-STORED STRAWBERRY PLANTS' 

C.L .  Lockhart' 

Abstract 

Strawberry  plant  t empera tures  and occur  rence of mold were o b s e r v e d  in s t r a w b e r r y  
s t o r a g e s  o v e r  a 5-year period. L o s s e s  clue to mold  were main ly  caused by a Typhula s p . ,  
with occas iona l  ou tbreaks  of Cylindrocarpon radicicola,  F u s a r i u m  sp .  and Sporo t r ichum 
s p .  L e s s  m o l d  developed o n  fal l-dug s t r a w b e r r y  plants  when they w e r e  cooled to -1 .1C 
within 15 days of digging and maintained at this t empera ture  for  the e n t i r e  s t o r a g e  period. 
Adequate a i r  movement  around s t o r a g e  c r a t e s  was essen t ia l  fo r  rap id  cooling. 

Introduction 
L o s s e s  of cold- stored s t r a w b e r r y  p l a n t s  d u e  

t o  mold  have been  r e p o r t e d  in Nova Scotia ( l ) ,  and 
i t  h a s  subsequently been  shown that  a psychrophil ic  
Typhula s p .  w a s  the  pathogen m o s t  f requent ly  invol- 
ved (2). 

This  p a p e r  r e p o r t s  on observa t ions  in c o m m e r -  
c i a l  s t o r a g e s  o v e r  a 5- year  per iod  of s t r a w b e r r y  
plant  t e m p e r a t u r e s  and l o s s e s  due to mold.  

Materials and methods 
F r o m  1963 to 1968, s t r a w b e r r y  plant  t e m p e r a-  

t u r e  s i n  four  c o m m e r c i a l  s t o r a g e s  in Nova Scotia 
w e r e  r e c o r d e d  at in te rva ls  of 1 to 4 weeks  d u r i n g  
each  year ly  s t o r a g e  p e r i o d  f r o m  November t o  May. 
P l a n t s  w e r e  n o r m a l l y  t ied in bundles of 25, with 
500-750 p lan ts  in  e a c h  polyethylene- lined c r a t e  (4). 
T e m p e r a t u r e s  w e r e  determined with a Tele- thermo-  
m e t e r  (Model  42 SC, Yellow-Spring Ins t rument  C 0. 
Inc. ,  Y e l l o w  Springs,  Ohio) b y  inser t ing  the  t e m-  
p e r a t u r e  p r o b e  into t h e  cen te r  of a c r a t e  of s t r a w-  
b e r r y  p lan ts .  T e m p e r a t u r e s  in 4 to 6 c r a t e s  s e l e c-  
t e d  at r a n d o m  in each  s t o r a g e  w e r e  r e c o r  d e d o n  
each  sampl ing  date.  Dates of digging and placing in 
s t o  r a g e w e r e  a l s o  recorded .  Observations w e r e  
m a d e  on t h e  o c c u r r e n c e  of mold  a t  e a c h  sampl ing  
d a t  e , . and  e s t i m a t e s  of l o s s e s  dur ing  s t o r a g e  w e r e  
obtained f r o m  t h e  growers .  

Results and discussion 
L o  s s e s due t o  m o l d  w e r e  main ly  caused  b y  a 

Typhula sp., with occas iona l  ou tbreaks  of Cylindro- 
c a r p o n  rad ic ico la  Wollenweber, F u s a r i u m  sp . ,  and  
Sporo t r ichum sp. C. rad ico la  a n d  F u s a r i u m  s p.  
a p p e a r e d  ,responsible f o r  the high l o s s e s  in s t o r a g e  
~ Q J "  in  1964-65, when 119 days w e r e  r e q u i r e d  to re- 
duce  plant  t e m p e r a t u r e s  t o  -1.1C (Table  1). 
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P l a n t  Pathologist .  

Sporo t r ichum sp .  developed on plants  in s t o r a g e  
"W" in 1965-66. Here s o m e  f r e s h l y  dug plants  w e r e  
s t o r e d  t e m p o r a r i l y  in polythylene- lined c r a t e s  with 
t h e  1 i n  e r lef t  open t o  s p e e d  cooling, and the plant  
t e m p e r a t u r e s  w e r e  reduced to -1 .1C i n 4  days.  
However, the plants  in the top l a y e r  of t h e  polyethy- 
lene- lined c r a t e s  b e c a m e  des icca ted  and overgrown 
with Sporo t r ichum.  T h i s o r g a n i s m  h a s  f requent ly  
been  found on plants  which had b e e n e x p o s  e d to 
f reez ing  t e m p e r a t u r e s .  

A s e r i o u s  ou tbreak  o f  Typhula in the 1966-67 
s t o r a g e  season  a p p e a r e d  to b e  a s s o c i a t e d  w i t h  the  
r a p  i d  filling of s t o r a g e s  and  the  s tack ing  of c r a t e s  
too c lose  to qne another,  thus prolonging t h e  t i m e  
r e q u i r e d  f o r  the  p lan ts  t o  reach  the  op t imum s t o r -  
a g e  t e m p e r a t u r e  of -1 .1C (4). T h e  l a r g e s t  l o s s e s  
o c c u r r e d  in  s t o r a g e s  flA" and  "C", which were f i l l ed  
with plants  f a s t e r  than i n  p r e v i  o u s y e a r s  and  in 
which adequate spacing f o r  air movement  a r o u n d 
each  c r a t e  was  not provided.  All l o s s e s  in s t o r a g e  
"W" o c c u r r e d  on p lan ts  s t o r e d  in sol id- side c r a t e s  
that  were s tacked  d i rec t ly  on top of one another ;  un- 
d e r  these  conditions, cooling f o r  75 days w a s  re-  
q u i r e d  f o r  all p lan ts  t o  r e a c h  -1.  1C. In cont ras t ,  
t h e  bulk of the p lan ts  in  s t o r a g e  "W" w e r e  s t o r e d  in 
p a r t l y  filled, s la t ted  c r a t e s  that  p e r m i t t e d  adequate 
air movement;  in t h e s e  c r a t e s  mold  did not  develop 
dur ing  the  16 days r e q u i r e d  to lower the  tempera ture  
to - 1 . 1 c .  

In 1967-68 l o s s e s  w e r e  lowest  when the a v e r a g e  
plant  t e m p e r a t u r e  f o r  the  e n t i r e  s t o r a g e  s e a s o n  w a s  
1 e s s than -1. OC and when all p lan ts  w e r e  cooled to 
-1.1C in  15 days o r  l e s s  (Table 1) .  C o o l i n g  w a s  
m o s t  rap id  in all s t o r a g e s  when s t a c k s  w e r e  spaced  
2 t o  4 inches a p a r t  and air s p a c e s  of 1 inch o r  m o r e  
w e r e  lef t  between c r a t e s  in each  s tack .  

Development of mold  on p lan ts  was  usually a s -  
soc ia ted  w i t  h conditions that  extended the  cooling- 
down p e r i o d  over  15-20 days, although, in s o m e  in- 
s tances ,  l i t t le  o r  no m o l d  developed on p lan ts  that  
r e q u i r e d  69 d a y s  t o  cool  to -1.1C. Mold develop- 
m e n t  was  not assoc ia ted  with dateof digging. P l a n t s  
dug in mid-November,  when p lan ts  a re  n o  r m a 11 y 
hardened  off, s t o r e d  as wel l  a s  those  dug in  e a r 1 y 
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Table 1. L o  s s e s of s t r a w b e r r y  p lan ts  f r o m  mold  dur ing  v a r i o u s  cooling per iods  and 6 
months 'cold s torage  

Days required to 
reduce plant tem- L o s s e s  

Average plant  pera ture  to -1.1C of due to 
tempe r a tu  re  s F i r s t  All  p lan ts  mold  

Number  

Y e a r *  S to r a ge ( C) p lan ts  plants  s t o r e d  (%I 

19 63 -64 C 
W 
J 

1964-65 C 
W 
J 

1965-66 C 
W 

1966-67 C 
W 
A 

1967-68 C 
w 
A 

-0.71 
-1.04 
-0.99 

-0.88 
- 1.09 
-0.75 

-1.00 
-1.10 

-0.90 
-1.02 
-0.90 

- 1.03 
- 1.08 
-1.06 

22 47 
25 5 3  
22 88 

23 60 
10 37 
5 3  119 

51 69 
4*  45 

16 5 3  
16 75 
16 75 

15 15 
11 14 
14 1 4  

97,000 

43,000 
692,000 

85,000 
700,000 

43,000 

200,000 
1,000,000 

269,000 
850,000 
155,000 

60,000 
100,000 

22,000 

<o. 1 
1 . 5  
5 . 0  

0 . 1  
0 . 6  

25.0 

0 . 1  
3 . 3  

26.4 
5 . 8  

11.0 

0 . 1  
1 . 1  
0 .0  

* November to May 

* P l a n t s  w e r e  s t o r e d  loosely in polyethylene- lined c r a t e s  and  r e m o v e d  f r o m  s t o r -  
age, cleaned, and  r e s t o r e d  a t  a l a t e r  date.  

D e c e m b e r .  Typhula a n d  Sporo t r ichum s o m e t i m e s  
o c c u r r e d  on plants at -1.1C. C, rad ic ico la  and  Fu-. 
s a r i u m  sp. w e r e  usually found o n  plants with s t o r -  
a g e  t e m p e r a t u r e s  0.5 t o  1 C  above t h e  recommended  
p lan t  t e m p e r a t u r e  of - 1 . 1  C. 

T r a c e s  of Typhula sp.  w e r e  f i r s t  o b s e r v e d  o n  
r 0 0  t r o t  l es ions  3 months  a f t e r  p lan ts  w e r e  placed. 
in s torage .  Evidence  of Typhula growing all o v e r 
t h e  s u r f a c e  of the p lan ts  a p p e a r e d  in  4 t o  5 months,  
a n d  t h e  g r e a t e s t  m o l d  g r o w t h  o c c u r r e d  a f t e r  5 
months .  Sc le ro t ia  w e r e  often found on Typhula-in- 
f e c t e d  p lan ts  a f t e r  6 months  i n  s t o r a g e. S i n  c e 
Typhula s o m e t i m e s  o c c u r r e d  on p lan ts  at -1.1C and 
a p p e a r e d  on bundles in var ious  posi t ions within t h e  
c r a t e ,  all p lan ts  had  probably  not b e e n  infected o r  
in  contact  with Typhula inoculum. Infection t i m e  is 
not  k n o w n .  However, R e m s b u r g  (3) r e p o r t e d  that  
Typhula s p o r u 1 a t  e d in  the  fall and winter months  
dur ing  r a i n  and  snow f 1 u r r i e s with t e m p e r a t u r e s  
n e a r OC. S i m i l a r  wea ther  conditions su i tab le  f o r 
sporu la t ion  of Typhula often o c c u r i n  Nova Scotia 
d u r i n g  N o  v e m b  e r, when p lan ts  a re  being dug f o r  
win te r  s t o r a g e .  In c o m  m e r c i a 1 f ields,  basidio-  
s p o r e s  have  not been  found, although Typhula m y c e-  
l i u m  h a s  been  found in  Apr i l  in s c a t t e r e d  pa tches  on 
s t r a w b e r r y  p lan ts  under  mulch.  However in f i e 1 d 
p lo ts  containing Typhula- inoculated plants ,  basidio-  

s p o r e s  have been  found on m y c e l i a l  m a t s  on t h e  s o i l  
i n  mid-November (unpublished resu l t s ) .  

T o  avoid e x c e s s i v e  d e v e 1 o p m e n t of m o l d  in  
s torage ,  t h e  t e m p e r a t u r e  of fall dug s t r a w b  e r r y 
p lan ts  m u s t  b e  reduced  t o  -1.1C within 15 days af- 
t e r  digging and  plant  t e m p e r a t u r e  main ta ined  at th i s  
t e m p e r a t u r e  f o r  the  e n t i r e  s t o r a g e  period.  C r a t e s  
should b e  s tacked  to allow adequate a i r  movement.  
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